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Some Properties of Explosives. 


A LecrurEeE DELIVERED BEFORE THE CHEMICAL SOCIETY ON 
DecEeMBER 16TH, 1920. 


By Sir Rosert Rosertson, K.B.E., F.R.S. 


CompARED with other branches of chemistry, the subject of 
explosives has received less attention than many. This is due to 
the risks attaching to their investigation, which requires costly 
slety precautions, and to the somewhat restricted and specialised 
ield of application. 

The late war provided a great stimulus to the investigation of 
explosives. Methods of manufacture of certain substances were 
brought to a very high degree of perfection, and processes of filling 
and application were carefully worked out, but much of this work 
was of necessity directed to the practical side. 

A large field of research on fundamental principles, essential to 
future progress, remains for investigation. 

It is proposed in this lecture to describe some steps that have 
been taken, both before and during the war, to obtain an insight 
into the principles of explosive phenomena by quantitative 
measurements of some of the more important properties of 
explosives, the work for the most part having been carried out at 
the Research Department, Woolwich. 

Before discussing these measurements, it may be well to define 
what is understood by the term explosive, and this is conveniently 
done by stating that its function is to exert a sudden intense’ 
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pressure on its surroundings when suitably activated. This 
pressure is developed by the decomposition of the explosive intg 
gas, with concomitant liberation of heat. It follows, therefore, 
that the fundamental features possessed by an explosive are: _ 

(i) Potential energy in virtue of its chemical constitution, 
independent of external agencies. 

(ii) Formation of gaseous products with simultaneous liberation 
of energy. 

(iii) Rapid decomposition when suitably excited. 

The investigation of the first of these involves a study of the 
thermochemistry of different types of chemical compounds, deter. 
mination of heats of formation, and heats of explosion. On these 
properties depend directly the power and sensitiveness of the 
explosive, and indirectly the chemical stability. Thus the 
exothermic character of the decomposition of an explosive renders 
it liable to break down at the ordinary temperature, so that if the 
whole of the heat were conserved, the temperature of the explosive 
and rate of decomposition would be gradually raised to a pitch 
when explosion would spontaneously occur. 

The investigation of the second involves the study of the chemical 
reactions attending all rates of decomposition up to explosion, and 
the equilibria established among the decomposition products, at 
different temperatures and pressures. 

The investigation of the third involves measurement of the rate 
of propagation of the explosion wave and all the phenomena in 
the proximity of the detonating mass of explosive. This rate of 
propagation in the explosive largely determines the pressure 
developed, and is the criterion for classification of explosives as 
either high or low explosives. It has therefore a close connexion 
with the effects that they produce. 

It is the object cf this lecture to consider, in the first place, 
some of the properties of explosives, with special reference to the 
chemical constitution and the physical properties of the compounds 
themselves. An attempt will be made to trace a reflection of the 
molecular arrangement of the compounds in such important 
properties as the heat of formation, the chemical stability, the 
sensitiveness, and the violence that explosives exhibit. 

A second part will deal with the constants and properties of the 
amatols, in view of the importance that they assumed during the 
war. 
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Part I. 


The Influence of Constitution and Physical Condition. 


The principal properties that will be considered, in conjunction 
with structure, composition, and physical form, are those of: 

(1) Heat of formation. 

2) Heat of explosion and gases evolved. 

3) Chemical stability. 

4) Sensitiveness to shock. 

5) Rate of detonation. 

(6) Pressure developed. 

Special methods for determining most of these properties have 
been evolved in the Research Department, Woolwich, and it is 
these that have furnished most of the recently obtained data 
quoted in the sequel. 

In each case a short account of the methods employed will be 
given before proceeding to the discussion of the properties. 

(1) Heat of Formation.—The necessity for meeting certain 
requirements in explosive compounds, such as rapidity of action, 
stability on storage, and convenience of handling, imposes condi- 
tions which lead to a sacrifice of the original energy of combustion 
of the elements of which the explosive is composed. 

In considering the thermal data, it is instructive to compare an 
explosive with a system containing carbon and hydrogen in the 
same ratio as they exist in the explosive, together with sufficient 
oxygen for their complete combustion. Such a system is found 


TasBLe [. 


Heat of Exploston or Combustion of 1 Kilo. 


Heat in kg. cal. 
(water gaseous). 


One kilo. of the following system. Explosion. Combustion. 


(i) Glyceryl trinitrate 

(2) Carbon and hydrogen, in ratio as in 
glyceryl trinitrate, together with oxygen 
for complete combustion 

(3) Elements present in glyceryl trinitrate 

(4) Trinitrotoluene 

(5) Carbon and hydrogen, in ratio as in 
trinitrotoluene, together with oxygen 
for complete combustion 

(6) Trinitrotoluene, together 
for complete combustion 

(7) Elements present in trinitrotoluene, to- 
gether with oxygen for complete com- 
bustion 

(8) Trinitrotoluene, together with ammonium 
nitrate for complete combustion 
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to evolve considerably more heat for the same weight than the 
explosive itself, and this is due to the handicap imposed by the 
heat lost by forming the explosive from its elements, to want of 
oxygen for total combustion, to dilution with nitrogen, or to a 
combination of these. 

It will be seen from the table [(1) and (2)] that the system of 
carbon, hydrogen, and oxygen corresponding with glyceryl 
trinitrate evolves for the same weight 64 per cent. more heat than 
this powerful explosive can evolve. 

Conceiving the steps in its formation from carbon and hydrogen 
to propane, thence to glycerol, and thence to glyceryl trinitrate, 
energy is successively locked up in forming them, but chiefly during 
the process of hydroxylation of propane. The loss due to the 
heat of formation of glyceryl trinitrate as given by the difference 
between its heat of explosion (1) and that of the combustion of its 
elements (3) is 22-8 per cent. of the heat which the substance 
evolves on explosion. 

Trinitrotoluene evolves on detonation a much lower quantity of 
heat (4) than glyceryl trinitrate (1), and, moreover, the heat 
evolved is a much smaller proportion of that evolved by the corre- 
sponding system of elements (5) than in the case of glyceryl 
trinitrate. Such a system would evolve 147 per cent. more heat 
than is produced by the simple explosive, as against 64 per cent. 
for glyceryl nitrate. In trinitrotoluene, however, we have a sub- 
stance in which the deficit of oxygen is so great that 1 kilo. would 
require 0°74 kilo. of additional oxygen for its complete combus- 
tion. Trinitrotoluene suffers, therefore, from its uncompensated 
character as regards the oxygen it carries for the combustion of its 
elements. The extent to which it suffers from the lost energy 
involved in its formation from the elements may be gathered from 
the table, where the heat evolved from combustion of its elements 
(7) is set down in comparison with the heat experimentally found 
when trinitrotoluene is burned in oxygen (6). In this case, the 
heat due to the combustion of the elements, together with their 
necessary oxygen, is only 1°3 per cent. more than that which is 
evolved by a system composed of trinitrotoluene and its necessary 
oxygen. It will be seen, therefore, that the lower total energy 
associated with trinitrotoluene is due, for the most part, to its 
want of oxygen, but that when the compensated explosive, glyceryl 
trinitrate (1), and the compensated system of trinitrotoluene with 
the oxygen it requires for complete combustion (6), are each of 
them compared with the heat evolved by the systems made up of 
their carbon and hydrogen and necessary oxygen, (2) and (5), the 
loss suffered by trinitrotoluene is much less than that by glyceryl 
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irinitrate in the proportion of about one to four. This is due to 
the lower heat of formation from the elements, and especially to 
the much smaller wastage of energy by methylation as compared 
vith hydroxylation. Thus, whilst the heat of detonation of 
irinitrotoluene is much less than that of glyceryl trinitrate, it has 
been formed with much less wastage of energy. 

When an explosive mixture is made with an oxygen-bearing 
alt, such as ammonium nitrate, in proportions for the complete 
oxidation of all the combustible elements of the system, the heat 
evolved, whilst greater than that given by trinitrotoluene itself, is 
till less than half of what the combustible elements in trinitro- 
toluene would give if they underwent combustion in oxygen. This 
is, of course, again due to the adverse effect of the high heat of 
frmation of ammonium nitrate. 

Generally, it can be said, in comparing nitric esters with nitro- 
empounds, that whilst a large proportion of oxygen can be readily 
introduced into the molecule of nitric esters by means of the 
0‘NO,-group, they have the disadvantage of a higher heat of 
lrmation, as the heat which is lost in the combination of carbon 
aid hydrogen is more in the case of the paraffins than in the case 
of the aromatic hydrocarbons, and, further, much heat is wasted 
in hydroxylation. 

From the point of view of total heat energy, then, an advantage 
rests with explosives in which the oxygen is supplied either in the 
ucombined form, as in the liquid air explosives, or by a com- 
pound of which the heat of formation is small. Of this type are 
explosives in which petrol or nitrobenzene, for example, is used 
in conjunction with nitrogen peroxide, the heat of formation of 
vhich from its elements is low (1°7 kg. cal. per mol.), loss of energy 
by the formation of a compound between combustible and oxygen- 
bearing substance being in this case avoided. Thus 1 kilo. of a 
mixture of nitrogen peroxide and nitrobenzene, arranged for 
complete combustion, would give 1790 kg. cal. (water gaseous), or 
21 per cent. more than glyceryl trinitrate. 

Such mixtures, therefore, have the advantages of being readily 
arranged for complete combustion, and of being constituted so 
that there is little loss in the formation of their components. 
They are consequently very powerful, and may also be very violent, 
but have the practical drawbacks associated with the handling of 
wlatile liquids. 

It is now of interest to follow the effect of the introduction of 
uitro- and other groups. The heats of combustion, from which are 
deduced the heats of formation, have been the subject of study at 
the Research Department, Woolwich, and an account of the work 
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and of the values for the most important nitro-derivatives of 
benzene, toluene, phenol, and methylaniline is being published in 
the names of Messrs. Garner and Abernethy. 

It has been found that there is no constant difference produced 
by the introduction of a nitro-group or of successive nitro-groups 
into the benzene nucleus, but that the internal energy of the mole. 
cule, as shown by its heat of formation, varies with the position 
of the entering nitro-group with reference to other nitro-groups 
and to other substituting groups. Generally, it is found that the 
molecule has the greatest strain—lowest heat of formation—in 
which the nitro-groups are adjacent to one another, and this strain 
is reflected in the lower chemical stability and the greater 
sensitiveness to impact of those members of the series possessing 
the lower heat of formation. The heats of formation of the 
isomerides of trinitrotoluene range from +10°2 kg. cal. per mol. 
for the 2:4:6- to ~—2°0 (carbon-diamond) for the 2:3:4-com- 
pound, and all these isomerides give off more gas on heating at a 
given temperature, and explode by the application of a blow of less 
energy, than the symmetrical substance. As a further example, 
1:2:4-trinitrobenzene has been found to be more sensitive and less 
chemically stable than the symmetrical 1:3:5-isomeride. This 
will be further alluded to in the portion of this paper which deals 
with chemical stability. 

The comparatively low heat of formation of the compounds in 
which adjacent nitro-groups occur will be noted in connexion with 
the well-known difficulty of preparing substances in which there 
are two nitro-groups in the ortho-position to one another. 

The introduction of nitro-groups in the parent substances of the 
four series mentioned above produces compounds which, at least 
after three groups have entered, have for the most part still a 
heat of formation greater than that of the original substance, but 
from results obtained so far, it appears to require four nitro-groups 
to bring the heat of formation markedly below that of the parent 
substance. Thus the heats of formation of benzene, toluene, 
phenol, and methylaniline, compared with those of their 
symmetrical trinitro-derivatives, are respectively —10°6 and +4°9, 
—3°8 and +10°2, +33°2 and +47°1, and —7°9 and +7:1 kg. cal. 
per mol. (carbon—diamond). A fourth group (in the side-chain) in 
the case of trinitrophenylmethylnitroamine brings the heat of form- 
ation to —11°4, which is below that of methylaniline. It will be 
seen, also, that whilst the introduction of a hydroxyl group is pro- 
ductive of a considerable increase in the heat of formation, oxygen 
can be added in the form of nitro-groups without any serious 
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degradation in the energy of the molecule, and this is of import- 
ance in explaining the explosive character of nitro-compounds. 

In another type of explosives, such as are used as initiators, 
which require to be of a very sensitive character, a very low or 
negative heat of formation reflects their great internal strain, 
Examples of these are mercury fulminate, which absorbs 62°9 kg, 
cal. per mol. in its formation from its elements (Berthelot), and 
lead azide, which absorbs 105 kg. cal. per mol. (Martin), and is 
characterised by the strain resulting from the rings containing 
three nitrogen atoms. 

The work on the heat of formation of the benzenoid substances 
has been more recently the subject of special study, on account of 
its bearing on the properties of explosives used on the largest scale, 
and so has been more fully treated in the foregoing remarks. 

The heat of formation of all explosive substances is of funda- 
mental importance in affording data for the study of their chemical 
characteristics and the evaluation of their explosive properties. 

(2) Heat of Explosion and Gases Evolved.—The methods of 
determination of the heat of explosion and of estimating the 
volume and nature of the gases have hitherto been unsatisfactory 
s far as high explosives are concerned. For propellants the 
problem is simpler, as the pressures developed in the apparatus, 
even when they simulate those occurring in guns, are compara- 
tively small, for example, not exceeding 25 tons per square inch. 
Methods have been described for high explosives, but in these the 
proportion of explosive to vacuous space has frequently been too 
small, thus introducing a condition unrepresentative of practice, 
or when this is avoided by the more practical method of deton- 
ating the explosive in its own volume enclosed in some resisting 
envelope, gases only, and not calorimetric values, have hitherto been 
reported (Poppenberg and Stephan, Zeitsch. ges. Schiess- u., 
Sprengstoffw., 1910, 5, 291). 

The difficulties to be overcome with high explosives are very 
great when it is considered that the pressures developed locally 
are of the order of 300 tons per square inch. Whilst a final form 
of the calorimetric bomb for measuring the heat of detonation of 
high explosives has not yet been reached, it has been found possible 
ina bomb of moderate capacity to measure the heat developed 
from the detonation of explosives pressed to a high density in 
containers representative of practical conditions. The difficulties 
of designing a bomb which withstands the blow without leakage 
have been overcome, and the gaseous products of detonation can 
be measured and analysed. The explosive, compressed to any 
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desired density, is retained in a stout envelope, usually of steel 
and complete detonation is secured by applying to it an inteny 
impulse from a fulminate or lead azide detonator, retained, as has 
been found necessary, in steel of considerable thickness. The 
detonator is fired electrically by an insulated connexion passing 
through the obturated plug of the bomb. The bomb is immersed 
in a calorimeter of the type described for the propellant bomb 
(Robertson, Proc. Roy. Soc., 1907, [A], 79, 320), and the gases 
collected in the gas holder described in that paper, water, ammonia, 
and hydrocyanic acid being also estimated. 

Some of the values that have been obtained for the heat evolved 
by the detonation of simple explosives in this bomb are given in 
the following table, and the values for guncotton and for glyceryl 
trinitrate are added for comparison. 


TABLE II. 
Heat and Gases on Detonation. 


Explosive detonated Calories per gram Total gases, 
at density = 1-3. (water gaseous). .c.c. per gram. 
m-Dinitrobenzene 
4 Trinitrobenzene 
Trinitrotoluene 
Trinitrophenol 
Trinitrophenylmethylnitroamine.. 


Guncotton (Nitrogen, 13 per cent.) 
Glyceryl trinitrate 713 (Berthelot) 


The comparatively high heat value for dinitrobenzene is of 
interest when it is remembered that this is not far from the value 
of the heat energy contained in some military propellants, but it 
was left to this war to demonstrate that a compound with only 
two nitro-groups in the benzene ring, and requiring an addition 
of 95 per cent. cf its own weight of oxygen for its complete com- 
bustion, could be used without admixture as a high explosive for 
shell. Its other constants, which reflect its properties and possi- 
bilities, will be referred to below. 

The values obtained for trinitrotoluene and for picric acid differ 
from those reported by Poppenberg, who gives 641 and 793 calories 
per gram respectively. The new results have been obtained, as 
has been said, by detonating the explosives enclosed in a steel 
envelope at a density of loading in the envelope of 1°3, and they 
agree with results calculated from gas analyses from larger quanti- 
ties, also confined in steel envelopes and detonated in a large, 
exhausted vessel. 

The heat values obtained for trinitrotoluene and picric acid are 
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interesting in that the difference in heat energy given by the two 
aplosives is small, although trinitrotoluene requires 74 per cent. 
of its own weight of oxygen for its complete combustion, whilst 
picric acid requires only 45 per cent. This considerable dis- 
alvantage in the case of trinitrotoluene is, however, counter- 
balanced by the lower heat of formation of 2:4:6-trinitrotoluene 
(10-2 kg. cal.) (carbon—diamond) as compared with trinitrophenol 

(471 kg. cal. per mol.), or a difference of about 160 gram-cal. per 
gram in favour ‘of trinitrotoluene. This difference is due to the 
energy lost by hydroxylation as compared with methylation of the 
benzene, as is shown by the molecular heats of formation (carbon— 
diamond), —10°6 kg. cal. for benzene, —3-8 kg. cal. for toluene, 
aud +33°2 kg. cal. for phenol. 

The sometimes alleged inferiority of trinitrotoluene to picric 
aid as an explosive therefore receives little support when total 
energies of the respective substances are considered. There is, 
however, a somewhat higher quantity of gas from unit weight of 
picric acid, as might be expected from its higher oxygen content. 

It will be observed that trinitrophenylmethylnitroamine has a 
much higher heat of detonation than trinitrotoluene or trinitro- 
phenol, and this is in accordance with all the properties of this 
substance, which is used as an energetic intermediary between the 
detonator and a main explosive. 

It will also be seen that the total heat energy of all these 
explosives falls considerably short of that of glyceryl trinitrate, in 
pite of the high heat of formation of that substance, this being 
due to the difficulty in getting a stable nitro-compound containing 
mough oxygen in the form of nitro-groups to oxidise the com- 
bustible elements of the molecule. 

The technique of the calorimetry of high explosives is being 
further developed in the direction of using charges of considerably 
greater magnitude, so that corrections due to the presence of initial 
detonant will be correspondingly reduced, and less sensitive 
explosives detonated with certainty. 

(3) Chemical Stability—The chemical stability of explosive 
compounds can be determined by the rate at which they undergo 
decomposition, an elevated temperature being required to bring 
this to a measurable degree for most of the explosives used in 
practice. In one of the methods considered, the explosive is 
caused to decompose either in a stream of inert gas, where the 
products are determined volumetrically (Will, Zeitsch. angew. 
Vhem., 1901, 14, 743), or spectroscopically (Robertson and Napper, 
1, 1907, 911, 764; Robertson, T., 1909, 95, 1241). In another, 
the decomposition is followed by observing the rise in pressure of 
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the gases given off in a vacuum, as in the method devised by 
Farmer (T., 1920, 117, 1432), which is applied to most of the 
more stable nitro-ccompounds. In this case, the explosive is con- 
tained in a tube connected with a mercury manometer, the tube 
and its contents being kept at a constant temperature in a specially 
fitted bath. 

Explosives appear to be continuously decomposing at a rate 
which is a function of the temperature, but that rate is slow at 
ordinary temperatures in the case of explosives capable of prac- 
tical employment. Thus trinitrotoluene at 140° gives off gas 
extremely slowly. The cellulose nitrates are less stable than 
trinitrotoluene, and glyceryl trinitrate still less stable. Ata 
temperature as low as 55°, the evolution of nitrogen peroxide from 
5 grams of glyceryl trinitrate can be observed in a 2-metre tube 
by means of the spectroscope. 

This intrinsic decomposition proceeds even when the explosive 
is dry; but hydrolysis may be superadded in the presence of 
moisture, and both of these types of reaction are accelerated by 
the products of decomposition. Thus nitrogen peroxide, a pro- 
duct of the degradation of cellulose nitrates and of glyceryl tri- 
nitrate, rapidly accelerates the intrinsic decomposition of these 
esters, possibly on account of its strongly oxidising properties, 
whilst the acceleration of their hydrolysis is due to its acid-form- 
ing properties. 

It has been shown (/oc. cit.) that retention of nitrogen peroxide 
in the presence of cellulose nitrate undergoing regulated decom- 
position induces an acceleration. Thus it was shown that the 
higher the concentration of nitrogen peroxide existing in the gases 
in contact with the heated cellulose nitrate, the greater was the 
amount by which the rate of decomposition exceeded the minimum 
rate characteristic of the completely purified explosive when it is 
caused to decompose with simultaneous removal of its volatile 
products. Even a nitro-compound like picric acid, which is very 
much more stable, has been found to undergo an accelerated 
decomposition in the presence of nitrogen peroxide, although, of 
course, at a temperature much above that required for this effect 
with cellulose nitrates. 

The slow decomposition which occurs during warm storage for 
the most part results in the formation of less simple products than 
those developed on detonation, and the rate of their evolution is 
influenced by the chemical constitution and composition of the 
explosive, as well as by the following factors: 

(a) The quantity of heat evolved by the decomposition of the 
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aplosive; this has a positive value, but less than the heat evolved 
on detonation. 

(b) The temperature of storage; the rate of decomposition is 
about doubled for a rise of 5°. 

(c) The conductivity of the explosive for heat and its specific 
jeat, especially where large masses are involved, since these 
properties determine the extent to which heat is retained in the 
yntral portions of the mass; explosives, like organic materials in 
gneral, are bad conductors of heat, the conductivity of many 
having been found to be about the same as that of porcelain. 

(d) The action of the products of decomposition on the un- 
changed material; this includes such acceleration as that caused 
by nitrogen peroxide, mentioned above. 

(e) The physical condition of the explosive; this influences the 
retention or diffusion, and possible elimination, of disturbing 
impurities. 

(f) The presence of foreign substances; these may either exert 
a powerful accelerative influence, or, on the contrary, may reduce 
the rate of decomposition by combining with products which would 
otherwise accelerate. 

Most explosive substances can be induced to undergo a regulated 
decomposition if care be taken steadily to withdraw, by suitable 
means, the heat evolved by the exothermic reaction and those 
gaseous products which act as catalysts in accelerating decomposi- 
tin, for example, by leading a stream of gas through the system 
ow by conducting the operation in a vacuum, or by permitting the 
eivironment to absorb the heat. 

The temperature-coefficients of such decompositions lie between 
17 and 2°3 for 5°. This is greater than for many other types of 
chemical reactions, for which the rate is approximately doubled 
fora rise of 10°. It is important that this temperature-coefficient 
should be known throughout a range extending from the storage 
temperature, on the one hand, to a higher one at which the rate 
of decomposition can be measured in a reasonably short space of 
time. Examples of temperature-coefficients which provide this 
lnk between warm storage temperatures and a much higher 
temperature are included, among others, in table III (p. 12). 
These temperature-coefficients have been determined by various 
methods of experiment. 

The decomposition over the longest range quoted is for glyceryl 
irinitrate, the method used being that described previously 
(Robertson, T., 1909, 95, 1241). When that paper was written, 
40° was the lowest. temperature at which decomposition had been 
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TaBLeE III. 
T'emperature-coefficients. 


Temp.-coeff. Limits of 
experiment. 


Mercury fulminate . 5O0—80° 
Glyceryl] trinitrate 2-§ 60—135° 
Guncotton “ 125—150° 
100—115° 
Picric acid 2°: 140—180° 
2:4: 6-Trinitrotoluene f 140—180° 
2:4: 5-Trinitrotoluene . 120—140° 
do. . 140—180 


observed. Since then, in conjunction with W. S. Simpson, 
quantitative results have been obtained by the same spectroscopic 
method down to 60°. Certain refinements were introduced, such 
as distribution of the glyceryl trinitrate, present necessarily in 
larger quantities, over silica wool, and the use of a quartz observ- 
ation tube lengthened to 2 metres. The over-all temperature- 
coefficient obtained between 60° and 135° was found to be 2°2 for 
5°, and was fairly constant throughout this range. 

Whilst there is thus no very great difference in the rate of 
increase in the velocity of decomposition with rise in temperature 
among explosives of widely different types, their resistance at the 
same temperature varies enormously. 

Examples are given in table IV (p. 13) of the rates of decom- 
position of a number of explosives. An attempt has been made 
to institute a comparison among these rates by quoting the volume 
of gas evolved from 1 kilo. of the explosive per hour (after forty 
hours’ heating) at 140°, either experimentally determined, or 
deduced from the results obtained at the nearest temperature at 
which the experiment was carried out. 

The figures quoted are the rates of gas evolution at an early 
stage in the decomposition, before the usual marked acceleration 
caused by the products of decomposition sets in. This acceleration 
differs greatly in different explosives, and this has to be taken into 
consideration when questions involving safety are concerned. 

Considering, in the first place, the gas evolved from thos 
aromatic nitro-compounds given in the table, it is not until a 
irinitro-derivative is reached that a measurable gas evolution is 
obiained. Of these, the most stable is 1:3:5-trinitrobenzene, 
which gives off only a trace of gas when heated for many hours 
even at the high temperature of 180°, or nearly 60° above ils 
melting point. 
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TaBLe LV. 


Stability of Explosives. 


Rates of gas evolution in c.c. per hour after forty hours from 


| kilo. of explosive. 


Explosive. 
n-Dinitrobenzene 
2: 4-Dinitroaniline 
:3:5-Trinitrobenzene 


140°. 
0*, a 
o* a 
0O* 

0-003 


160°. 


180°. 


; 6-Trinitromesitylene 
; 6-Trinitro-m-xylene 
: 6-Trinitrophenol 
:4:6-Trinitroaniline 

: 4-Trinitrobenzene 

: 6-Trinitrotoluene 

: 6-Trinitro-m-cresol 
:4-Trinitrotoluene 

: 5-Trinitrotoluene 

: 5-Trinitrotoluene 

: 6-Trinitroanisole 


l: 
9. 
a. 
>. 
D} 

is 
a. 
9. 
9. 
a. 
9. 
a. 
a. 


3:4: 5-Trinitrotoluene 22 


2:4: 6-Trinitro-3-hydroxy- 
phenylmethylnitroamine 23 
° . er at 135° 

Cellulose nitrate (N.= 13%) | 2500 \ 


fat 115°\ oe 
660 }£86-000] 


[370] 
[5000] 


Glyceryl trinitrate 


* Not measurable at 140°. 


The influence of the successive introduction into the ring of 
titre-groups is shown in the series dinitroaniline, trinitroaniline, 
and tetranitroaniline, where the fourth group induces a great 
increase in the gas evolution. In the case of some compounds, the 
introduction into the ring of a fourth nitro-group leads to an even 
nore marked instability. 

Examination of the products of decomposition of trinitrotoluene 
tows that they are very complex, but they contain a substance 
tsembling the transformation product of uncertain constitution 
and lower stability, that is associated with the action of alkalis 
ad of light. It is of interest in this connexion that the resist- 
ance to decomposition by heating of the mono-, di-, and tri-methy] 
ttivatives of trinitrobenzene runs in line with that of their 
rsistance to the formation of this transformation product by 
ilkalis and by light. 

Hydroxylation, as shown in the simpler series of trinitrobenzene 
ad trinitrophenol, and of trinitrotoluene and _trinitrocresol, 
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increases the gas evolution only to a slight extent. It has a mors 
marked influence, however, in  trinitrophenylmethylnitroamine 
due, apparently, to an acceleration of hydrolysis, a feature which 
will be treated of later. 

Examples are given of the arrangement of nitro-groups in the 
benzene ring. It will be seen that 1:2:4-trinitrobenzene is ley 
stable than the 1:3:5-compound, and in the case of the isomerides 
of trinitrotoluene, the 2:4:6-compound is the most stable of all. 

On reviewing the order of stability of the compounds in the 
table generally, it is of interest to note that their decreasing 
resistance runs in line with the ease with which they can be hydro- 
lysed. Thus, in the case of the two last-mentioned series, the 
mobile character of one of the nitro-groups in the unsymmetrical 
trinitro-derivatives is well known. Again, when trinitropheny!- 
methylnitroamine is hydrolysed, methylamine and picric acid aro 
among the products, and picric acid is found to accelerate the 
decomposition of the substance (Farmer, T., 1920, 117, 1603). 
Picric acid is also found among its products of decomposition in 
the stability test, and it is no doubt due to the acid properties 
conferred on _ trinitrohydroxyphenylmethylnitroamine by _ the 
hydroxyl group that that substance possesses a lower stability than 
trinitrophenylmethylnitroamine. 

Trinitroanisole, which partakes of the character of an ester, and 
is readily hydrolysed, is found to undergo a more rapid decomposi- 
tion than picric acid. 

Of the others, which are the more stable, as shown by their 
low gas evolution, indifference to hydrolysis is a characteristic 
feature. 

It would thus appear from these indications of lower stability, 
in conjunction with greater hydrolysability, that the water pro- 
duced by interaction of the oxygen of the nitro-groups and 
hydrogen in the side-chains or in the ring, may be a condition for 
greater chemical action, as shown by the volume of gas evolved. 

Compared with the nitro-compounds in the table, the resistance 
to heat of the nitric esters, cellulose nitrate, and glyceryl trinitrate 
is of a much lower order. 

This is thought to be due, perhaps, less to inherent instability 
in these nitric esters than to their ready hydrolysis by traces of 
water formed during the decomposition and the vigorous inter- 
action of the products of hydrolysis. 

In addition to considering the effect of the chemical nature of 
these substances as regards their rate of decomposition, however, 
it is necessary to take into account their physical condition, since 
their stability is greatly influenced by the state of aggregation. 
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Thus the decomposition of trinitrophenylmethylnitroamine was 
measured a few degrees below its melting point (129°1°) by the 
method of observing the rate of disengagement of nitrogen in a 
dream of inert gas, and the values cbhtained were extrapolated to 
135°, a few degrees over its melting point. The disengagement 
at 135°, when it was actually liquid, was also determined by the 
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nerides same method, when it was found that the rate of decomposition of 
f all, Mf the liquid substance was fourteen times that which the solid would 
in the have had at the same temperature. 

easing J When the same explosive was brought into the liquid condition 
hydro. i by adding an inert nitro-compound, it was found that it gave off 
s. the J ina vacuum about fifty times as much gas at the same temperature 
trical as it did when in the solid condition (Farmer, T., 1920, 117, 
heny!- 1603). 

d are In the preceding table, the figures of gas evolution are referred 
e the | to the liquid condition, for the sake of obtaining strict com- 


parisons. To those compounds the melting points of which lay 
above the temperature of experiment, sufficient of an inert nitro- 
compound was added to render them liquid during the period of 
heating. 

The increase in the rate of decomposition of an explosive in the 
liquid as compared with that in the solid state is doubtless con- 
nected with the greater mobility of the molecules in the liquid 
condition. 

There are reasons for supposing that the decomposition of solid 
explosives takes place at the surface of the particles. Thus, 
Hinshelwood and Bowen (Phil. Mag., 1920, [vi], 40, 569) have 
shown that the rate of gas evolution from solids which give off 
gas is conditioned by the amount of surface exposed. In working 
with mercury fulminate, W. L. Turner has shown that the degra- 
dation of fulminate on heating, although it does not give rise to 
a change in the external form of the crystals, can be followed by 
means of the difference in optical properties between unchanged 
fulminate and the products of decomposition. After fulminate 
has been heated until a considerable quantity of gas has been set 
free, the crystals present the appearance of a central, unchanged 
nucleus surrounded by decomposition products. 

(4) Sensitiveness to Shock—All explosives are more or less 
readily brought to detonation by a mechanical shock. The 
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investigation of the degree of sensitiveness exhibited is important, 
of as the sensitiveness largely determines the applications to which 
er, explosives can be put, and also the character of the precautions 
ee necessary to ensure safe manufacture and handling. 


The explosive is tested for sensitiveness to two distinct types of 
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blow: direct impact and friction. The measurement of sensitive. 
ness to direct impact admits of greater quantification, and | 
propose to deal only with it on this occasion. 

The determination of sensitiveness to a blow is generally carried 
out in a drop-weight machine. The experiments are fraught with 
many difficulties, and few of the published data can be regarded 
as trustworthy. 

The difficulties are chiefly due to the complex effect which the 
blow has on the explosive, to the great labour and expense in 
maintaining the striking surfaces constant throughout the work, 
and to the interpretation of the results cbtained, which has for 
the most part depended on qualitative personal views. 

These difficulties have to a great extent been overcome by the 
use of a falling weight instrument worked out by Dr. Rotter, of 
the Research Department, Woolwich. By this method, it is 
possible to reproduce accurately the disposition of the explosive, 
whilst the surfaces between which it is struck are carefully 
standardised by comparing the behaviour of the explosive under 
investigation with that of a standard explosive. The results of 
the blow are evaluated, not by personal observations of sound, 
flash, or by the imperfect guide of assessing the quantity of 
scattered residues, but by a quantitative measurement of the gas 
produced at the different heights of fall when the blow delivered 
has sufficient energy to cause decomposition of the explosive and 
gas to be evolved. 

The results are given in comparison with a standard explosive 
according to the type under investigation, the usual standards 
being picric acid, gunpowder, and mercury fulminate. The 
sensitiveness is expressed in ratios, known as “ figures of insensitive- 
ness,’ which express the relative energies of the blows required 
to produce explosions of equal degrees of completeness throughout 
the scale from incipient to complete detonation. A table is 
appended giving some typical results. Picric acid is taken as 
100, and the lower numbers refer to explosives of greater 
sensitiveness. 

The range of sensitiveness is very great. At the one end lie 
the haloids of nitrogen, which can scarcely be handled without 
exploding, whilst at the other end are the aromatic nitro-hydro- 
carbons, which are brought to detonation only by a very heavy 
blow. 

The sensitiveness of explosives to mechanical shock is un- 
doubtedly closely related to their chemical constitution, but the 
relationships are frequently masked by differences in physical 
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character, which greatly modify the pressure developed by a blow 
of given intensity. 

Theoretically, all explosives are decomposing very slowly, with 
evolution of heat, at the ordinary temperature. The energy which 
must be supplied to raise the rate of decomposition to explosion is 
, measure of the sensitiveness. It follows that all explosives 
increase in sensitiveness with rise in temperature. The quantity 
of heat liberated by the explosive on decomposition plays an 
important part in raising the rate of reaction to that of explosion, 
ad it is found that, in similarly constituted substances, the higher 
the heat of explosion the less is the quantity of energy that need 
be added. 

A good example of this is glyceryl trinitrate, which exhibits 
great sensitiveness when struck between two hard substances, but 
itis also exemplified in all the series of nitro-compounds into which 
nitro-groups are successively introduced. Further, in nitro-com- 
pounds containing the same number of nitro-groups, but differing 
in heat of formation, in consequence of the different arrangement 
of the nitro-groups, it is found that those are the more sensitive 
which have the lowest heat of formation, that is, presuming a 
imilar metamorphosis to take place on explosion. 

The following general observations can be made as to the 
rlation of chemical constitution to sensitiveness. 

Aromatic nitro-compounds with one or two nitro-groups in the 
ring are very insensitive. The effect of introducing more nitro- 
groups is successively to increase the sensitiveness. This is illus- 
trated by the series of nitroanilines shown in table V (p. 18). 

In all cases, increasing sensitiveness is associated with either 
wme peculiarity of constitutional arrangement in the explosive or 
with higher heat of explosion due to the importation of more 
oxygen into it, so as to render the substance more nearly balanced 
ior complete combustion. The influence of the position of nitro- 
groups in the case of isomerides of a substance like trinitrotoluene, 
for example, is, of course, of a much smaller order than that 
asoclated with the highly strained structure of compounds like 
ulminate and lead azide, as shown by their strongly endothermic 
tharacter, 

(0) Rate of Detonation.—The rates of detonation have, for the 
most part, been determined by the Dautriche method, a column 
of the explosive under standardised conditions of confinement being 
‘ntained in a steel tube of 1:2 inches internal diameter and 
l inch wall, and detonated by a terminal charge of 50 grams of 
titrophenylmethylnitroamine. 
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TABLE V. 
Sensitiveness of Explosives. 


Figures of Insensitiveness (Picrie Acid = 100). 
: Figure of 
insensitiveness 
” to impact. 
Initial detonants : 


Mercury fulminate 10 

Lead azide 20 
Nitric esters: 

Glycery] trinitrate 13 

Nitrocellulose 28 
Nitro-compounds : 


p-Nitroaniline yer 120 
a a a ale la encenpuatman gaan bebe rer 120 
: 6-Trinitroaniline 111 

86 
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107 
115 


over 120 
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: 5-Trinitrobenzene 106 
: 6-Trinitrophenol 100 


l: 
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: 6-Trinitrotoluene 115 
: 6-Trinitro-m-cresol 101 


to 
ee 


: 6-Trinitrophenylmethylnitroamine 70 
: 6-Trinitro-3-hydroxyphenylmethylnitroamine ... 56 


SINT vicuncnntacccncasuiedcsinuaedcantueieeune 115 
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: § 102 
:5 102 
25 ‘ 108 
: 6 ‘ 111 
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The method of Dautriche is well known, and need be only 
shortly described. The detonation wave, passing along the column 
of explosive confined in its steel tube, causes detonators fixed to 
the ends of a loop of the detonating lead-covered fuse to start 4 
wave of detonation in the fuse. These detonators are separated 
by a known distance in the explosive, and the meeting point of the 
two approaching waves is displaced from the real centre of the 
loop by an amount from which, knowing the rate of detonation of 
the fuse and the distance apart of its initiating detonators, the 
rate of detonation can be calculated. The meeting point of the 
waves is recorded as a sharp, transverse line marked on a lead 
plate, on which the fuse is laid. The lead-covered detonating fuse 
for this work was standardised in 3-metre lengths by the Metta- 
gang apparatus, in order to obtain its rate of detonation. 
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The results given by some of the explosives mentioned in other 
onnexions in this paper are as follows. 


TaBLE VI. 
Rates of Detonation, 


Density of | Metres per 
Explosive. loading. second, 

Trinitrophenylmethylnitroamine 7520 
Guncotton (dry) ° 7300 
Trinitrophenol “6: 7250 
Trinitrotoluene i-! 6950 
Trinitroxylene f 6600 
m-Dinitrobenzene 56 6100 

loose 3000 


The rate of detonation of an explosive is one of the chief 
characteristics which serve as an indication of its violence or 
shattering effect. Whilst the calorific value of an explosive gives 
the total possible energy which an explosive can exert, the rate 
of detonation is the rate at which the energy is evolved, and is of 
great importance as regards the effect produced. The effect of 
rate of detonation is well marked in the result of the pressure- 
bar tests, next to be described, a high rate giving a large value for 
the instantaneous maximum pressure, whilst at a similar density 
of loading with a lower rate, a lower pressure is obtained, although 
sometimes with a higher total blow. 

The quantity of heat energy available seems to be related to the 
rate of its expenditure. Thus it will be seen from the table that 
the rate of detonation runs in line with the heat of explosion as 
given in an earlier section, and therefore, like this property, is to 
a large extent dependent on molecular structure. 

(6) Pressure Developed.—For determining the degree of 
violence developed by an explosive, the methods hitherto in use 
have been inadequate. This has been due to insufficient weight 
being attached to the need for obtaining quantitative measure- 
ments, which have a definite physical meaning. Moreover, the 
importance of maintaining uniform and controlled conditions of 
such factors as density of loading and degree of confinement of the 
charge, have not always been sufficiently realised. 

An advance in the direction of obtaining quantitative measure- 
ments of the pressures developed by explosives over a small 
measurable interval of time, which is a measure of the violence 
they exhibit, has been made possible by the application of the 
method of determining the pressure of a blow put forward by the 
late Prof. Bertram Hepkinson (Phil. Trans., 1914, [A], 218, 
437). By this method, valuable results have been obtained, which 
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have thrown light on the properties of explosives and enabled 
choice to be made among them for specific purposes, such as to 
initiate detonation in other explosives, and it has proved to be of 
theoretical importance in obtaining insight into the properties of 
detonation waves. It has also been fruitful in the investigation 
of the design of mechanisms, such as detonators, fuses, and gaines,* 
since it affords definite and immediate information on the essential 
feature of such components, namely, the violence of the blow that 
they deliver. As the method developed, its usefulness as a check 
on supply was appreciated, and instruments were designed for 
control of the quality of such stores as have been mentioned. 

The application of Hopkinson’s principle to this wider field of 
research, and the design of a variety of instruments for the pur 
poses mentioned above, were carried out at the Research Depart- 
ment, Woolwich, by Mr. H. Quinney, formerly Hopkinson’s 
assistant, and a number of other physicists. 

The principle on which the determination of the pressure is 
based depends on the fact that when a charge is fired against the 
end of a cylindrical steel bar ballistically suspended, a wave of 
compression travels along the bar and is reflected at the far end 
as a wave of tension. To investigate the properties of the wave, 
a short length of the end of the bar farthest from the delivered 
blow is cut off and the faces surfaced, the short piece (known as 
the time-piece) being caused to adhere closely to the bar, usually 
by a film of vaseline. The compression wave travels unchanged 
through the joint into the time-piece, but the film is unable to 
transmit a tension. Hence when the amplitude of the reflected 
tension wave reaching the joint becomes greater than that of the 
oncoming compression wave, the time-piece is projected off the end 
of the shaft with a momentum which depends on the pressure 
exerted by the explosive and the time taken by the wave to 
traverse the length of the time-piece. This momentum is measured 
by catching the time-piece in a ballistic pendulum, and the 
velocity of the propagation of the wave through steel being known, 
the mean pressure exerted during an extremely small time interval 
can be calculated. The principle thus essentially depends on the 
experimental separation of this momentum into its two factors of 
pressure and time. By the use in succession of time-pieces of 
different lengths, it is possible to make an approximation to the 
maximum pressure developed, and to get values for the mean 
pressure over various time intervals, and the time taken for the 


* A term which has become common in connexion ‘with explosive 
mechanisms, as signifying a tube containing an intermediary detonating 
explosive or system (Fr. gaine, a sheath). 
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pressure wave to reach its maximum amplitude and fall to nothing. 
The time interval over which the mean maximum pressure is 
normally measured is a two-hundred thousandth of a second, and 
the pressures developed in these experiments reach a magnitude 
of hundreds of tons per square inch. To protect the end of the 
bar against the application of such stresses, which no terrestrial 
substance would withstand, a standardised pellet of material, which 
is scattered on the explosion, is interposed between the explosive 
and the end of the bar. This has the effect of degrading the blow 
to a known extent. Values for pressure, quoted later, are thus 


TasLe VII. 


Results on Pressure Bar. 


Pres- 
sure in 
Thick- tons per 
ness of sq. inch 
steel Density in 0-5 Density Density 
enve- of (10-5 of Pres- of Pres- 
Explosive. lope. loading. second.* loading. sure. loading. sure. 
None — 14-2 1-45 — 
(paper). 
1/16” “s 31 4! 34-5 
“: y 4 55-9 


(paper). 
1/16” 


Trinitro- 
phenol .... None 
(paper). 
1 ” 


Trinitro-m- 
xylene 
m-Dinitro- 
benzene... 
2: 4-Dinitro- 
toluene ... 
Dinitronaph- 
thalene 
(crude) ... 
Nitro- 
benzene... 
_(liquid) 
Aitro- 
benzene... 
(solid) 
Benzene. . 4 . 3:8 
(solid) 
* With constant pellet interposed. 
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always to be taken as an approximately known fraction of the 
actual pressure. 

By addition of the momentum of the timepiece to that of the 
bar, which is readily measured by taking the amplitude of its firs 
swing, a value for the total blow delivered to the end of the bar 
can be expressed in units of momentum without reference to the 
duration of the blow. 

A large amount of work has been done by this method, but it js 
possible only to refer to a few of the results. 

Some examples may be given of the differences brought out 
among explosives as regards their comparative violence, and the 
values (table VII, p. 21) at the same time exhibit some other 
features. The initiating system in all cases was an intense one, 
and was constant throughout. 

Some description may be given of the character of the inform. 
ation that has been cbtained in the investigations with the pressure 
bar. 

In carrying out these experiments, it was found necessary to 
pay the greatest attention to maintaining as constant as possible 
the density of loading and the thickness of the containing envelope 
before it was possible to make any deductions. 

In all the cases quoted, higher pressures occur at the higher 
densities of loading, but this result is obtained with the more 
heavily compressed explosives only when the initiating impulse is 
sufficiently intense to overcome their insensitiveness to detonation. 

From the values given in the table, the important exaltation of 
effect due to the confinement of the explosive is very clear. 

In the case of simple explosives, the measured pressures 
developed appear to be dependent on the rate of detonation, the 
heat of explosion. the volume of gas produced, and the density of 
loading, but further data under standard conditions are required 
before the effects due to each of these can be ascertained. 

By retaining a constant system of initiating impulse, it is 
possible by this method to determine the sensitiveness of explosives 
in responding to a detonative blow. Explosives at high densities 
of loading respond with more difficulty, and especially when lightly 
confined. 

In the case of mixtures, intimacy of contact of the components, 
obtained, for example, by prolonged incorporation of the 
ingredients, has also been proved to increase the pressures 
developed, and to counteract the fall in pressure that occurs with 
less well-incorporated mixtures when they are heavily compressed 
and initiated with only a moderate impulse. 

Comparing, next, some of the different types of explosives given 
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in the table as to the pressures they develop, by taking the values 
obtained in an envelope of }inch steel wall, it is seen that the 
violence of the blow delivered in the same short interval of time 
(1/200,000th of a second) is greater with tetryl than with picric 
acid or trinitrotoluene, and this is in line with all the constants of 
these substances that have so far been considered. It also affords 
a explanation of the use to which this explosive is put as an 
emergetic intermediary between detonator and less sensitive 
explosive. There is little to choose between the results given by 
picric acid and trinitrotoluene, and this also is in agreement with 
their respective energy contents, and in fair agreement with 
observations of the fragmentation of steel containers, which, how- 
eer, on the whole favour picric acid, with its slight advantage 
in rate of detonation and higher volume of gas. 

The entry of another methyl group to form trinitroxylene brings 
down the violence, but it is still of a high order, and considerably 
surpasses that of m-dinitrobenzene, which contains nearly as much 
oxygen for its combustion. 

Dinitronaphthalene, with its low heat of formation, gives a 
distinct explosive value, but the application of the intense impulse 
to which all these explosives were subjected did not cause any 
disruption of either nitrobenzene or benzene, the effect obtained 
being only that which was communicated from the initiating 
ystem. It does not appear, therefore, as might have been 
expected from their low heat of formation, that such a blow is 
capable of breaking up their structure. Dinitronaphthalene, 
although, from the point of view of oxygen available for its com- 
bustion, is little better than a mononitro-derivative of benzene, 
till appears to have a definite explosive property. 

Just as a certain tardiness has been observed for certain ex- 
plosives in attaining their proper rate of detonation, especially 
under an inadequate initiation, so also this has been found, especi- 
ally in the case of liquid explosives, when they are detonated on 
the pressure-bar. This and many other applications cannot be 
lescribed within the limits of this paper, but enough has perhaps 
been said to indicate the importance of the application, and for 
the purpose of further research the usefulness, of the principle 
enunciated by the late Prof. Bertram Hopkinson. 


Under the headings of the various properties considered, some 
attempts have been made at correlation with the chemical struc- 
ture of the explosive compounds. It does not seem possible, how- 
‘ver, in our present state of knowledge to connect up all of these 
Properties, which sometimes act in opposite directions. 
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Certain broad generalisations, of course, appear, chiefly with 
regard to the inherent energy of the substance influencing such 
properties as sensitiveness and violence, but chemical stability is 
more intimately connected with certain aspects of molecular 
arrangement. There is obviously overlapping in regard to thew 
features of the influence of total energy and special constitutional 
arrangement, as has been shown in the case of sensitiveness. As 
will be seen, there is a wide field for work on all these aspects, as 
also into all the immediate phenomena of detonation. 


Parr IT. 
Explosive Properties of the Amatols. 


The importance which the amatols ultimately assumed as the 
only filling for land service shell, for aerial bombs, and other 
munitions may warrant some sketch of the explosive properties of 
these mixtures. 

Both the pourable mixture, 40/60 amatol (that is, 40 parts by 
weight of ammonium nitrate and 60 parts of trinitrotoluene), and 
the 80/20 mixture, were put forward by the Research Depart- 
ment, Woolwich, in March of 1915, as a result of trials which 
included investigations into their capacity as detonating fillings 
for shell, their rates of detonation, and their insensitiveness to 
shock. 

The shortage of trinitrotoluene, which was met by the adoption 
of these mixtures, and especially of 80/20, in which the ingredients 
are present in nearly the correct proportions for complete com- 
bustion, called urgently for their adoption and manufacture on 
the largest scale, until, finally, the enormous output of 4000 tons 
a week was reached. 

These explosives were of a type which had hitherto not been 
used for shell-filling in this country, and much had to be learned 
as to their chemical and explosive properties. These will now be 
shortly described, following the same order as in the preceding 
account. 

Heat of Formation, Heat of Detonation, and Gases.—In the 
case of the balanced explosive 80/20 amatol (more nearly 79/2! 
for complete combustion), since the heats of formation of the con- 
stituents and of the products (CO, and H.O) are known, the heat 
of detonation can be calculated. This heat of detonation has, 
however, also been determined in the calorimetric bomb for high 
explosives described above, and is found to be for 80/20 1004 
calories per gram (water gaseous), whilst the value calculated 
from the heats of formation of trinitrotoluene, of ammonium 
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nitrate, and of the products carbon dioxide and water formed on 
detonation, is 1019. The agreement is thus fairly good, and is a 
useful confirmation of the values for the heat of formation of 
trinitrotoluene and the heat of detonation of the amatol. It is, 
of course, much more difficult to calculate the calorimetric value 
of mixtures, such as 40/60 amatol, which are not compensated for 
combustion, on account of the complexity of the products formed 
on detonation. The experimental value found for the detonation 
of 40/60 amatol is 920 cal. per gram (water gaseous). 

A fairly good agreement is obtained in the case of 80/20 amatol 
between the experimental value for total gases evolved from 1 gram 
of the detonated explosive, 907 c.c., and 894 c.c., the calculated 
value. Amatol 40/60 gives off 892 c.c. of total gas per gram. 

It will be seen that the addition of ammonium nitrate, with its 
high heat of formation, has no effect on the heat value of trinitro- 
toluene in 40/60 amatol, although the quantity of gas is increased, 
but with the theoretical proportion of the components for total 
combustion, an increase of more than 10 per cent. in total energy 
is obtained, and, at the same time, the largest volume of gas. 
The following table gives the experimentally found heat values 
and gases of these {wo amatols in comparison with those of trinitro- 


toluene. 
TaBLeE VIII. 
A matols—-Heat and Gases Produced. 

Calories per gram Total gases, 

(water gaseous). c.c. per gram. 
Trinitrotoluene ............... 924 728 
40/60 Amatol..........0..5..s. 920 892 
DOE PBR vinvcciccssvcacsss 1004 907 


Stability.—Whilst chemical stability is a necessity in the case 
of simple explosives which have to withstand a high temperature 
during either their preparation or their service life, so also with 
mixtures no less drastic a demand is made on the ingredients, but, 
in addition, it is necessary that there should be no chemical action 
between them. 

Pure ammonium nitrate and pure trinitrotoluene have little 
action on one another, even at 120°, but interaction has to be 
guarded against when certain impurities are present in either of 
the technically manufactured products, as the concomitants of 
uch interaction are evolution of heat, which may be dangerous, 
and the generation of gas, which is objectionable in several ways. 

The increased mobility associated with the liquid state has been 
shown in the foregoing to induce a greater rate of decomposition in 
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simple explosives like tetryl; a similar acceleration occurs in the 
case of ammonium nitrate if its melting point is depressed by 
sodium nitrate, for example, so as to form a eutectic, liquid at 
the temperature of the experiment, when it is found that the rate 
of evolution of gas is markedly increased in contact with T.N.T, 
as compared with the evolution from the mixture of that substance 
and solid, pure ammonium nitrate. 
The following gas evolutions show this: 


C.c. from 10 grams of explosive 
(50/50) in 40 hours. 


At 100°. At110°. At 120°. 
Crude T.N.T. and NH,NO, (pure) 3:7 c.c. 
Crude T.N.T. and NH,NO, containing 8% 
NaNO, 2 2:7 c.c. 


It will be seen that it is only when the temperature attains 
that of the melting point of the eutectic of ammonium nitrate 
and sodium nitrate, about 120°, that an increased reaction, as 
shown by the greater gas evolution, supervenes. 

The above values are for crude trinitrotoluene, that is, trinitro- 
toluene containing, as has been shown from thermal analysis of 
the crude product, a little dinitrotoluene, due to incomplete 
trinitration, and about 4 per cent. of the isomeric trinitrotoluenes, 
mainly the 2:3:4 (1°5 per cent.) and 2:4:5 (2°5 per cent.). The 
reactivity with pure 2:4:6-trinitrotoluene is much less, being for 
the mixture of the pure ingredients represented by only 2 c.c. of 
gas under the above conditions at 120°, trinitrotoluene alone giving 
only about 0°05 c.c. 

The gas evolution from the mixture of the pure ingredients of 
80/20 amatol is 0°5 c.c. under the same conditions. 

As these explosives were now used for the first time in quantity 
for filling munitions of different kinds, and came into contact 
with a great variety of metals and materials, their compatibility 
with these was the subject of much study, partly by climatic trials 
and by experimental work, including the application of the vacuum 
stability method throughout a range of temperatures. It is not, 
however, possible to pursue this part of the subject further than 
the example already given. 

Although the isomerides of trinitrotoluene cause a somewhat 
greater gas evolution with pure ammonium nitrate than the 
symmetrical compound, the effect of certain impurities in the 
ammonium nitrate is very much greater. The violence with which 
pyridine reacts with the more highly nitrated aromatic compounds 
in which there are two nitro-groups ortho to one another had 
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heen the subject of investigation in the Research Department, and 
it was accordingly of interest when ammonium nitrate containing 
pyridine was shown to give rise to tumultuous evolution of gas, 
even in the cold, with the isomerides of trinitrotoluene, but not 
with the symmetrical compound. The effect of this interaction 
an be strikingly shown by the frothing over which occurs when 
amatol 40/60 containing a small quantity of pyridine or ammonium 
thiocyanate, for this has a similar effect, is melted in a narrow- 
necked vessel. 

Insensitiveness to Impact.—When this characteristic of the 
amatols is determined by the method described above, it is found 
that they are insensitive substances, and they are also found to be 
insensitive to friction. The influence of heat on the amatols has 
been investigated as to its effect on their sensitiveness, comparison 
being made with picric acid, and taken as 100 at 15°. 


TaBLe IX. 
Figures of Insensitiveness of Amatols. 


At 15°. At 50°. At 80°. 
SN Sid invinciveiensiicenetnas 111—120 108 120 
Amatol 40/60 _ 107 
Picric acid _- 75 


The amatols are thus by themselves fairly insensitive mixtures, 
and heating does not raise their sensitiveness, but this may be 


appreciably increased by the presence of gritty matter and of 
ertain salts. 


Rate of Detonation.—This was determined by the Mettegang 
ad Dautriche methods already mentioned. The values for the 
amatols and trinitrotoluene were found to be as follows. 


TABLE X. 
Rates of Detonation of Amatols. 


Metres per second. 
Trinitrotoluene (cast) at density 1-57 6950 : 
Amato! 40/60 (cast) at density 1-55 6470 { in steel tube of 0-1 in. 
Amatol 80/20 at density 1-3 4620 { thickness of wall. 
” » 5080 
‘: * , 5200 in tube 0-24 in. thick. 


Two points of interest appear from this table: addition of 
ammonium nitrate up to 40 per cent. has comparatively little 
fect in reducing the rate of detonation much below that of tri- 
hitrotoluene, and the rate of detonation of 80/20 amatol is still 
of the high order of 5000 metres per second, and is little raised 
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beyond this value when the thickness of the steel wall of the 
container is increased. 

Pressure developed.—In the mixtures of trinitrotoluene with 
ammonium nitrate, the inorganic salt has been sometimes described 
as a diluent of the high explosive. So far as the explosive proper. 
ties of the mixtures are concerned, this is an erroneous view. 
Thus it has been shown that the total heat energy of the fully 
compensated 80/20 mixture, as determined experimentally, is the 
same as the value calculated on the assumption of chemical inter. 
action between the ingredients. Again, the substitution of 40 per 
cent. of ammonium nitrate reduces the rate of detonation o 
trinitrotoluene only to a slight extent, and even when 80 per cent. 
of the salt is present, the rate of detonation is still of a high order, 
Ammonium nitrate, however, is much more than a convenient 
source of oxygen, for it can be shown by the quantitative method 
of the pressure-bar that it can by itself break up explosively with 
a certain degree of violence. 

The following table gives the pressures developed under the 
same conditions of confinement when ammonium nitrate alone and 
incorporated with 5, 10, 15, and 20 per cent. of trinitrotoluene, 
all at density of loading of 1-3, are detonated by the help of the 
same initiating system. Amatol 40/60 and trinitrotoluene, both 
in the cast condition, are included for comparison. 


TABLE XI. 


Pressures Developed by Ammonium Nitrate and Amatols. 


Tons per sq. inch 
Ammonium Nitrate. Trinitrotoluene. in 0-5 xX 10~¢ see. 


100 

99-5 

99 

98 

95 

90 

80 

40 (at density 1 
0 (at density 1 


Crorwowrort 
BeESSADS 


A correction of 3 tons has to be deducted for the effect of this 
initiating impulse, but after this allowance has been made, it will 
be seen that ammonium nitrate has developed a considerable pro 
portion of the pressure associated with the performance of 
80/20 amatol, although it will be observed that small proportions 
of trinitrotoluene have the effect of activating the ammonium 
nitrate to a much greater extent than the quantity added would 
apparently warrant, an indication in itself of the explosive nature 
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{the ammonium nitrate. It is thus clear that in amatol the 
mmonium nitrate contributes, not only oxygen to supply the 
jeficit of trinitrotoluene in this respect, but it also behaves in the 
mixture as the explosive which it is. 

Amatol 40/60, which was always used in the cast form, and so 
lad usually a higher density, gives higher pressures than amatol 
)/20. Its violence, approaching that of trinitrotoluene as thus 
measured, is in line with its rate of detonation, which, as has been 
hown, is little below that of trinitrotoluene, in spite of the 40 per 
nt. of ammonium nitrate present in the mixture. 

Having now described some of the properties and constants of 
he amatols, it is not necessary to go further into the performance 

this explosive, of which the type 80/20 was used in such 
mormous quantities during the war. It is sufficient to say that it 
met the demands of the fighting forces and received their 
ommendation. 


Before concluding this address, I should like to take the oppor- 
mity of referring to the work of my colleagues, past and present, 
m the scientific staff of the Research Department, Woolwich. 

They have devoted themselves with enthusiasm to the study of 
he chemical and physical problems involved, and to the pursuit 
{methods of obtaining quantitative knowledge where only quali- 
ative information existed before, and their results have had the 
bree-fold value of advancing scientific knowledge generally, of 
making it capable of application to matters of national importance, 
and of indicating directions for further work. 


L—Preparation of Chloropicrin from Picric 
Acid* and Trinitrotoluenes. 


y Kennepy JosepH PRevITE Orton and Puyiuis VioLtet McKie. 


LOROPICRIN was first prepared by Shenstone (Annalen, 1847, 66, 
41) from picric acid by the action of bleaching powder, chlorine, 
wtassium chlorate and hydrochloric acid, or aqua regia. Hofmann 
(iid., 1866, 139, 111) described in some detail the procedure when 
ilaching powder is used. He obtained a yield of 114 per cent., 
hat is, 53 per cent. of the maximum (215 per cent.) if all the nitro- 
feups of the picric acid appear in the chloropicrin : 
C,H,(NO,),°OH —> 3CCl,*NO,. 


* Orton and Pope: English Patent, No. 142878 (1918). 
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Hcfmann’s vield is undoubtedly low; there is no difficulty in obtain. 
ing a yield of 150—160 per cent., a figure which is somewhat above 
the yield of 143°5 per cent., which corresponds with the appearance 
of two nitro-groups as chloropicrin: 

C,H.(NO,),°OH —> 2CCl,"NO,.* 

A consistently better yield, reaching 200 per cent., can be 
obtained by passing chlorine into a cooled suspension of picric acid 
(sodium picrate) in aqueous sodium carbonate. The products are 
chloropicrin and some nitric acid, together with chloride and some 
hypochlorite, and chlorate which has arisen from transformation of 
hypochlorite. No other compounds are present in appreciable 
quantity. From determinations of the hypochlorite, chlorate, and 
chloride in the aqueous product, it is found that the proportion 
of the last accords well with the opinion that chloropicrin is formed 
in a reaction between hypochlorite (hypochlorous acid) and picric 
acid, thus: 

C,H.(NO,),°OH + 11HC1O =3CCl,-NO, + 2HCl + 3CO, + 6H.0, 
that is, 

C,H.(NO,),°OH + 11Cl, +5H,O =3CCl,-NO, + 13HC1+3C0,, (4) 
when the maximum yield would be 215 per cent. ; or, 

C,H.(NO,),°OH + 12Cl, +8H,O= 

2CCl,°NO, + 18HC1+4CO,+ HNO,, (2) 
when the maximum yield would be 143°5 per cent. 

When the yield of chloropicrin is low, however, other substances 
appear among the products. 

The quantity of nitric acid in the product (determined by boiling 
with excess of ferrous chloride and measuring the nitric oxide 
evolved) is a measure of the exient to which the reaction has 
followed a course other than that represented by equation A. 
Nearly the whole amount of nitro-group of the picric acid—up to 
96—97 per cent.—is accounted for by the chloropicrin and the 
nitric acid ; probably most of the deficiency is due to want of preci- 
sion in measurement and to the loss of chloropicrin by evaporation 
during the preparation. 

Effect of Degree of Alkalinity on the Reaction.—According to 
equation 41, 23 equivalents of alkali are required by the left- 
hand side of the equation. The right-hand side, however, only 
needs 19 equivalents. Hence during the reaction the alkalinity 
would increase if 23 equivalents were used initially. Moreover; 


* Since the work described in this paper was completed, Gardner and For 
(T., 1919, 115, 1188) have recorded that the yield by the Shenstone-Hofmann 
method can be raised to 180—190 per cent. when the proportion of the reagent# 
and the quality of the bleaching powder are right. 
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6 of these 19 equivalents are required by carbon dioxide, regenerat- 
ing carbonate, which is again available for reaction with chlorine. 
Hence the minimum proportion of alkali for the reaction repre- 
gnted by equation A is 13 equivalents. In equation B, 25 equiva- 
lents of alkali are required on the left-hand side and 27 on the 
right-hand side; of these, again, 8 are in the form of carbonate 
and therefore available ; hence the minimum number is 19. 

In practice, since under the best conditions, nitric acid is always 
formed, and therefore the reaction in part follows equation B, it is 
best to use 15-—17 equivalents of alkali. 

In strongly alkaline media, such as sodium hydroxide in place 
of sodium carbonate, the yield is greatly diminished. When the 
sdium hydroxide is concentrated the reaction is very slow, for the 
slubility of the picrate is depressed, and, moreover, only hypo- 
chlorite, and not hypochlorous acid, is present at least in the 
initial stages. At the same time a red solid appears as a product. 
If the concentration of the sodium hydroxide is kept below 0°LYV 
and the hydroxide (13 equivalents in all) added gradually during 
the reaction, the yield of chloropicrin is as good as when sodium 
carbonate is used. 

When bleaching powder is used, calcium hydroxide would be 
formed, if the reaction follows that course (equation A) in which 
the maximum yield is obtained, thus: 

2C,H,(NO,),*OH + 11Ca(OCl), = 

6CCI,*NO, + 6CaCO, + 2CaCl, + 3Ca(OH),. 
(Using bleaching powder containing 30 per cent. of “ active 
chlorine,” 1 part of picric acid would require 3'4 parts of bleaching 
powder.) Owing to the low solubility of calcium hydroxide, the 
ajueous medium, in which probably the reaction only takes place, 
will not have an alkalinity above 0°04—0°02N, which would not be 
an unfavourable degree of alkalinity. 


TasB_e I. 


Yield of 
chloropicrin. 

Alkali. Ber cent. 
NaOH, 23 equivalents. Concentration: N. ......... 110 
Na,CO;, 9 equivalents; NaOH, 8 equivalents. ... 182 
Na,CO,, 17 equivalents 194 
Soda ash (Na,CO;, 90 per cent. ; NaOH, 5 per cent.) 194 
Na,CO,, 12 equivalents ; NaHCO,, 5 equivalents... 196 


The temperature was in all experiments 2—5°. 
The Effect of Temperature.—A low temperature is favourable to 
the yield of chloropicrin, that is, to the reaction represented by 
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equation A. In table II, 17 equivalents of sodium carbonate were 
used throughout. 


Taste II. 


Temperature. Yield. 
168 per cent. 
173 
182 
192—194 
198—199 


Only a small amount of heat is set free in the reaction when 
sodium carbonate is used. 

Effect of the Presence of Sodium Chloride.—The presence of 
sodium chloride is deleterious to the reaction, in which chloropicrin 
is formed thus: in 18 per cent. aqueous sodium chloride the yield 
was 149 per cent., and in 30 per cent. sodium chloride 92 per cent. 
The “red solid” is formed in considerable proportion, especially 
in the more concentrated salt solution. Owing to the depression 
of solubility in water of chlorine by sodium chloride, the gas is 
absorbed poorly. Further, the high concentration of chloridion 
keeps the concentration of free hypochlorous low (Jakowkin, Zeitsch. 
physikal. Chem., 1899, 29, 613), and the solubility of the sodium 
picrate is depressed by the sodium chloride ; hence the reaction will 
be retarded. Again, the concentration of chlorine will be greater, 
and any reaction with picric acid not leading to chloropicrin there- 
fore favoured. Use of the filtrate (which contains about 8 per 
cent. of sodium chloride) from one operation is therefore inadvis- 
able; a second re-use causes a serious diminution of yield. 

It is not improbable that this effect of chloride accounts for the 
great influence of “quality” of the bleaching powder on the yield 
of chloropicrin when this agent is used. 


ExPERIMENTAL. 


Picric acid is dissolved in a hot solution of 4 parts of sodium 
carbonate (17 equivalents) in 50 parts of water. On rapidly cool- 
ing, sodium picrate separates in small crystals. Large crystals 
should be avoided. The thin paste is cooled to below 5°, and stirred 
slowly while a current of washed chlorine is introduced. The treat- 
ment with chlorine should either be intermittent or fairly slow. Too 
rapid a current of chlorine not only leads to loss of gas, but also 
to the production of chlorate. The speed of the reaction is mainly 
determined by the size of the crystals of the sodium picrate. The 
sodium picrate gradually dissolves, and ultimately a colourless oil 
and a colourless solution are obtained. When industrial chlorine 
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has been used the oil is yellow. The oil can easily be directly sepa- 
rated from the aqueous layer or distilled in a current of steam. 
jt amounts to 1°17 parts by volume, and is approximately pure 
dloropicrin. 

Solubility of Chloropicrin in Water.—At 10° the solubility is 
about 0-058 gram per 100 cc. It rises somewhat with the tem- 
perature. By vigorous distillation 75 per cent. of the chloropicrin 
an be recovered from the solution. A smaller proportion can be 
alted out. The aqueous solution is stable for a long period, and 
rmains neutral after boiling for some time. 

Action of Hypochlorite Solution on o- and p-Mononitro- and 
):4-Dinitro-phenol.—2 :4-Dinitrophenol behaves much as _ picric 
aid. There is a greater development of heat, and ultimately a 
wlourless oil and solution are obtained. The yield of chloropicrin 
isonly 50 per cent. of the maximum. 

pNitrophenol gives at first a heavy precipitate, which ultimately 
dissolves, yielding a colourless oil and solution. The yield ot 
dloropicrin is 33—-34 per cent. of the maximum. o0-Nitrophenol 
gives a deeply coloured precipitate and liquid. The solid resists 
teatment with hypochlorite. The yield of chloropicrin is only 
10 per cent. of the maximum. 

Action of Hypochlorite on Trinitrotoluene and on T'rinitrotoluene 
Residues.—As these materials are insoluble in alkali, contact is most 
asily effected by “sludging’’ with water and bleaching powder. 
As a result of many trials, the proportion of 1 part of nitro- 
compound to 15 parts of bleaching powder (‘‘active chlorine,” 
29 per cent.) and 25 parts of water were found best. The mixture is 
gradually heated, and then a current of steam passed through. If 
the mixing has been thorough, the colour of the paste is completely 
discharged, save from trinitrotoluene residues. 


Taste III. 
Yield as a percentage 
of weight of 
Material used. material used. 
T.N.T., Grade I. 82 
T.N.T., Grade ITI. 84 
T.N.T., “residues ”’ 70 


Dinitrotoluene 4 
53 


University CotteGce or N. WALEs, 
BANGOR. [Received, November 22nd, 1920.] 
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Il.—The Decomposition of Tartaric Acid by Heut. 


By Freperick Danie, Cuartaway and Francis Eart Ray. 


A.rHouGcH the decomposition which tartaric acid undergoes when 
heated has been studied many times during the past hundred years 
there is no general agreement as to the substances produced or as 
to their relative amounts, nor has the course of the decomposition 
been made clear. 

Since many of the products described by previous observers are 
obviously the result of secondary reactions, the decomposition has 
been carried out at the lowest possible temperature and under 
diminished pressure. As under these conditions the primary 
products are removed immediately they are formed, any side-reac- 
tions might be expected to be avoided or reduced to a minimum. 

When heated in this way no substances of complicated structure 
are formed, but the tartaric acid decomposes in two stages; in the 
first, water alone is liberated ; in the second, carbon monoxide and 
carbon dioxide are produced, together with formic, acetic, and 
pyruvic acids. 

The reactions which occur during the heating may be explained 
as follows: 

The tartaric acid at first loses one molecule of water, and there is 
produced a solid, colourless substance of the nature of a lactide 
having half the acidity of the parent acid and reconvertible into it 
by hydrolysis. 

This stage may be formulated thus: 
CO,H-CH(OH)-:CH(OH):-CO,H 

CO,H-CH(OH):CH(OH)-CO,H 
Ch ayo 
2H,0 + 0 0 
CO-CH:CH(OH)-CO,H 

This loss of water must be followed at a somewhat higher tem- 
perature by an intramolecular rearrangement of the nature of the 
Beckmann transformation, hydrogen and hydroxyl changing places, 
thus: 
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The compound momentarily formed in this manner then breaks 
jown in two ways, producing in one decomposition carbon monoxide, 
arbon dioxide, and acetic acid, thus: 


‘CH,*C(0H)-CO 
(0,HCH,C(OH)-C —> CO,H-CH,+C0+C0, 
o 9 CO, + CO + CH,°CO,H 
CO—-C(OH)-CH,°CO,H 


ad in the other decomposition carbon dioxide and pyruvic acid, a 
wansference of hydroxyl again taking place, thus: 


0),H-CH,*C(OH)-CO 
VU : _—> 
I 
CO—--U(OH):CH,*CO,H 


CH,:C(OH)-CO 
| CH,:CO-CO,H 
2CO, + O ©) ‘= ste 
' | CO,H-CO°CH, 
CO-—-C(OH)-CH, 


The formic acid which is produced in small amount in the decom- 
position is probably formed by an intramolecular rearrangement of 
he undehydrattéd acid, followed by a rupture of the molecule similar 
to that which occurs when a tartrate is fused with sodium hydr- 
wxide, the oxalic acid which is one of the primary products of the 
decomposition subsequently breaking down into carbon dioxide and 
formic acid. | 


(0,H CO,H C,H 


| | 
CHOH _, GH, _, CH, 
CH-OH COOH), CO,H 


(0,H CO,H CO,H 


ExPERIMENTAL. 


The heating was carried out in a bath of fusible metal, the bulb 
ofthe flask being completely immersed. Reduction of pressure was 
diected by a water-pump or by a Sprengel pump when the gases 
were to be examined. Heating was not begun until the pressure 
had been reduced as far as possible. During the heating a pressure 
o10—20 mm was maintained, the pressure varying somewhat with 
the stage of the decomposition and the rapidity of the accompanying 
tvolution of gas. 

The liquid products were condensed in one or more strongly cooled 

c 2 
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receivers, whilst the escaping gases, after having been passed 
through cotton-wool, were collected over mercury. 

Tartaric acid, when heated in this way, melts when the tempera- 
ture of the bath reaches about 150°, and appears to boil vigorously, 
a clear, colourless liquid condensing in the receivers. If the pressure 
is kept at 10—15 mm..and the temperature of the bath not allowed 
to rise above 165°, the distillate is neutral, but it becomes slightly 
acid if this temperature is exceeded. As the decomposition proceeds, 
the temperature of the bath being raised a few degrees above 165°, 
the contents of the flask gradually become more viscid, a slight 
evolution of gas occurs, and care is needed to prevent the mass 
distended by this gas and by water-vapour from frothing over. 

After some time the frothing ceases, liquid no longer condenses, 
and action at this temperature appears to come to an end. The 
contents of the flask, if cooled at this stage, have a white, spongy 
appearance somewhat resembling dried bread. 

When the temperature of the bath is further raised to about 
180° action recommences, the mass darkens slightly, gas is very 
freely evolved, and a clear, yellow liquid of a pungent odour distils 
over. This decomposition continues until the whole mass has dis- 
appeared, a very slight carbonaceous residue only being left behind 
in the flask. When a low pressure is maintained and the heating is 
slowly and carefully conducted, this small amount of residue is 
unweighabls and negligible. 

The liquid obtained in the first stage of the decomposition is 
water, 1 gram-molecule approximately being given off by each gran- 
mclecule of tartaric acid. 

The colourless, spongy solid then remaining is undoubtedly a 
compound of the nature of a lactide. It is brittle, absorbs moisture 
from the air, and therefore becomes sticky on exposure. It does not 
dissolve appreciably in benzene, chloroform, or ether. 

It dissolves very sparingly in cold water, more freely in hot. 
When quickly dissolved in cold water it is neutralised by little more 
than half the amount of alkali required to neutralise the parent 
acid. Such a neutralised solution becomes again acid on keeping or 
heating, until finally the amount of alkali required for neutralisa- 
tion equals that which would have been required to neutralise the 
tartaric acid from which it was derived. On thus neutralising 4 
large amount with potassium hydroxide and crystallising the salt 
in eight successive crops, each proved to be ordinary neutral potass- 
ium tartrate. On boiling it with ethyl alcohol and distilling under 
reduced pressure ethyl tartrate was obtained. 

The gas obtained in the second stage of the decomposition con- 
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sisted of carbon monoxide and carbon dioxide roughly in the pro- 
rtion of one volume of monoxide to two volumes of dioxide. 

If the first stage of the heating is not carried out very slowly 
and the temperature of the bath is allowed to rise rapidly to effect 
emplete decomposition more quickly, the percentage of carbon 
dioxide in the evolved gas is considerably increased owing to the 

ter amount of tartaric acid decomposing without the initial 
formation of the lactide. 

The liquid distilling in the second stage of the decomposition is a 
mixture of formic, acetic, and pyruvic acids, no other substances 
being produced. 

By fractionation under diminished pressure the distillate was 
resolved into its three constituents, and each was separately purified 
and identified. The amount of each acid yielded by a known 
weight of tartaric acid was estimated, the formic acid by Franzen 
and Greve’s method (7. pr. Chem., 1909, [ii], 80, 383), the acetic 
aid by titration, and the pyruvic acid by conversion into its 
pbromophenylhydrazone. The average of several concordant esti- 
mations gave the following as the products obtainable by the distil- 
lation of 1 gram-molecule of tartaric acid (150 grams) under 
diminished pressure and at a temperature not much exceeding 
180°: water, 18°8; formic acid, 2°4; acetic acid, 49; pyruvic acid, 
l4:1; carbon monoxide, 21°3; carbon dioxide, 43 grams, a total 
less by 1°4 grams than the weight of acid used. 

The substances termed by Fremy (Annalen, 1839, 29, 142) tar- 
tralic and tartrelic acids represent stages in the formation of the 
acid lactide, which, together with water, is the sole product of 
the first stage of the decomposition. 

The formation of tarry matters and the subsequent charring 
which occur when tartaric acid is heated under the ordinary 
pressure are due to the decomposition of the pyruvic acid first 
formed, and in no respect differ from the changes which take place 
when this acid is similarly heated. 


Tae QuEEN’s CoLLEGE, OxFoRD. [Received, November 26th, 1920.] 
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IlI].—7Trithiocarbonates and Perthiocarbonates.* 


By Ernest WickHAm YEOMAN. 


Tue fact that carbon disulphide reacts with soluble sulphides was 
first observed in 1824 by Zeise, and the products were more fully 
investigated by Berzelius in 1826 (Ann. Phys. Chem., 1826, [ii], 6, 

450), who showed that the salts produced are the sulphur analogues 
of the carbonates, and may be regarded as formed by direct com- 
bination of carbon disulphide and sulphide. Berzelius prepared 
scluble and insoluble trithiocarbonates of most of the then known 
metals, but pointed out, that owing to their instability and ready 
loss of carbon disulphide, it was very difficult to obtain them ina 
pure condition. Since that date numerous publications refer to the 
formation and preparation of trithiocarbonates,+ but except in the 
case of a number of double salts of calcium trithiocarbonate and 
calcium hydroxide, scarcely any of these appear to have been 
obtained in a pure condition. In addition, organic derivatives of 
orthothiocarbenic acid, C(SH),, have been prepared, such as ethyl 
orthothiocarbonate (Claesson, J. pr. Chem., 1877, [ii], 15, 212), but 
as in the case of the corresponding orthocarbonic acid no inorganic 
salts have been obtained. 

It was generally supposed that the absorption of carbon disul- 
phide from crude coal gas, when this is purified by means of lime, 
was due to its absorption by calcium sulphides with the formation 
of calcium trithiocarbonate. Colman (Thorpe’s “ Dictionary of 
Applied Chemistry,” 2nd edition, article ‘ Coal-gas”’), as the result 
of an investigation of the absorption of carbon disulphide by “sul 
phided lime,” suggested that the active compound was calcium 
disulphide, which readily combines with carbon disulphide at the 
ordinary temperature, forming, not the trithiocarbonate, but a new 
salt, the perthiocarbonate, CaCS,, thus, CaS,+CS,=CaCS,. This at 
once accounts for the known necessity for the presence of some 
oxygen for absorption to take place, oxygen in limited quantity 
being required to bring about the formation of the disulphide from 
the hydrosulphide first produced, 2Ca(SH), + O,=2CaS8, + 2H,0. 

Colman drew this conclusion, since he found that the soluble 
monosulphides or hydrosulphides, free from any polysulphide, had 


* Abstract of Thesis approved for M.Sc. Degree (London). 

+ These salts are commonly termed “ thiocarbonates,” but the same term is 
sometimes used for the derivatives of monothiocarbonic acid, HS*CO*OH ot 
HO'CS‘OH. To avoid confusion, the term “trithiocarbonate” is used 
throughout this communication for the derivatives of the acid HS*CS’SH. 
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jtle, if any, action on carbon disulphide at the ordinary tempera- 
wre, but that if sufficient sulphur were added to convert them into 
the disulphides, the reaction with carbon disulphide took place 
rapidly, with considerable evolution of heat and the formation of a 
wmpletely soluble product. If, however, more sulphur were added 
lan Was required to produce the disulphide of the metal, the 
embination with carbon disulphide took place equally rapidly, but 
the extra sulphur added over and above that required to form the 
disulphide was then precipitated as elementary sulphur. It was 
sso found that solutions of the normal trithiocarbonates readily 
dissolved sulphur, and that the amount of sulphur taken up by any 
of these trithiocarbonate solutions was limited to one atom for each 
molecule of trithiocarbonate present. All these results pointed to 
the existence of a series of thiocarbonates containing one more atom 
of sulphur than the salts usually termed the trithiocarbonates ; these 
may be regarded as salts of the acid H,CS,, which may be called 
yerthiocarbonic acid. The detailed results of this investigation were 
not published, as it was found that almost similar observations had 
been published by Gélis (Compt. rend., 1875, 81, 282).* 

Since that date K. A. Hofmann (Zeitsch. anorg. Chem., 1897, 14, 
%3; Ber., 1903, 36, 1146) has described numerous double thio- 
arbonates obtained by the action of carbon disulphide on ammonia- 
al solutions of copper and other metallic salts, and whilst most of 
these were derivatives of trithiocarbonic acid, H,CS8,, he also 
obtained substances which were derivatives of perthiocarbonic acid, 
H,CS,, one of these, the copper salt, having been obtained as bronze 
erystals, CuCS,, and analysed, but no soluble perthiocarbonate 
appears yet to have been isolated in a pure condition ; the various 
wluble trithiocarbonates also appear for the most part only to have 
been obtained in an impure state, and probably have rarely been 
free from some admixed perthiocarbonate and thiosulphate. 


ExPERIMENTAL. 


As is well known, the soluble sulphides all undergo hydrolysis 
it aqueous solution to a considerable extent, and both polysulphides 
and thiosulphates are formed in the presence of even small amounts 
of oxygen (Divers, T., 1884, 45, 696; Bloxam, T., 1900, 77, 750). 

Rule and Thomas (T., 1911, 99, 558) have shown that pure hydro- 
sulphides of the alkali metals free from thiosulphate may be 


*Dammer (‘* Handbuch der anorganischen Chemie,” 1894, Band 2, Theil 1, 
p. 412) and Beilstein (‘Handbuch der organischen Chemie,” 1893, Band 1, 
p. 887) incorrectly refer to these compounds as derivatives of orthothia- 
carbonic acid, C(SH),. 
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obtained by the action of hydrogen sulphide on an alcoholic soly. 
tion of the ethoxide, and that on addition of sulphur to the soly. 
tion, pure polysulphides of the metals are obtained. The varioys 
sulphides and polysulphides of sodium and potassium required for 
the preparation of the alkali salts described below have all been 
obtained in this manner. Air and moisture have been excluded go 
far as practicable by carrying out all the operations in a current of 
dry hydrogen. 
Methods of Analysis. 


Carbon and water were estimated by combustion of the salt mixed 
with lead ckromate. Calcium was estimated as oxalate, the other 
metals as sulphates. The total sulphur was estimated either by the 
Carius method or by combustion with lime. Oxidation of the 
sulphur by bromine or other agents gives low results. To determine 
whether the compounds formed were pure, other evidence is required 
besides that of the elementary analysis. For this purpose the quan- 
tity of sulphur (a) present as thiosulphate, () evolved on acidifi- 
cation as hydrogen sulphide, (c) present as “‘ polysulphide ” sulphur, 
was determined, in addition to the total sulphur. A solution of 
cadmium chlcride was added to a solution of the salt, and the 
precipitate filtered, etc. ; thiosulphate (a) was estimated in the solu- 
tion, and the sulphur evolved on acidification as hydrogen sulphide 
(6) in the precipitate by means of V/10-iodine. “ Polysulphide” 
sulphur was estimated by addition of cadmium chloride to another 
portion of the dissolved salt and determining the excess of sulphur 
over that present as cadmium sulphide by filtering, washing, and 
dissolving the precipitate in hydrochloric acid ; the “ polysulphide ” 
sulphur can then be filtered, etc., and weighed. Alternatively, the 
precipitate can be dried, extracted with hot benzene, the benzene 
evaporated, and the residual sulphur weighed. 


Sodium Trithiocarbonate. 


Two grams of sodium were dissolved in 60 c.c. of absolute alcohol 
in a flask fitted with a reflux condenser; the air in the flask was 
displaced with dry hydrogen, and the solution saturated with dry 
hydrogen sulphide. To the alcoholic solution of sodium hydro- 
sulphide thus obtained, a slight excess of freshly distilled carbon 
disulphide was added ; hydrogen sulphide was immediately evolved, 
and the colour of the solution became dark red. The solution was 
warmed to 60°, dry ether added until a faint turbidity appeared, 
and the flask allowed to cool slowly in a current of hydrogen. The 
pinkish-yellow, crystalline precipitate was filtered in an atmosphere 
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of hydrogen, washed with dry ether, and dried in a brisk current 
of hydrogen at 60° * (Found, C=7'1; H,O=10°4; Na=26'8; total 
§=56°2; S evolved as H.S=17°7.+ Na,CS,,H,O requires C=6°97 ; 
H,0=10°43; Na=26-72; total S=55°88; S evolved as H,S=18'63 
per cent.). 

Sodium trithiocarbonate forms very deliquescent needles, which 
have a pinkish-yellow colour, and give a distinctly red aqueous 
lution. This colour, especially in dilute solution, seems to be 
characteristic of all the soluble, true trithiocarbonates, and is 
markedly different from the distinctive yellow colour of the solu- 
tins of the perthiocarbonates. The salt is very soluble in 
water, and dissolves in alcohol much more readily than the potass- 
ium salt, although much less readily than sodium perthiocarbonate. 
lt is insoluble in ether or benzene, both of which liquids precipitate 
it from alcoholic solution. 

It is stable in dry air free from carbon dioxide, but if moisture 
is present it quickly oxidises and decomposes, losing carbon disul- 
phide. The crystals first deliquesce, then lose their colour, and 
become solid owing to the formation of sodium thiosulphate and 
hydroxide, the latter being converted into carbonate in the presence 
of carbon dioxide. The course of the change is probably: 
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de’ This receives confirmation from the fact that such a decomposed 
ther product contains thiosulphate and has an alkaline reaction, and that 
hur Bin the case of the perthiocarbonates nearly pure thiosulphate 
“ee results. Unless the carbon dioxide of the air has access, no 
of carbonate is formed. 
sal On strongly heating, the salt decomposes into sodium sulphide and 
, carbon disulphide. If water is absent, the salt is stable when 
heated in a stream of hydrogen to 60°, but at about 75° carbon 
disulphide begins to escape, the loss, however, not being very great 
even at 100°. A current of dry air, free from carbon dioxide, does 
bil not cause more decomposition of the dry salt than hydrogen. 
a. An aqueous solution remains stable if oxygen and carbon dioxide 
ry are rigidly excluded, but if oxygen is present, loss of carbon disul- 
ind phide ensues with subsequent hydrolysis and oxidation of the 
- sulphides, producing thiosulphate and polysulphide ; the latter then 
d, loses sulphur to any unaltered trithiocarbonate, forming perthio- 
me carbonate, which in its turn loses carbon disulphide and by oxida- 
i, * A little xanthate is formed but remains in the solution (compare Holmberg, 
le J. pr. Chem., 1906, [ii], 73, 239). 
e t “ Polysulphide”’ sulphur and thiosulphate were present in traces only. 
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tion is transformed to thiosulphate; the colour of the solution, at 
first red, becomes yellow and finally vanishes. 

Berzelius (loc. cit.) gave the following equation for the reaction 
between water and trithiocarbonates : 

Na,CS, + 3H,O = Na,CO, + 3H.S. 
It will be shown later that this equation represents the reaction 
only under certain conditions. Sodium trithiocarbonate, when dis. 
tilled with air-free water, excluding air and carbon dioxide, gives 
off hydrogen sulphide and loses all its carbon disulphide, which 
can be recovered as such in the distillate, and the residue contains 
sodium sulphide and its hydrolytic products, but no carbonate and 
only traces of thiosulphate, the latter being due to the presence 
of a small quantity of air. Tarugi (Gazzetta, 1909, 39, i, 405) also 
found this to be the case. If a stream of air free from carbon 
dioxide is drawn through a boiling solution of the trithiocarbonate, 
only a portion of the carbon disulphide can be recovered ; part of it 
becomes converted to the carbonate, and thiosulphate also remains 
in the solution. It was found on experiment that varying amounts 
of the carbon disulphide up to 25 per cent. were thus converted, 
only partial agreement being obtained with Tarugi (/oc. cit.), who 
gives an equation demanding a 50 per cent. conversion: 
2Na,C8, + 2H,O + 40=Na.S,0, + CS, + Na,CO, + 2H.S. 
If an air-free solution of the salt is heated in a sealed tube at 100° 
carbonate is also formed, and on opening the tube much hydrogen 
sulphide, formed on hydrolysis, escapes. The reactions are as 
follows: 
Na,CS,=Na.S+CS,; Na.S+2H,O=2Na0OH + 2H,S; 
6NaOH + 3CS, = Na,CO, + 2Na,CS, + 3H,0. 


The trithiocarbonate formed again decomposes, and the reaction, 
after prolonged heating, reduces to the one represented by the 
equation given by Berzelius. Experiment showed that the reaction 
is never quite complete, the amount of carbonate tending, however, 
to approach the theoretical amount after a long time. If air is 
present thiosulphate and polysulphide are formed as well. It 
should be noted that Chancel and Parmentier (Compt. rend., 1884, 
99, 892) found that on heating carbon disulphide with baryta 
water more barium carbonate is formed than corresponds with the 
equation : 

3C8, + 3Ba(OH), = BaCO, + 2BaCs, + 3H,O, 
and that the reaction should be represented by 

CS, + 2Ba(OH), = BaCO, + Ba(SH), + H,0 ; 


this is in accord with the above explanation, but the barium hydro- 
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sulphide is not hydrolysed to such an extent as in the case of the 
sodium salt. 

Carbon dioxide decomposes both the salt and its solution, form- 
ing the carbonate and carbon disulphide; it is this reaction that is 
responsible for the carbonate found by many investigators. Sulphur 
dioxide converts the salt into the sulphite with loss of carbon 
disulphide. 

A solution of the salt dissolves a constant weight of sulphur, 
namely, one atom of sulphur to one molecule of trithiocarbonate, 
thus confirming the observations of Gélis and Colman. If the salt 
is impure, then the amount of sulphur taken up varies according 
tothe amount of polysulphide that has been formed. This, in con- 
junction with the results of thermochemical experiments to be 
described later, confirms the view of Gélis and Colman that a new 
compound had been formed, differing from the trithiocarbonates in 
entaining an additional atom of sulphur. 


Sodium Perthiocarbonate. 


Sodium (2°3 grams) was dissolved in 40 c.c. of absolute alcohol in 
the same manner and with the same precautions that were taken 
iathe preparation of the trithiocarbonate. To this solution a solu- 
tin of 2°3 grams of sodium in 40 c.c. of alcohol was added, thus 
forming an alcoholic solution of sodium sulphide, which was con- 
verted into the disulphide by the addition of 3°2 grams of sulphur. 
A slight excess of carbon disulphide was added, the colour of the 
slution changing from yellow to red. On addition of ether to this 
perthiocarbonate solution a reddish-yellow oil was precipitated, 
which slowly solidified to a microcrystalline mass of brownish- 
yellow needles. On keeping, the filtrate deposited a further amount 
in nodular aggregates of prismatic, doubly refracting needles. The 
crystalline mass was collected, washed with ether in an atmosphere 
of hydrogen, and finally dried at 60° in a stream of the same gas. 

Alternatively the sodium disulphide required may be prepared 
by the direct addition of sulphur to the sodium hydrosulphide 
without addition of a second molecule of sodium ethoxide, the 
lisulphide being then formed with the evolution of hydrogen sul- 
phide (Rule and Thomas, Joc. cit.). Working in this manner, thic- 
silphate is less likely to be present in the perthiocarbonate produced 
(Found, C=5°2; H,O=22'2; Na=19°6; total S=53°8; “ polysul- 
phide,”” S=13°7; S evolved as H.S=13°7.* Na,CS,,3H,O requires 
(=499; H,O=22°50; Na=19°14; total S=53°37; “ polysulphide,” 
S=13'34; S evolved as H.S=13°34 per cent. Na,CS;,5H,O 


* Thiosulphate present as a trace only. 
o* 2 
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requires C=4°92; H,0=36°86;* Na=18°83; total S=39:39. 
S evolved as H,S=13'13 per cent.). 

The salt is very deliquescent, dissolves readily in water, forming 
a distinct yellow solution (compare trithiocarbonates), and is soluble 
in alcohol, being precipitated therefrom by ether or benzene. 

In dry air, free from carbon dioxide, the salt is stable, but in 
mcist air it quickly decomposes, losing carbon disulphide, the 
residue being oxidised to almost pure thiosulphate (Found, Na= 
19°3; S=25°4. Na,S,0;,,5H,O requires Na=18°55; S=25°80 per 
cent.), the reactions on oxidation being: 

Na,CS,= Na,S,+CS8,; Na,S, +30 +5H,O=Na,8,0,,5H,0. 

On heating, the dry salt behaves in a similar manner to the tr- 
thiocarbonate, except that the disulphide remains in place of the 
monosulphide. 

In the absence of oxygen the aqueous solution remains stable for 
a long time; if air is present the solution loses carbon disulphide, 
and becomes colourless, thiosulphate remaining in the solution. 

On heating the air-free aqueous solution in a sealed tube thic- 
sulphate is always formed owing to the reaction between the poly- 
sulphide sulphur and the hydroxide produced by hydrolysis. n 
cooling, some sulphur separates, and on opening the tube much 
hydrogen sulphide escapes. The reactions are the same as in the 
case of the trithiocarbonate, except that the polysulphide sulphur 
always gives rise to thiosulphate. Finally, after prolonged heating, 
nearly all the perthiocarbonate is converted into the carbonate. 

A solution of the salt distilled in the absence of air loses all 
carbon disulphide, which can be recovered as such in the distillate: 


0°3180 CS, present as perthiocarbonate gave 0°3160 CS, in the 
distillate=99°5 per cent. Carbonate in residue=nil. 


If, however, a current of air free from carbon dioxide is passed 
through the boiling solution, some carbonate is formed, but not to 
the extent demanded by the equation given by Tarugi (Joc. cit.), 
thus: 


0°2820 CS, present as the perthiocarbonate yielded 0°0120 CO,= 
0°0208; CS,=7°4 per cent. conversion. 


Many such experiments were carried out, but the 50 per cent. 
conversion was never attained. In every case, the carbonate formed 
was precipitated as barium carbonate, collected, washed, and treated 
with dilute hydrochloric acid, a little potassium dichromate being 
added to oxidise any sulphide remaining. The carbon dioxide set 
free, after drying, was collected in soda-lime tubes and weighed. 

Carbon dioxide quickly decomposes the salt with the formation of 
a carbonate and sulphur, and the evolution of carbon disulphide 
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‘Bind hydrogen sulphide. Sulphur dioxide completely converts it 
into thiosulphate and sulphur with loss of carbon disulphide: 
2Na,CS, + 380, = 2Na,8,0, + 38 + 2C8,. 

According to the statements of Gélis, the salt should not dissolve 
sulphur ; experiment confirmed this. 

(1) 0:8400 of the salt was dissolved in air-free water and allowed 
to remain, with shaking, for a long time with 0°2000 of sulphur; 
m filtering, washing, etc., sulphur recovered=0-2000=100 per 
cent. 

(2) 0°6530 of the salt and 0°5000 of sulphur; sulphur recovered 
was 0°4930 =98°6 per cent. 

The additional sulphur atom in the perthiocarbonates is readily 
removable by reagents which have a direct action on sulphur, such 
as hydrocyanic acid or sodium cyanide. When excess of the latter 
reagent is added to the pure yellow solution of the perthiocarbonate 
the colour soon changes from yellow to the characteristic red of the 
rithiocarbonates, the additional atom of sulphur being removed 
and converted by the cyanide into thiocyanate. 


Heat Evotvep By CoMBINATION oF CARBON DISULPHIDE WITH 
(a) Soptum Sutpurpe, (>) Soptum DisuLPHIDE. 


It has already been stated that when carbon disulphide is dis- 
slved in a solution of sodium polysulphide, the reaction is quicker 
and more heat is'evolved than when the monosulphide is employed. 
The heats disengaged were determined in an approximate manner 
by employing a simple calorimeter. The results obtained in this 
way, whilst not possessing a high degree of accuracy, give good 
comparative figures. 

The reactions to be considered take place too slowly in aqueous 
wlution to permit of any calorimetric determinations, so that 
absolute alcohol was employed as the solvent. It was found that: 

(1) NaS + CS, + alcohol = NagCS, + alcohol + 5700 cals. 
(2) Na,S, + CS, + aleohol = Na.CS, + alcohol + 8550 cals. 
The reactions : 
NaS + 8 + alcohol = Na,S, +X cals. 
Na,C8, + 8 + aleohol= Na,CS,+ Y cals. 
take place too slowly, and the apparatus at the author’s disposal 
tid not permit of other determinations. It is, however, probable 
that the values of X and Y would not differ very much from those 
found , using water as the solvent. Sabatier (Compt. rend., 1880, 
80, 1557) found that: 
Na,+8+8+aq.=Na,S,aq. + 103,400 cals. 
Na, +S +aq. = Na.Saq. + 102,000 cals. ; 
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therefore : 
Na.S +S + aq. = Na,S,aq. + 1400 cals. 

Assuming that the same evolution of heat occurs in alcoholic 
solution, then Na,CS, +S + alcohol = Na,C§8, + alcohol + 4290 cals. 

Hence, in the formation of the perthiocarbonate by the addition 
of sulphur to the trithiocarbonate, the heat evolved is three times 
that evolved in the formation of the disulphide from the mono. 
sulphide. It therefore appears unlikely that mere solution or 
polysulphide formation has taken place. 


Potassium Trithiocarbonate. 


Two grams of potassium were dissolved in absolute alcohol and 
converted into the hydrosulphide with the same precautions as were 
taken in the preparation of the sodium salt, the temperature of 
the solution being kept at 45—-50° and the proper amount of carbon 
disulphide added. On allowing the solution to cool slowly, a 
yellow, crystalline substance separated, which was collected, washed 
with dry ether, and dried in a brisk current of dry hydrogen at 
about 45° (Found, C=6'1; H,O=1:°0; K=41°6; total S=50°9; 
S evolved as H,S=17°0.* K,CS, requires C= 6-44; K =41-95; total 
S=51°61; S evolved as H,S=17°20 per cent.). 

The salt can thus be considered as anhydrous; further efforts to 
remove the last traces of water resulted in its decomposition. The 
salt behaves in a manner entirely analogous to sodium trithio- 
carbonate, it is less readily soluble in alcohol, but exceptionally 
deliquescent in moist air; aqueous solutions have the typical red 
colour, and are capable of dissolving one atom of sulphur for every 
molecule of the salt. 


Potassium Perthiocarbonate. 


Two grams of potassium were converted into the polysulphide 
with the usual precautions; this was brought to a temperature oi 
40°, and the requisite amount of carbon disulphide added ; on cool- 
ing slowly a yellow, crystalline substance separated (not an oil, as in 
the case of the sodium salt), which was collected, washed with dry 
ether, and dried in hydrogen at 45—50° (Found, C=5'3; H,0=47; 
K=34'6; total S=56°2; “ polysulphide” S=14-0; S evolved as 
H,S=14:1.+ K,CS,3H,O requires C=5:28; H,O=3'96; K= 
34°39; total S=56°37; “ polysulphide” S=14:09; S evolved a 
H,S =14'09 per cent.). 

Attempts to dry the salt further resulted in its decomposition. 


* “ Polysulphide ” and thiosulphate present in traces only. 
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The salt behaves in a similar way to the corresponding sodium com- 
pound ; it is more deliquescent, less readily soluble in alcohol, and, 
like all the perthiocarbonates, will not combine with sulphur. 


Calcium Trithiocarbonates. 


All attempts to prepare the simple trithiocarbonate gave double 
compounds of calcium trithiocarbcnate and calcium hydroxide of 
the type previously described by Sestini (Gazzetta, 1871, 1, 473), 
Walker (Chem. News, 1874, 30, 28), Veley (T., 1885, 47, 478), and 
O'Donoghue and Kahan (T., 1906, 89, 1812). From aqueous solu- 
tions the author obtained reddish-yellow needles of the composition 
3Ca(OH),,CaCS,,9H,0, and from alcoholic solutions similar needles 
ecrresponding with the formula Ca(OH),,CaCS;,2H,O. These basic 
compounds are more stable than the trithiocarbonates of sodium 
and potassium, probably because they are less hygroscopic ; in other 
respects they behave in a similar manner. It may be pointed out 
that in the case of these basic salts it is scarcely possible to decide 
on the evidence of the elementary analysis alone, whether they 
consist of basic trithiocarbonates or basic perthiocarbonates; to 
decide this point, the amount of sulphur evolved as hydrogen sul- 
phide or precipitated as sulphur on the addition of acid must be 
determined, as well as the total sulphur. The colour of the dilute 
sclution and its action on sulphur afford further evidence. The 
compounds described above evolve one-third of their sulphur as 
hydrogen sulphide on acidification, give no polysulphide sulphur in 
dilute solution, have the characteristic colour of the trithiocarbon- 
ates, and dissolve sulphur, forming the yellow perthiocarbonate 
sclution. 


Calcium Perthiocarbonates. 


Pure lime was converted into an aqueous solution of the poly- 
sulphide with the usual precautions, the polysulphide then con- 
verted to the perthiocarbonate by the passage of a stream of hydro- 
gen saturated with carbon disulphide vapour, and on evaporating 


as in 
. dry the solution in a vacuum dark red needles were deposited (Found, 
47:9 C=2°2; H,O=34'6; Ca=24°4; total S=26°4; polysulphide S=6-7 ; 
das S evolved as H,S=6°6.* CaCS,,2Ca(OH),.,8H,O requires C=2°54; 


H,O=38'14; Ca=25°43; total S=27'12; polysulphide S=6°78; 
8 evolved as H.S=6-78 per cent.). 

If alcoholic sclutions were employed, addition of ether precipi- 
tated oils which took a long time to crystallise; the crystals dis- 


* Thiosulphate present as a trace only. 
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solved in water, forming yellow solutions, which gave the reactions 
for the perthiocarbonates, but contained large and varying amounts 
of thiosulphate. On drying in a vacuum or in a current of hydro. 
gen, they decomposed, leaving a residue of hydrated calcium 
polysulphides. 


Barium Trithiocarbonate. 


Veley (T., 1886, 49, 369) states that although barium trithio 
carbonate exists as a yellow substance, yet owing to its instability 
he was unable to analyse it. Holmberg (/oc. cit.), by the action of* 
barium chloride and formaldehyde on a freshly prepared solution of 
potassium trithiocarbonate, obtained a yellow, amorphous substance, 
the analysis of which agreed with the formula BaCS,. In view of 
these facts Veley’s experiments were repeated. 

An aqueous solution of barium hydrosulphide was prepared from 
the hydroxide with the usual precautions, and this converted to the 
trithiocarbonate by passage of hydrogen saturated with carbon 
disulphide. Addition of alcohol to this red solution precipitated a 
yellow substance, which was collected and dried in a current of 
hydrogen or in a vacuum (Found, C=4'9; Ba=55°8; total S= 
39°4; S evolved as H,S=13°7; polysulphide S=0°3; S as thiosul- 
phate=0°4. BaCS, requires C=4°90; Ba=55°95; total S=39'15; 
8 evolved as H.S=13°05 per cent.). 

This compound can also be prepared in a slightly different way 
by suspending barium hydroxide free from carbonate in alcohol and 
removing the air with hydrogen ; on passing a stream of hydrogen 
saturated with carbon disulphide vapour, the barium hydroxide 
finally disappears, and a yellow precipitate remains, which is 
collected and dried in a vacuum (Found, C=5:2; Ba=560; 
S=39°0* per cent.). 

The yellow substance formed in either way is microcrystalline, 
insoluble in alcohol, and sparingly soluble in water, giving a red 
solution. Berzelius noted that the dilute solution was red, but 
thought that the proper colour was yellow. Contrary to the state- 
ments of Veley, the salt is comparatively stable, for whereas all 
the other trithiocarbonates gradually decompose when kept in a 
stoppered bottle, the barium salt remains unchanged for a very 
long time, this being probably due to the fact that it is less 
hygroscopic than the other salts. 

A solution of the salt dissolves one atom of sulphur for each 
molecule of barium trithiocarbonate, the colour changing from red 
to yellow, for example: 

(1) 0°6040 BaCS, was dissolved in air-free water, the vessel being 


* Thiosulphate and polysulphide were present in traces only. 
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jlled to the cork, 0°5500 pure sulphur added, and the vessel allowed 
to remain with continual agitation for a long time. After filtering, 
dc., the sulphur remaining was 0°4640. Sulphur dissolved = 
0860 =14°2 per cent. of the BaCS,. 

(2) BaCS, taken 1°9360; S dissolved 0°2590=13'5. BaCS, by 
theory can take up S=13°04 per cent. 

The variation from the theoretical is due to the fact that the 
slts used were not completely pure; the solution obtained from the 
latter experiment was mixed with sulphur, and after eight weeks 
the extra sulphur dissolved was only 0:0020 gram. 

Barium trithiocarbonate behaves in a similar manner to the 
sdium salt on heating both when dry and in aqueous solution, and 
in its behaviour towards acids, ete. 


Barium Perthiocarbonate. 


It was found, as stated above, that a solution of barium trithio- 
aarbonate will dissolve one atom of sulphur per molecule, and 
experiments showed that a solution of barium hydrosulphide with 
the necessary sulphur to correspond with the formula BaS, (this 
empound has not been isolated) would dissolve carbon disulphide 
mere readily and with greater evolution of heat than if the hydro- 
sulphide were employed. This is in conformity with the results 
obtained with the other sulphides and polysulphides; it seemed 
reasonable to conclude, therefore, that the perthiocarbonate existed, 
at least in solution. All attempts to isolate the solid failed ; alcohol 
plecipitated a mixture of sulphur and more or less pure trithio- 
carbonate; on evaporation of solutions which should contain per- 
thiocarbonate in a vacuum, oxidation always took place with the 
formation of white crystals (Found, Ba=51l4; S=24°5. 
Ba,S,0,,H,O requires Ba=51°39; S=23°93 per cent.). 


Strontium Trithiocarbonate. 


’ Ten grams of strontium hydroxide were suspended in 60 c.c. of 
% per cent. alcohol and converted into the hydrosulphide by passing 
hydrogen sulphide, the temperature being kept at about 70° and 
ait being excluded as usual. Carbonate, which was always present, 
was removed by {filtration in an atmosphere of hydrogen; a slight 
excess of carbon disulphide was added to the filtered solution, which 
was allowed to remain with exclusion of air for thirty minutes at 
40°. Addition of ether to this solution precipitated dark red 
needles which became yellow on drying in a vacuum (Found, 
C=44; H.O=27-0; Sr=32°6; total S=36'1; S evolved as H,S= 
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12°8.* SrCS,,4H,O requires C=4:48; H,O=26°89; Sr=32-71. 


total S=35°92; S evolved as H,S=11°'97 per cent.). 
Strontium trithiocarbonate is much more readily soluble in water 
than the barium or basic calcium salts. 


Strontium Perthiocarbonate. 


Ten grams of strontium hydroxide were suspended in alcohol and 
converted into the hydrosulphide as above. The calculated amount 
of sulphur was added to form the disulphide, which was then con. 
verted into the perthiocarbonate by addition of carbon disulphide. 
Addition of ether to the alcoholic solution precipitated a red oil, 
which crystallised after some time, forming yellow crystals, which 
were collected, washed with ether, and dried in a vacuum (Found, 
C=2°7; H.O=39°0; Sr=23°7; total S=34°5; polysulphide S=84; 
S evolved as H,S=8-4.+ SrCS,,8H,O requires C=3°22; H,0= 
38°73 ; Sr= 23°56; total S=34°49; polysulphide S=8°62; S evolved 
as H,.S=8°62 per cent.). 

The yellow crystals dissolve readily in water, forming a yellow 
solution which is incapable of dissolving sulphur ; they are soluble 
in alcohol, and precipitated by ether as a red oil which requires 
some time to crystallise (compare potassium and sodium perthio 
carbonates). 


Magnesium Tri- and Per-thiocarbonate. 


Berzelius (loc. cit.) prepared magnesium trithiocarbonate by mix- 


ing solutions of barium trithiocarbonate and magnesium sulphate, 
the barium sulphate being filtered off and the solution evaporated 
in a vacuum; he obtained the salt in citron-yellow crystals which 
readily formed basic salts. On repeating these experiments, adding 
the calculated amount of magnesium sulphate to solutions contain- 
ing (a) barium trithiocarbonate, (4) barium trithiocarbonate with 
the requisite amount of sulphur corresponding with BaCS,, and 
filtering, solutions were obtained containing magnesium trithio- and 
perthio-carbonate respectively. The trithiocarbonate solution was 
red and capable of dissolving one atom of sulphur for each molecule 
of the trithiocarbonate. The perthiocarbonate was yellow and 
incapable of dissolving sulphur. On evaporating these solutions in 
a vacuum, yellow substances were obtained, which were basic, but 
very impure, containing variable and large amounts of thiosulphate 

If magnesium oxide is suspended in alcohol and hydrogen sul: 
phide saturated with carbon disulphide vapour passed in for a long 


* Polysulphide and thiosulphate present in traces only. 
t Thiosulphate present as a trace only. 
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time with exclusion of air, then on filtering and precipitating with 
ether a crystalline substance is obtained which appears to be the 
trithiocarbonate. In a similar manner the perthiocarbonate is 
formed by employing a mixture of magnesia and sulphur. 


Ammonium Trithiocarbonate. 


Ammonia, dried by passing over quicklime, was dissolved in 
alcohol forming a 20 per cent. solution, and this solution was satur- 
ated with dry hydrogen sulphide; after warming to 35—40° and 
simultaneously passing hydrogen to exclude air, a slight excess of 
carbon disulphide was added and then dry ether until a permanent 
turbidity was produced. On allowing the solution to cool slowly, a 
red, crystalline substance separated, which was collected in hydro- 
gen, washed with dry ether, and dried as completely as possible at 
the ordinary temperature in a current of hydrogen (Found, 
C=7'5; NH,=25°8*; total S=65°7; S evolved as H,S=23°1.} 
(NH,)oCS, requires C=833; NH,=24°96; total S=66°71; S 
evolved as H,S = 22°27 per cent.). 

The salt is soluble in water, giving the typical red solution of 
the trithiocarbonate; the aqueous solution dissolves sulphur, one 
atom for each molecule of the salt; it is more readily soluble in 
alcohol than the perthiocarbonate, and is precipitated from solution 
by ether. The salt gradually decomposes at the ordinary tempera- 
ture, first losing carbon disulphide (the analysis shows that the salt 
has lost some carbon disulphide), forming ammonium sulphide, 
which in its turn becomes dissociated into ammonia and hydrogen 
sulphide ; on keeping for some time thiocyanate is also formed. 

On heating the freshly prepared dry salt in hydrogen at 100° it 
completely dissociates, leaving no residue. Aqueous solutions of the 
salt are very unstable, easily losing carbon disulphide, hydrogen 
sulphide, and ammonia, in addition to which oxidation takes place 
as with the other trithiocarbonates. On boiling an aqueous solution 
in an open vessel this change takes place rapidly, very little 
thiocyanate and no carbamide being formed. 


Ammonium Perthiocarbonate. 


A 20 per cent. alcoholic solution of dry ammonia was converted 
into the hydrosulphide and the exact amount of sulphur added to 


* The carbon was estimated by heating with alcoholic ammonia in a sealed 
tube at 100° and determining the thiocyanate formed. In the NH, deter- 
mination the salt was first heated for a short time with concentrated sulphuric 
acid, since the ordinary procedure would cause formation of thiocyanate. 

t Thiosulphate, polysulphide, and thiocyanate were present in traces only, 


52 YEOMAN: TRITHIOCARBONATES AND PERTHIOCARBONATERS, 


convert it into the disulphide, (NH,),S,, all the operations being 
made in the absence of air. On addition of carbon disulphide the 
perthiocarbonate was immediately precipitated as a yellow, crystal- 
line solid. The crystals were collected, washed with dry ether with 
the usual precautions, and the ether was removed as completely as 
possible in a current of hydrogen at the ordinary temperature 
(Found, C=6°3; NH,=18°2; total S=66°0; polysulphide S=17°0, 
8 evolved as H,S=16°3. (NH,),CS,,H,O requires C=6°18; H,O= 
9°26; NH,=18°53; total S=66°03; polysulphide S=16-51; § 
evolved as H,S=16°51 per cent.). 

On allowing an alcoholic solution of ammonium perthiocarbonate 
to evaporate slowly at the ordinary temperature, well-defined, trans- 
parent crystals of the monosymmetric or asymmetric systems were 
obtained, some of them being 10 mm. long, 7 mm. wide, and 2 mm. 
thick (Found, C=7°3; H=4'7; N=15°3; total S=73-0; polysul- 
phide S=185; S evolved as H,S=17'7. (NH,).CS, requires 
C=6°81; H=457; N=15°88; total S=72°74; polysulphide S= 
18°18; S evolved as H,S=18°18 per cent.). 

The salt is very readily soluble in water, forming a yellow solution 
which is incapable of dissolving sulphur, but not very easily so in 
alcohol, being precipitated therefrom by ether. It behaves in a 
very similar manner to the trithiocarbonate, losing carbon disul- 
phide, hydrogen sulphide, and ammonia at the ordinary tempera- 
ture, the residue becoming richer in sulphur. It completely decom- 
poses when heated at 100° in a stream of hydrogen, leaving a residue 
of sulphur. At the ordinary temperature aqueous solutions are 
only very slowly converted into the thiocyanate, excess of ammonia 
hastening the reaction. As with the trithiocarbonate, the conver- 
sion to thiocyanate is complete if the salt is heated in a sealed tube 
with alcoholic ammonia at 100°. 

The solutions of both ammonium trithiocarbonate and _perthio- 
carbonate are very unstable, partly because of the well-known 
change which ammonium trithiocarbonate undergoes, whereby it 
loses hydrogen sulphide in two stages, passing successively into 
ammonium dithiocarbamate and ammonium thiocyanate, and partly 
on account of the ready manner in which it undergoes complete 
dissociation into ammonia, hydrogen sulphide, and carbon disul- 
phide. This dissociation occurs so readily at the ordinary tempera- 
ture that even inert gases, such as hydrogen and nitrogen, when 
passed through solutions of the ammonium thiocarbonates contain- 
ing less than 0°1 per cent. of carbon disulphide, take up the latter 
to the extent of 1-1 milligrams per litre (50 grains per 100 cubic 
feet). 
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Trithiocarbonic and Perthiocarbonic Acids. 


Many investigators have found that solutions of the thiocarbon- 
ates on treatment with acid yielded a reddish-yellow oil, which 
won decomposed, giving off carbon disulphide and hydrogen sul- 
phide, and was supposed to be trithiocarbonic acid, H,CS;. 
Q’Donoghue and Kahan (T., 1906, 89, 1812) determined the 
sulphur in the dry oil, and found that it agreed with the formula 
H,CS,, but concluded that the oil was a solution of sulphur in 
trithiocarbonic acid, basing their conclusions on the results of 
partial analyses of salts prepared from the acid oil. The author was 
wable to confirm their results, but found that pure trithiocarbon- 
ates yielded no oil on addition of acid at 0°, provided oxygen was 
completely excluded ; if oxygen had access or if sulphur or thiosul- 
phate was added to the solution, then the insoluble oil was slowly 
farmed on addition of acid, the amount varying and depending on 
the extent to which oxygen had access or to the quantity of thio- 
sulphate or sulphur present. Crude thiocarbonates and pure per- 
thiocarbonates, on treatment with acid, yield an oil immediately at 
the ordinary temperature. The oils obtained in the several cases 
were converted into salts, great precautions being taken to exclude 
oxygen ; complete analyses of these partly dried salts showed them 
all to be perthiocarbonates. The formation of perthiocarbonates 
will equally take place, whether the oil is H,CS, or H,CS,;+8, but 
in conjunction with the above it appears likely that the insoluble 
red oil is perthiocarbonic acid, H,CS,, and that trithiocarbonic 
acid, HjCS., exists and is soluble in water, for otherwise addition of 
acid to a cold solution of a pure trithiocarbonate will cause the 
separation of the almost insoluble carbon disulphide, which separa- 
tion has not been observed. When oxygen has free access, perthio- 
carbonate will be produced, as shown earlier in this paper; and if 
thiosulphate or sulphur is present, the trithiocarbonate will take 
up sulphur direct or from the thiosulphuric acid formed on the 
addition of acid, in both cases forming the perthiocarbonate and 
thence the perthiocarbonic acid. 


Colour and Constitution of the Trithiocarbonates and 
Perthiocarbonates. 


The alkyl derivatives of orthothiocarbonic acid and the numerous 
derivatives of carbonic acid, in which one or two oxygen atoms are 
displaced by sulphur, are colourless. A priori, it would be expected 
that the trithiocarbonates would also be colourless, whereas, in fact, 
even when quite free from perthiocarbonates they have a deep 
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yellow colour. Whether this colour would persist if the salts were 
completely anhydrous could not be determined owing to the loss of 
carbon disulphide on prolonged drying, but the anhydrous alky| 
esters are all strongly coloured yellow liquids or deep yellow, 
crystalline solids. Chancel (Jahresber., 1851, 513) describes the 
alkyl potassium and alkyl sodium salts of trithiocarbonic acid as 
cclourless, crystailine solids; Holmberg (/. pr. Chem., 1906, [ii], 73, 
239) describes them as yellow substances. On repeating Chancel’s 
experiments, the author obtained yellow, crystalline substances 
wkich were far from pure. 

The capacity for the direct combination with sulphur appears to 
be confined to those derivatives of carbonic acid in which all three 
oxygen atoms are displaced by sulphur, for example, neither sodium 
xanthate nor ammonium dithiocarbamate is capable of combining 
with sulphur. Ethyl trithiocarbonate, (C,H;),CS,, does not combine 
with sulphur forming the perthiocarbonate, but dissolves sulphur in 
amounts varying with the temperature. In fact, it was not found 
pessible to prepare ethyl perthiocarbonate, although, as shown by 
Berend (Annalen, 1865, 128, 333), the alkyl esters are capable of 
forming additive compounds with one molecule of bromine, which 
are well-defined, crystalline substances. In many ways the relation 
of the trithiocarbonates to the perthiocarbonates is analogous to 
that of the metallic sulphides to the polysulphides. There are 
certain differences, however, the heat of formation of the combina- 
tion of trithiocarbonate with sulphur being three times that of the 
formation of disulphide from monosulphide, and whereas the tri- 
thiocarbonates can only combine with one extra atom of sulphur, 
the sulphides can combine with as many as five or six. 


In conclusion, the author wishes to record his indebtedness to 
Dr. H. G. Colman, both for valuable advice and for the opportunity 
of carrying out this work. 

CuEemicaL LABORATORY, 


1, ARUNDEL STREET, 
Srranp, W.C.2. (Received, November 3rd, 1920.] 
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IV.—The Bromine Compounds of Phenanthrene. 
Part I. 


By Hersert HEns'0ck. 


Wuen it is considered that phenanthrene is one of the principal 
aromatic hydrocarbons derived from coal-tar, it seems strange that 
up to now almost the only commercial use to which it has been put 
is the production of lamp black, by its destruction. Several of the 
alkaloids, notably morphine, apomorphine, and thebaine, have the 
phenanthrene molecule as the chief basis of their structure, and 
the hydrocarbon should also be a fruitful source of colouring 
matters. One of the chief reasons why its value has not been more 
appreciated is undoubtedly the very meagre knowledge which we 
have of its more common compounds. Its halogen derivatives offer 
a promising field for inquiry. 

The number of possible isomeric bromophenanthrenes is large, 
although few have been already described, and still fewer thor- 
oughly investigated. 

Of the five possible monobromo-derivatives, only 9-bromophen- 
anthrene (m. p. 63°) is known (Hayduck, 4 nnalen, 1873, 167, 181). 
Of the twenty-five possible dibromo-derivatives only six are known, 
namely, the 2:7 (m. p. 199—200°; Hayduck, Joc. cit. ; Schmidt and 
Mezger, Ber., 1907, 40, 4562), the 9:10 (m. p. 181—182°; Hay- 
duck, Joc. cit.; Schmidt and Ladner, Ber., 1904, 37, 4404), the 3:9 
(m. p. 146°; Zetter, Ber., 1878, 11, 170; Schmidt and Ladner, Ber., 
1904, 37, 3571; Sandqvist, Ber., 1920, 53, [B], 168), the 4:9 (or 10) 
(m p. 113°, Werner, Annalen, 1902, 321, 331), the 10:(1, 4, 5 or 8) 
(m. p. 123°, Sandqvist, Ber., 1915, 48, 1146), and a dibromo-deriv- 
ative melting at 202° (Annalen, 1873, 167, 182). With the excep- 
tio of two or three imperfectly described ones, nothing is known of 
the sixty-one possible tribromo-derivatives. In brominating phen- 
authrene, the 9:10-positions are those most readily attacked, and 
this dibromide is very unstable, decomposing at 100° with the evolu- 
ti of hydrogen bromide and the formation of the 9-bromo-deriv- 
ative (Hayduck, Joe. cit.). 

In the course of this work a 2(?)-bromophenanthrene dibromide 
(I) was isolated, which decomposed exactly as in the case of Hay- 
i dibromide (Joc. cit.), leaving a 2(?) :10-dibromophenanthrene 

CHBr-CHBr mins CH—CBr 
C;H,—C,H,Br C,H ,°C,H,Br 
(I.) (II.). 


+ HBr 
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This will probably be found to be a general reaction for com. 
pounds of this kind. 

The preparation of the 9-bromo-derivative has been improved by 
Austin (T., 1908, 94, 1762) by using carbon tetrachloride as 
diluting medium. A systematic examination of the reaction jn 
this diluent has been made by the author by using varying amounts 
of bromine. With two atoms Austin’s results were confirmed, 
Three yielded 28 per cent. of the 9-bromo-derivative and 23 per 
cent. of 2(?)-bromophenanthrene dibromide, whilst four atoms gave 
31 per cent. of the 9-bromo-derivative, together with 30 per cent. of 
2(?)-bromophenanthrene dibromide, which decomposed to 23 per 
cent. of the 2(?):10-dibromo-derivative melting at 162°. The 
dibromo-derivative having the nearest melting point (158°) to this 
is that of Zetter (Joc. cit.), but his is readily soluble in alcohol, and 
crystallises only in plates, whereas the new one is soluble in alcohol 
only on boiling, and crystallises most readily in needles, but is 
dimorphous and can also be obtained in plates. 

The proof of the position of the bromine atom in position 10 is 
shown by the formation of a phenanthrone on oxidation. Normally, 
phenanthrene, or its compounds having the 9:10-positions unoccu- 
pied, yield o-quinones, but in this instance only one oxygen atom 
was found in the oxidised product, indicating that one of thes 
positions was already occupied. The reaction may be represented 
thus: 

CH—CBr on CO-—-CHBr 
C,H,°C,5, Br C,H,-C,H,Br 
(IIT.) 

The phenanthrone yielded a monoxime, but no dioxime, as would 
have been the case had the 9:10-positions been occupied by oxygen. 
Additional evidence was forthcoming on nitration, where exactly 
analogous conditions hold; a mononitrate, but no dinitrate, was 
obtained. It may therefore be concluded that position 10 38 
occupied by one of the bromine atoms. 

In an attempt to prove the position of the second bromine atom 
the evidence was of a negative character. If we consider the pos: 
tions 1, 2, 3, and 4 which it might occupy, number 3 is excluded, 
because Sandqvist (Joc. cit.) describes a dibromophenanthrene melt 
ing at 143°, which he demonstrates to be the 10 :3(or 6)-derivative. 
Of the remaining positions, 2 was chosen for attack. 2-Ethoxypher- 
anthrene was subjected to exactly the same conditions of exper 
ment, in which the dibromo-derivative melting at 162° was formed. 
The sole product was the 10-bromo-2-ethoxyphenanthrene, so that 
when position 2 is occupied, the bromine enters the bridge only; 
from this it might be inferred that the second bromine atoll 
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“Bccupies position 2, but this evidence cannot be taken as conclusive, 
ad the matter is still under investigation. 


ExPERIMENTAL. 


2(?)-Bromophenanthrene Dibromide (1). 


A solution of 32 grams of dry phenanthrene in 50 c.c. of dry 
arbon tetrachloride was treated with 57°4 grams (4 atoms) of 
previously dried bromine in 50 c.c. of the same solvent. After 
forty-eight hours 11 grams of pale yellow crystals had formed, 
vhich were found to be 9:10-dibromophenanthrene. The filtrate 
yas evaporated to dryness in a current of dry warm air, no heat 
being applied, when a yellow, crystalline solid remained. On extrac- 
tim with three successive portions of cold light petroleum, part 
dissolved, leaving 10 grams of a pale yellow substance, which crys- 
lallised from glacial acetic acid in long, flat, lemon-yellow needles 
melting and decomposing at 100—102 (Found, Br=57°64. 
(,,H,Br, requires Br=57°55 per cent.). 
| The bromine, evolved as hydrogen bromide, was estimated by 

heating to 110° and passing the gas into silver nitrate solution 

Found, Br=18°79. C,,H,Br,(less HBr) requires Br=19°10 per 
cent.). 

The compound can be boiled in glacial acetic acid solution with- 
out change, but it gradually decomposes into the dibromo-derivative 
and hydrogen bromide if exposed to a warm atmosphere. 


2( 2) :10-Dibromophenanthrene (II). 


After heating 10 grams of the preceding compound at 100° until 
all hydrogen bromide ceased to be evolved, it yielded 8 grams of a 
white solid, which crystallised from a concentrated solution in boil- 
ing alcohol in long, slender, colourless needles, forming throughout 
the liquid. On allowing the filtrate to remain, no needles appeared, 
but very small, colourless plates formed on the sides of the dish. 

lese were again crystallised from a concentrated, boiling, alco- 
dlic solution, when they separated in needles like the first crop. 
he needles (first crop), on the other hand, separated from a dilute 
lution in boiling alcohol in plates. The needles melted at 162°, 
the plates at 161° (Found [needles], C=50°00; H=2-68; Br= 
468; [plates], C=49°83; H=2°43. C,,H,Br, requires C=50-00; 
‘B=2°35 ; Br=47°61 per cent.). 

The plates were found to be triclinic, and the needles rectangular. 
he substance is therefore dimorphous. When kept for some months 
he needles gradually break down into plates. 
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2(?):10-Dibromophenanthrene is fairly readily soluble in glacial 
acetic acid, ether, acetone, chloroform, or benzene, less so in light 
petroleum or alcohol, and insoluble in water. The solubility of the 
plates in ether, acetone, or glacial acetic acid is slightly less than 
that of the needles, whilst the latter dissolve in alcohol rather les 
readily than the plates; in other solvents their solubilities are 
alike. Both plates and needles yield the same phenanthrone and 
the same nitro-compound. 


2(?):10-Dibromophenanthrone (III). 


Two grams of the above dibromo-derivative dissolved in 120 ee. 
of glacial acetic acid were oxidised by heating for two hours with 
an equal weight of chromium trioxide. If the solution becomes 
eeld, yellow crystals appear, but a better yield is obtained by cool- 
ing to about 30° and pouring into water. The precipitate (19 
grams) crystallised from alcohol in slender, lemon-yellow needles 
melting at 203° (Found, C=47°64; H=2°50. C,,H,OBr, requires 
C=47'72; H=2:27 per cent.). 

The compound is not so soluble in alcohol, ether, or glacial acetic 
acid as in most of the other organic solvents. Analyses of the 
substance prepared from both the plates and needles of the dibromo- 
derivative gave concordant results. It dissolves in warm concen- 
trated sulphuric acid with a dark, greenish-blue colour, and is 
reprecipitated on dilution with water. 

The monoxime is readily formed by boiling for three hours a 
1 per cent. alcoholic solution of the substance with two-fifths of its 
weight of hydroxylamine hydrochloride. After evaporating the 
alcohol, the residue is boiled for some minutes with water and is 
then left as a greenish-yellow powder, the yield being quantitative. 
It crystallises from benzene in bulky, dull yellow, hair-like crystals, 
which shrink considerably on drying, and melt and decompose at 
239° (Found, N=4°05; Br=43°44. C,,H,ONBr, requires N=3°81; 
Br=43°59 per cent.). 

Although very readily soluble in ether, acetone, or alcohol it is 
insoluble in cold benzene. It does not form an anhydride when 
treated with alcoholic potassium hydroxide. 


C(NO,):CBr 
C,H,—--C,H,Br’ 


2(?) :10-Dibromo-9-nitrophenanthrene, 


A 1 per cent. solution of 2(?):10-dibromophenanthrene in glacial 
acetic acid is heated to 60--70°, and then cold, fuming nitric acid 
added until a slight permanent cloudiness remains; the solution is 
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jrally boiled for five minutes, and, on cooling, silky crystals (75 per 
cent. yield) are deposited, which separate from alcohol in lemon- 
yellow, feathery needles melting at 188° (Found, N=3°39. 
(,,H,O.NBr, requires N=3°61 per cent.). 

The nitro-compound is very readily soluble in chloroform or 
benzene, but in acetone or alcohol only on boiling. On further 
addition of nitric acid or continued boiling of the mixture, no 
dinitro-derivative was formed, although several attempts were made 
to obtain this; therefore the bromine atom in position 10 is not 
readily displaceable by the nitro-group. 

A similar type of compound, namely, 9-bromo-10-nitrophen- 
anthrene, has been prepared by Schmidt and Ladner (loc. cit.). 


NH,)- CBr 
—{, H,Br 


The reduction of the nitro-compound was effected by boiling for 
one hour with tin and hydrochloric acid. The amine was washed 
with hot water, dissolved in warm alcohol, and the solution 
filtered. On pouring this into much water, a brown, flocculent 
precipitate was obtained, which, when dry, was extracted with a 
little cold chloroform. The pale brown solid (35 per cent. yield) 
crystallised from dilute alcohol in colourless needles melting at 177° 
(Found, N=4°08. C,,H,NBr, requires N =3°98 per cent.). 

The substance is very readily soluble in the usual solvents except 
light petroleum, ether, or chloroform, although it does not crystal- 
lise readily from these. On prolonged exposure to light it gradually 
turns brown. It dissolves on boiling with dilute sulphuric acid, 
and, on cooling, flocculent crystals of the hydrogen sulphate appear. 

The acetyl derivative was prepared by heating the amine with 
twenty times its weight of acetic anhydride at 130—140° for six 
hours. The cold solution was poured into water, and the resulting 
white, granular solid, after being washed with dilute sodium hydr- 
oxide solution and then with warm water, crystallised from boiling 
alcohol in colourless, flat, tetragonal plates melting at 202°. The 
yield was 80 per cent. of the theoretical (Found, C=48°81; H=3°01. 
C,H, ONBr, requires C=48-85; H=2°80 per cent.). It is very 
readily soluble in cold chloroform, but dissolves in ether or alcohol 
only on boiling. 


2( 2): 10-Dibromo-9-aminophenanthrene, x A, 


Action of Alcoholic Potassium Hydroxide on 2(*%):10-Dibromo- 
phenanthrene. 


When the dibromo-compound (one-fifth of the weight of the 
potassium hydroxide) is gradually added to 10 per cent. alcoholic 
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potassium hydroxide and the solution boiled for four hours, the 
liquid becomes reddish-purple and deposits a 90 per cent. yield of 
a blood-red precipitate, which is insoluble in water and all the usual 
organic solvents, with the exception of carbon disulphide and 
benzene, in which it is sparingly soluble. It crystallises from the 
latter in small, brilliant scarlet needles, which do not melt below 
350°. Its composition was not indicated by analysis (Found, 
C=52'27; H=3-'03 per cent.). 

It leaves no residue on burning, and is not acted on by strong 
acids or alkalis in the cold, but is decomposed by the former on 
boiling. It is oxidised by chromium trioxide, yielding a clear, 
yellow solution, which on neutralisation with sodium hydroxide 
gives a yellow precipitate. The product is therefore not a quinone, 
neither is the red substance. This is further shown by the fact that 
neither gives an oxime. The scarlet substance contains bromine. 
9-Bromophenanthrene does not yield a red compound. 


A Dibromo-hydrocarbon, C,,H,,Bro. 


The three portions of light petrcleum extract from the bromina- 
tion of phenanthrene (p. 57) were united and evaporated to dry- 
ness, leaving a pale brown oil, which solidified after twenty-four 
hours and crystallised from alcohol in pale yellow needles melting 
at 216° (Found, C=53°64; H=4°04. C,,H,,Br, requires C=53'68; 
H=4'21 per cent.). 

The compound contains bromine, and is evidently a dibromo- 
derivative of a hydrocarbon, occurring as an impurity in the 


phenanthrene. 


—CBr 
10-Bromo-2-ethory phenanthrene, ee 


2-Ethoxyphenanthrene (T., 1906, 89, 1527) was brominated 
under exactly the same conditions as when 2(?):10-dibromo- 
phenanthrene was formed. The product, when heated at 100° 
evolved hydrogen bromide and left a yellowish-white mass, which 
crystallised from glacial acetic acid in small, colourless leaflets 
(81 per cent. yield), melting at 148—149° (Found, C=63'87; 
H=4772; Br=26°34. C,,H,,OBr requires C=63°78; H=4'3?2; 
Br= 26°57 per cent.). It is very readily soluble in the usual solvents 
except methyl alcohol and glacial acetic acid. 

Since bromine attacks the 9 and 10 positions most readily, it is 
reasonable to suppose that these have been entered, and the fact 
that hydrogen bromide is evolved on heating the crude product 


BHATNAGAR: STUDIES IN EMULSIONS. PART Il. 61 


yould substantiate this view, a 9:10-dibromide being first formed 
and decomposing into the above substance and hydrogen bromide, 
just as in the case of Hayduck’s dibromide (loc. cit.). Further 
eidence is afforded by the fact that 9:10-dinitro-2-ethoxyphen- 
anthrene is not attacked by bromine under the same experimental 
conditions. 


9 :10-Dinitro-2-ethoxyphenanthrene, ie 34 NO, 


—C,H,‘OEt’ 


The dinitro-compound was prepared by treating a 3 per cent. 
gacial acetic acid solution of the ether with fuming nitric acid 
util a permanent cloudiness appeared, and then adding a slight 
excess, boiling for fifteen minutes, and allowing to remain for 
twenty-four hours. On pouring into water the dinitro-compound 
was precipitated, and was dried at 105°. After extracting with a 
little cold benzene, the residue crystallised from the same boiling 
wivent in pale yellow, shining, rhombic prisms melting at 247° 
(Found, N=9°66. C,,H,O;N, requires N=9°46 per cent.). 

It is readily soluble in chloroform, but not in carbon tetra- 
chloride. It burns very easily with a small flash, leaving no 
residue. 


The author wishes to express his thanks for grants from the 
Research Fund of the Chemical Society and from the Government 
Grant Committee of the Board of Trade, towards the cost of the 
materials used in the work. 
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\—Studies in Emulsions. Part II. The Reversal 
of Phases by Electrolytes, and the Effects of Free 
Fatty Acids and Alkalis on Emulsion Equilibrium. 


By Suantr Swarupa BuHatnacar. 


luz study of the effects of electrolytes on emulsion equilibrium 
s undoubtedly of great importance for the elucidation of the 
uechanism of emulsification, but unfortunately very little quanti- 
lative data is available on the subject. The work of Clowes (J. 
Physical Chem., 1916, 20, 445) is restricted to a particular type 
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of emulsion, in which the volumes of the two phases are always 
equal. In a previous paper (T., 1920, 117, 549), this work of Clowes 
has been discussed. Subsequent work on the problem has shown 
that the procedure of using alkaline solutions and free fatty acids 
in oils employed by Clowes is not quite satisfactory. When dilute 
solutions of alkalis are used, a comparatively large amount of free 
fatty acid in the system is left unneutralised. 

The presence of free fatty acid or free alkali makes the system 
more complex. In addition, they seem to have a definite effect on 
the emulsion equilibrium, as will be shown later. Really com- 
parable results can only be obtained and repeated by employing 
neutral oil and soap solutions. 


ExPERIMENTAL. 


In all experiments described in this paper, various soaps were 
used instead of different alkalis. Sodium oleate and potassium 
stearate were obtained from Kahlbaum. The lithium stearate was 
a sample prepared by Sir William Ramsay, and preserved in this 
laboratory. Sodium linoleate and other soaps were prepared in 
the manner advocated by MacBain (Trans. Faraday Soc., 1913, 
9, 99). The electrolytes were pure chemical reagents (excepting 
nickel nitrate), and were recrystallised before making up the 
solutions. 

In order to ensure identical conditions for repeating the observ- 
ations, the time for shaking, the volume of the phases, and the 
size and other conditions of vessel were always kept alike. It was 
found that under these conditions, with carefully cleansed vessels, 
the observations could be repeated with a fair degree of accuracy. 
The emulsions were prepared in wide-mouthed bottes, and the type 
noted by examining small portions of emulsions in a T-shaped 
glass container, according to the method described in a previous 
paper (/oc. cit.), and with frequent testings under the microscope. 
The two methods gave identical results for all fine-grained 
emulsions. 


Experiments with Electrolytes. 


Volume of oil phase=10 c.c. 
Volume of aqueous phase=10 c.c. 
R,=Inversion point. 
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TaBLeE I. 


Soap Used: Sodium Oleate. 


The figures given in the columns represent the amount of the 
respective salts in millimols at 2. 


Amount 
of soap’ 
in milli- 
mol. Ba(NQ3).. Sr(NO3)o. Pb(NO3).. Ni(NO 3).. Al,(SO,4)3. Cr.(SO,)s. 
0-080 0-0398 0-0398 0-0396 0-036 0-014 0-016 
0-101 0-0500 0-052 0-504 0-040 0-017 0-019 
0-150 0-080 0-084 0-082 0-060 0-025 0-027 
0-162 0-084 0-090 0-088 0-076 0-027 0-030 
0-210 0-112 0-116 0-110 0-0798 0-036 0-039 


Tase II. 
Soap: Potassium Stearate. 
Ti 
Ba(NO,),. Sr(NQ ;),. Ni(NQ 3).. Pb(NOs;),. Al,(SO4)3. Cr(SO,4)s. 
0-044 0-046 0-040 0-040 0-018 0-018 
0-0508 0-0512 0-050 0-052 0-026 0-022 
0-084 0-086 0-078 0-088 0-027 0-026 
0-132 0-136 0-128 0-140 0-048 0-048 
0-156 0-160 0-150 0-154 0-056 0-057 


Tas_e III. 
Soap: Lithium Stearate. 


Ba(NO,),. Sr(NO 3). Ni(NO3),. Pb(NO,)2. Al,(SO,)3. Cr2(SO,)s. 
0-040 0-040 0-036 0-042 0-015 0-016 
0-058 0-058 0-050 0-056 0-021 0-023 
0-090 0-094 0-080 0-094 0-028 0-029 
0-102 0-104 0-096 0-106 0-03 0-032 


TaBLE IV. 
Soap: Sodium Linoleate. 


Soap. Ba(NOy).. Sr(NOy).. Ni(NO3), Pb(NO,),. Al,(SO,);. Cr(SO4),s 
083 «=—-0-068 0-068 0-058 0-072 0-028 0-028 
112 0-100 0-106 0-090 0-116 0-038 0-037 
125 0-128 0-134 0-120 0-136 0-042 0-043 
0-18 0-198 0-20 0-178 0-200 0-061 0-063 


The results shown in tables I, II, III, and IV indicate in a 
marked manner the difference in the amounts of various electro- 
lytes required to bring about the reversal of phases. The effect 
f the valency of the electrolyte is worth noting. The amounts 
f the tervalent electrolytes, aluminium and chromium sulphates, 
required to bring about the reversal of phases are less than those 
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of bivalent electrolytes. The power of reversing the phases jp 
these electrolytes is in the order: aluminium>chromium> 
nickel>lead>barium>strontium. Calcium, bivalent iron, and 
magnesium are found to have practically the same values as 
strontium, and are therefore not shown in the tables. The amount 
of electrolytes required to bring about the reversal of phases differs 
with different soaps, but the valency effect of the electrolyte still 
holds good. 


Effect of Changing the Volume-ratio of the Phases. 


In all previous experiments, the volumes of the oil and aqueous 
phases have been equal. Keeping all other conditions constant, 
some experiments were tried in order to find how the action of 
electrolytes on the inversion point is affected by changing the 
volume-ratio of the two phases. The results are shown in table V 


TABLE V. 
Total volume of emulsion always 20 c.c. 
Soap: Lithium Stearate, 0°12 millimol. 
Ba(NOQs3),. in 


millimol in the 
B. P. paraflin Aqueous phase aqueous phase  Al,(SOy,), in 


in €.c. in ¢.c, at R,. millimol at R,. 
2 18 0-078 0-030 
5 15 0-070 0-028 
8 12 0-060 0-024 
10 10 0-058 0-021 
ll 9 0-054 0-018 
13 7 0-044 0-012 
15 5 0-040 0-010 


It is interesting to note that the amount of multivalent electro 
lyte required to bring about the inversion of phases increases a3 
the volume of the aqueous phase is increased and diminishes as it 
is reduced. A corresponding increase in the oil phase has a reverse 
effect. Thus in table V the ratio between lithium stearate and 
barium chloride at the inversion point was as 0°24:0°058 when the 
volumes of the two phases were as 10:10. When the volume of 
the aqueous phase was increased so that the ratio between them 
was 15:5, the amount of barium nitrate at FP, increased to 0°070 
millimol, and was reduced to 0°04 when the ratio became 5:15, 
that is, on proportionately increasing the oil phase. Similar 
results were obtainable with other soaps and electrolytes used in 
this investigation. 
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Effect of Dilution on the Reversal of Phases by Electrolytes. 


Emulsions can be diluted infinitely by the addition of the con- 
tinuous phase. It was considered desirable to find how dilution 
affects the action of electrolytes on the inversion point. A large 
quantity of fine-grained emulsions was prepared by vigorously 


shaking in a mechanical shaker some oil to which the aqueous phase 
was gradually added until the total volumes of the aqueous and 
oil phases became equal. This standard emulsion was divided into 
four equal portions of 20 c.c. each. One portion was kept un- 
diluted, and the other three portions were differently diluted with 
slutions of soap and different amounts of electrolytes added 
previous to a second shaking, in the manner already described. 
Some of the results are given in table VI. 


TaB.Le VI. 
Soap: Sodiwm Oleate. 
Amount of sodium oleate in each sample, 0°101 millimol. 


BaCl, in millimol Ai,(SO,); in milli- 
at the inversion mol at the inver- 


20 c.c. of emulsion. point. sion point. 
1. Standard emulsion ...........ccccccceee 0-050 0-014 
2. = », twice diluted ...... 0-0798 0-025 
3. ‘* », thrice diluted...... 0-112 0-040 
4 re » four times diluted 0-156 0-057 


The results in table VI indicate that the greater the dilution or 
the distance between the oil particles in an emulsion, the larger is 
the amount of the multivalent electrolyte required to bring about 
the reversal of phases. These results are in keeping with the 
previously observed effect of dilution on the rate of coagulation of 
colloidal sols by electrolytes (T., 1919, 115, 462). 

A few observations were also made to ascertain how the rate 
of coagulation of the typical natural emulsion, milk, is affected on 
dilution. The procedure consisted in preparing several different 
solutions of milk and water. Equal volumes of these solutions were 
placed in clean test-tubes, a definite volume of 0°4906N-sulphuric 
acid was added, the tube well shaken, and the times for the first 
perceptible change and complete coagulation were noted. Table 
VII indicates some of the results obtained. 


VOL. CXIX4 
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TasLe VII. 


Time for first perceptible change on the 
Volume of solution addition of a known volume of sulphuric 
always 20 c.c. acid. 
Pure milk Immediately after adding. 
9 minutes 2 seconds. 

Thrice diluted 12 minutes, 
Four times diluted ... 15 minutes 3 seconds. 
Five times diluted 25 minutes 2 seconds. 
Eight times diluted ... 50 minutes. 
Ten times diluted 70 minutes. 


Another set of experiments was performed to find the strength of 
a known volume of acid which will produce a perceptible change 
immediately on addition to the solutions, and it was found that the 
greater the dilution, the stronger was the acid required to produce 
an immediate coagulation effect. It is thus evident that the 
reversal of phases by electrolytes in emulsions, the precipitation of 
colloidal sols in suspensions, and the coagulation of substances 
like milk, in which the acids used act on the casein membrane 
round the fat globules, are similarly affected on dilution. It is 
probable thaf the cause or causes producing these identical effects 
are also identical, and a thorough study of any one of thes’ 
phenomena may lead to the elucidation of the problem of 
coagulation. 


Effects of Free Fatty Acids and Alkalis on the Emulsion 
Equilibrium. 


The procedure adopted for investigating the irregularities 
observed when free fatty acids and alkalis were used for emulsif- 
cation consisted in preparing three sets of emulsions. All con- 
tained the same amount of sodium oleate and the same volume 
ratio, the only difference being that in one set the oil contained 
free fatty acid, in the second the aqueous phase contained free 
alkali, and in the third set neutral oil and soap solutions alone 
were used. The following table represents the results, which show 


TasLe VIII. 
Soap Used: Sodium Oleate. 


Emulsions Free Ba(NO), in 
containing potassium millimol 
0-162 millimol hydroxide. id. required at 
of soap. . R. 

20 c.c. , 0-09 
” 0-096 
oo ° 0-078 
2 . 0-070 
” 0-084 
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that the free fatty acids and free alkalis shift the inversion point 
in opposite directions. 

During the microscopic examination of these three sets of 
emulsions, it was found that the average size of globules of oil was 
greater in emulsions containing free fatty acid and smaller in 
aulsions containing free alkali in the system than the average 
ize for identical and equal shakings when neutral oil and soap 
wlutions alone were used. It is interesting to note that the addi- 
tion of a little free alkali to a soap solution also decreases the size 
of the particles, and results in turning a slightly turbid solution 
into a perfectly clear one, whilst the addition of free fatty acid 
increases the size of the particles and makes the solution more 
turbid. This may possibly account for the difference in the sizes 
of particles in the above-mentioned emulsions. 

‘It is to be noted that as the degree of dispersion is an important 
factor in the stability of an emulsion, all attempts to arrange 
various emulsifying agents in order of their efficiency for emulsifi- 
ation, without taking into account the size of the particles of 
these agents, are defective. The size of the particles of an 
mulsifying agent has also been found by Pickering (T., 1907, 91, 
1001) to have a definite effect on the degree of dispersion. 


Discussion of Results. 


The results indicated in tables I, IJ, III, and IV show that the 
tervalent electrolytes have a greater effect on the inversion of the 
.. gmulsion than the bivalent ones. A similar conclusion has been 

‘Pirawn by Clowes (Joc. cit.). The effect of dilution and of increas- 

‘Bing the distance between the oil particles in an emulsion is essenti- 
ily similar in nature to the effect of dilution on colloidal sols. 
A complete discussion of the results obtained here will be reserved 
for a later contribution. 

The difference in the amount of electrolytes required to bring 
about the reversal of phases with different soaps points to the 
wobability of a difference in their protective actions. The results 
indicate that the soaps can be arranged in order of their protective 
«tion, as potassium stearate>sodium stearate>sodium and 
potassium palmitates>potassium oleate>sodium oleate, for B.P. 
jarafin oil. The results have an important bearing on the 
leansing power of soaps. The old hypothesis of Chevreul, that 
the cleansing power of soap is due to the free alkali liberated, is 
tow discarded. The modern conception attributes the washing 
power of soap to its “emulsifying efficiency ” and to its protective 
action, which keeps the dirt and grease bound in the form of an 
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emulsion. On this view, the cleansing properties of soaps will be 
considerably affected by the electrolytic impurities in water, 
Sodium linoleate and soaps with a little free alkali will be good 
for cleansing purposes, as they give finer-grained emulsions than 
the sodium oleate solutions when pure water is employed for wash. 
ing. Large amounts of calcium or barium salts, or salts of ter-§- 
valent metals, in water will be injurious in these cases, as well asf. 
when neutral or acid soap solutions are employed, for the latter are 
also easily transformed into water-in-oil emulsions, which are very 
sticky and difficult to remove by water. 

It is intended to study the various physical properties, particu. 
larly viscosities, of emulsions of two immiscible liquids of equal 
densities, in order to obtain more evidence as to the mechanism 
of the reversal of phases in emulsions, and further work on the 
renewal of phases in emulsions prepared by insoluble emulsifiers is 
in progress. 

Summary. 


(1) It has been shown that tervalent electrolytes are more 
effective in bringing about the reversal of phases than bivalent 
ones. 

(2) Soaps and electrolytes have been arranged in the order of 
their emulsifying and precipitating powers, respectively, for B.P. 
paraffin oil emulsions. 

(3) It has been shown that the reversal of phases in emulsions, 
the precipitation of sols in suspensions, and the coagulation of 
natural emulsions like milk, are similarly affected by dilution. 

(4) The bearing of the results on the chemical interpretation of 
the washing power of soap is briefly discussed. 

(5) The effects of free alkalis and free fatty acids on soap 
emulsions have been investigated. 


The author takes this opportunity of thanking Prof. F. G. 
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tion. His thanks are also due to Dr. J. C. Ghosh and Mr. J. N. 
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8-AMINO-8-PHENYLPROPIOPHENONE. 


ll be 

eee VI.—8-Amino-f-phenylpropiophenone. 
8 

than By Avex. McKenzie and Frep Barrow. 


vash- g-AMINO-KETONES, for example, a-aminopropiophenone, exhibit great 

ter-f instability in the free state on account of their tendency to condense 
ll asf in the presence of air to give substituted pyrazines (Gabriel, Ber., 
r areii908, 41, 1127). On the other hand, B-amino-ketones are much 
Very B nore stable; diacetoneamine is exceptional, as it can even be dis- 

_ Filled, but other ketones of this class are not nearly so stable; thus 
ticu- f Gabriel (Ber., 1908, 41, 242) has shown that 8-aminopropiophenone 
qual f volves ammonia when heated with aqueous potassium hydroxide, 
nism Hind it does not appear from his description that the compound is 
stable enough to be kept at the ordinary temperature for any length 
of time. 

For the purpose of another research it was desired to obtain a 
§-amino-ketone containing an asymmetric carbon atom, and the 
preparation of f-amino-8-phenylpropiophenone was accordingly 
udertaken by the authors in the hope that this compound would be 
suificiently stable to permit of its isolation. The preparation was 
carried out as follows. Cinnamic acid was converted into B-amino-f- 
phenylpropionic acid, from which the corresponding phthalimino- 
aid was obtained by heating with phthalic anhydride. The action 
of benzene and aluminium chloride on the chloride of the phthal- 
imino-acid led to B-phthalimino-B-phenylpropiophenone, which was 
converted by means of aqueous alkali into the corresponding phthal- 
amic acid (compare Gabriel, Ber., 1908, 41, 242, 513, and other 
papers by the same author). The hydrolysis of the phthalamic acid 
vas accomplished by a mixture of glacial acetic acid and concen- 
tated hydrochloric acid. The resulting hydrochloride on decom- 
psition with ammonia gave B-amino-8-phenylpropiophenone as a 
q, (vlid melting at 82—83°. The free amino-ketone is much more 
_ fable at the ordinary temperature than is desylamine, the related 
N. §*mino-ketone. 

An attempt was made to obtain the ketone by a more direct 
nethod, namely, by the action of magnesium phenyl bromide on 
bamino-B-phenylpropionanilide, NH,*CHPh:CH,;CO-NHPh. The 

1 [Jéstuption of the additive compound by aqueous ammonium chloride 
kd, however, to the regeneration of the anilide. The result would 
uggest that the additive compound may have been 


CHPh:CH,*C-NPh-MgBr 
NH-MgBr i On, 
Ph MgBr 
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in which case the rearrangement into a product giving the amino- 
ketone on hydrolysis did not occur. Now it has been found by 
McKenzie, Martin, and Rule (T., 1914, 105, 1583) that the action 
of Grignard reagents on alkylated acid amides (for example, 
r-mandeloethylamide and /-8-hydroxy-8-phenylpropionethylamide) 
does not always lead to the formation of the corresponding ketols, 
and it seems probable that the additive compounds formed in those 
cases may also have been of the oxonium type postulated above. 


v. Braun has, in fact, suggested the structure Reh >C:0 en 


for the compounds obtained from dialkylated amides. The recent 
work of v. Braun, Heider and Miiller (Ber., 1917, 50, 1637) and of 
v. Braun and Kirschbaum (Ber., 1919, [B], 52, 1725) on the action 
of Grignard reagents (prepared from bromoalkylated anilines) on 
aldehydes and ketones respectively certainly lends support to the 
view that the first phase in the addition of a Grignard reagent to 
an aldehyde or a ketone consists in the formation of an oxonium 
compound where the reagent attaches itself to the oxygen atom of 
the carbonyl group of the aldehyde or ketone. Such an additive 
ccmpound would be labile enough to undergo, as a general rule, 
isomeric change with readiness prior to its hydrolysis, but appa- 
rently it may sometimes happen that this rearrangement does not 
occur. 

The action of aluminium chloride on a solution of B-formylamino- 
B-phenylpropionyl chloride in benzene took an unexpected course, 
the product being B8-diphenylpropiophenone. Now it is shown in 
the present paper that @-phthalimino-8-phenylpropionic acid decom- 
poses on heating into carbon dioxide, phthalimide, cinnamic acid, 
and styrene, the last-named substance being doubtless formed from 
the cinnamic acid (I). This result suggested a similar course for 


CoH,-CH-CH-CO,H CH,-CH-CH-COCI 


| H 7 | 
: iJ 
NOs, A, i MS 
(I.) (II.) 


the decomposition of 8-formylamino-8-phenylpropiony] chloride into 
formamide and cinnamoy] chloride (II), aluminium chloride acting 
as a catalyst. The cinnamoyl] chloride formed in this manner then 
reacts with benzene and aluminium chloride with the formation of 
BB-diphenylpropiophenone. The interaction of cinnamoy] chloride, 
benzene, and aluminium chloride, under the conditions described in 
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the experimental part, gave a mixture of B8-diphenylpropiophenone 
and BB-diphenylpropionic acid. 

f-Benzoylamino-8-phenylpropionyl chloride differed from the 
formyl compound inasmuch as it underwent the normal reaction 
vith benzene and aluminium chloride, the product being B-benzoyl- 
amino-B- phenyl propiophenone. 

Some optically active derivatives of B-amino-8-phenylpropionic 
acid are at present under investigation by one of us (A. McK.). 


ExPERIMENTAL, 
B-A mino-B-phenylpropionanilide. 


f-Amino-8-phenylpropionic acid was prepared by the action of 
hydroxylamine on cinnamic acid according to Posner’s method (Ber., 
1905, 38, 2316). Four grams of the well-dried and finely-powdered 
amino-acid were suspended in 20 c.c. of freshly-distilled acetyl 
chloride, the mixture was cooled in ice, and treated gradually with 
53 grams of finely-powdered phosphorus pentachloride. The mix- 
ture was shaken during the addition of the pentachloride (fifteen 
minutes), and the shaking was continued for half an hour longer at 
the ordinary temperature. The resulting solid, B-amino-8-pheny]l- 
propionyl chloride hydrochloride, was separated and washed with 
acetyl chloride and light petroleum. A solution of 2°5 grams of it 
were suspended in dry ether, and treated at the ordinary tempera- 
ture with a solution of 4°2 grams of aniline in ether. Water was 
then added, the aqueous solution separated, and made alkaline with 
sodium hydroxide. The anilide precipitated was crystallised from 
aqueous alcohol (Found, C=74°8; H=6°9. C,,H,,ON, requires 
C=75'0; H=677 per cent.). 

B-Amino - B - phenylpropionanilide, NH,*CHPh-CH,-CO-NHPh, 
separates from ethyl alcohol in colourless plates melting at 122°. It 
is readily soluble in ethyl alcohol or chloroform, moderately so in 
benzene or ether, and sparingly so in light petroleum. 

Attempts to prepare the amide and the piperidide of B-amino-B- 
phenylpropionic acid by the action of dry ammonia and of piper- 
idine on a suspension of the chloride hydrochloride in dry ethereal 
solution gave amorphous products, probably due to polypeptide 
formation. 

The anilide (1 mol.) was subjected to the action of magnesium 
phenyl bromide (6 mols.). On decomposing the additive compound 
with ammonium chloride the anilide was regenerated. 
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Action of B-Formylamino-B-phenylpropionyl Chloride on Benzene 
in the Presence of Aluminium Chloride. 


The formylation of the amino-acid was carried out as described 
by Fischer, Scheibler, and Groh (Ber., 1910, 43, 2020), and the 
formyl acid then converted into its chloride by means of acety] 
chloride and phosphorus pentachloride. The chloride, prepared 
from 3°9 grams of the formyl acid, was a viscid, yellow oil; it was 
dissolved in 50.c.c. of benzene, and acted on by 5 grams of alumin- 
ium chloride by heating on the water-bath for one hour. After 
decomposition with hydrochloric acid and removal of the benzene, 
the product was crystallised twice from ethyl alcohol, when lustrous 
needles (0°7 gram) separated. These melted at 94—95°, contained 
no nitrogen, and consisted of $f-diphenylpropiophenone, 
CHPh,°CH,-COPh (Found, C=881; H=6°5. Cale, C=88'1; 
H=6°3 per cent.). Kohler (Amer. Chem. J., 1903, 29, 352) gives 
m. p. 96°. 


Action of Cinnamoyl Chloride on Benzene in the Presence of 
Aluminium Chloride. 


This action had already been investigated by Kohler, Heritage, 
and Burnley (Amer. Chem. J., 1910, 44, 60) under somewhat 
different conditions to those employed by us. They found that 
BB-diphenylpropiophenone was accompanied by 3-keto-1-pheny]l-2:3- 
dihydroindene and B-chloro-8-phenylpropiophenone. The product 
obtained under the following conditions appeared to consist entirely 
of B8-diphenylpropionic acid and B8-diphenylpropiophenone. 

A mixture of 10 grams of cinnamic acid and 14°8 grams of phos- 
phorus pentachloride was heated on the water-bath for half an hour, 
the oxychloride removed under diminished pressure, and the result- 
ing oil acted on by 50 c.c. of benzene and 10 grams of aluminium 
chloride. The action was completed by heating, and the mixture 
allowed to remain overnight. Dilute hydrochloric acid was added, 
the product extracted with ether, and the ethereal solution then 
shaken with sodium carbonate. On acidifying the alkaline extract 
with hydrochloric acid, 5:1 grams of B8-diphenylpropionic acid were 
precipitated, which after crystallisation from ethyl alcohol separated 
in lustrous, white needles melting at 149—150°. Liebermann and 
Hartmann (Ber., 1892, 25, 2124), who obtained the acid as one of 
the products of the action of sulphuric acid on cinnamic acid and 
benzene, give m. p. 149°. (Equivalent=229°1. Calc. =226.) 

After being dried with sodium sulphate, the ethereal solution on 
evaporation gave a red oil which solidified almost completely when 
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kept in the ice-chest for two days. The solid was freed from a 
small quantity of oil and purified by crystallisation from alcohol. 
It amounted to 11°5 grams, and consisted of B8-diphenylpropio- 
phenone. 


B-Benzoylamino-B-phenyl propiophenone. 


B-Amino-8-phenylpropionic acid was converted into its benzoyl 
derivative, which melted at 194—-195°, whereas Posner (loc. cit.) 
gives 194—-196°. Ten grams of the benzoylamino-acid were con- 
verted by means of acetyl chloride and phosphorus pentachloride 
into B-benzoylamino-8-phenylpropionyl chloride, which crystallises 
inneedles. The latter was dissolved in 50 c.c. of benzene, and acted 
on by 10 grams of aluminium chloride. After the usual manipula- 
tion, 4°1 grams of a solid were isolated. 

B-Benzoylamino-B-phenylpropiophenone, 

NHBz-CHPh-CH,:COPh, 
separates from ethyl alcohol in lustrous, slender, colourless needles 
melting at 152—154° (Found, C=799; H=61; N=4°3. 
C.,H,gO.N requires C=80°2; H=5°8; N=4°3 per cent.). 


B-Phthalimino-B-phenylpropionic Acid. 


A mixture of 11 grams of f-amino-8-phenylpropionic acid and 
105 grams of phthalic anhydride were heated for two hours at 
155—165°, at the end of which time the phthalimino-acid com- 
menced to crystallise from the molten mass. On cooling, the acid 
was dissolved in 20 c.c. of hot glacial acetic acid, and 20 c.c. of 
benzene were added. On cooling, 13 grams of the crude acid 
separated. Purification was effected by crystallisation from 
benzene. 

B-Phthalimino-B-phenylpropionic acid, 

C,H,:(CO).:-N-CHPh-CH,°CO,H, 
melts at 169°5—-170°5°, is very readily soluble in hot ethyl alcohol 
or hot glacial acetic acid, moderately so in benzene, and very spar- 
ingly soluble in hot water. It separated from alcohol in slender 
needles (Found, C=69'1; H=4°7. C,,H,,0,N requires C=69°1; 
H=4°4 per cent.). 

In a second preparation 35 grams of phthalic anhydride and 
36 grams of the amino-acid gave 48 grams of the phthalimino-acid 
melting at 168—170° after one crystallisation from a mixture of 
60 c.c. of glacial acetic acid and 60 c.c. of benzene. 

The acid chloride, prepared by heating the acid with an excess 
of thionyl chloride for half an hour, separates from benzene in 
needles melting at 96—97°. For analysis it was dried over phos- 

Dp* 
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phoric oxide and paraffin wax (Found, Cl=10°6. C,,;H,,0,NC| 
requires 11°3 per cent.). 

The anilide, prepared by the interaction at the ordinary tem- 
perature of aniline and the acid chloride in ethereal solution, sepa- 
rates from glacial acetic acid in glistening prisms or rhomboidal 
plates melting at 238°. It is sparingly soluble in ethyl alcohol 
(Found, N=7'5. C.,;H,0,N. requires N=7°6 per cent.). 

The methyl ester, prepared by the esterification of the acid with 
methyl] alcohol and hydrogen chloride, separates from ethyl alcohol 
in plates melting at 92° (Found, N=4°9. C,,H,;0O,N requires 
N=4'5 per cent.). 

The action of heat on 8-phthalimino-8-phenylpropionic acid was 
studied. Evolution of carbon dioxide began at 240° and became 
vigorous at 300°. The temperature was maintained at 320—350° 
for half an hour. The liquid, which had a pronounced odour of 
styrene, was then distilled under ordinary pressure. The residue 
was dissolved in ethyl alcohol and decolorised with charcoal ; phthal- 
imide was isolated from it. The distillate solidified to a white, 
crystalline mass, which was crystallised twice from a mixture of 


ethyl alcohol and benzene; the product was identified as phthal- Js 


imide. The alcohol—benzene solution from which the phthalimide 
had been separated was extracted with aqueous sodium carbonate, 
and cinnamic acid was obtained from the alkaline solution by 
acidification and extraction with ether. 


B-Phthalimino-B-phenylpropiophenone. 


The best conditions for the preparation of this compound were 
the following. Twenty-five grams of the phthalimino-acid were 
heated for half an hour on the water-bath with 20 grams of thionyl 
chloride until the evolution of hydrogen chloride ceased. The excess 
of thionyl chloride was removed by distillation under diminished 
pressure, when the acid chloride remained as a very viscid, yellow 
oil Benzene (100 c.c.) was added to the warm oil, the greater part 
of which dissolved and, on cooling, separated in a mass of needles. 
Aluminium chloride (20 grams) was then added. Action soon 
started with evolution of hydrogen chloride. After remaining at 
the ordinary temperature overnight, the mixture was heated for 
twenty minutes, when a further vigorous evolution of hydrogen 
chloride took place. On cooling, water and hydrochloric acid were 
added, and the benzene removed by distillation in a current of 
steam. The ketone was left as a viscid, pale yellow oil, which 
solidified readily. It was separated and crystallised from ethyl 
alcohol. Yield, 26 grams. 
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p-Phthalimino-B-phenylpropiophenone, 
C,H,:C,0.:N-CHPh-CH,°COPh, 
separates from ethyl alcohol in needles melting at 116—117°. It is 
readily soluble in hot alcohol, but only moderately so in the cold 
slvent. It crystallises sluggishly, and tends to separate from hot 
concentrated solutions as an oil. 


B-Benzoyl-a-phenylethylphthalamic Acid. 


8-Phthalimino-8-phenylpropiophenone (7°5 grams) was sus- 
pended in 20 c.c. of ethyl alcohol, and heated on the water bath 
for ten minutes with 30 c.c. of N-sodium hydroxide. The solution 
was diluted with 200 c.c. of water and acidified with hydrochloric 
aid. The phthalamic acid was precipitated as an oil, which on 
stirring coagulated to form a pasty mass, and this on remaining 
overnight became quite solid and friable. It was purified by 
crystallisation from ethyl alcohol. 

B-Benzoyl-a-phenylethylphthalamic acid, 

COPh:CH,-CHPh-NH:CO-C,H,°CO,H, 

separates from ethyl alcohol in needles melting at 132° (Found, 
N=3'7. C,3;H,O,N requires 3°8 per cent.). It is readily soluble 
in acetone, ethyl alcohol, or glacial acetic acid, moderately so in 
benzene, and sparingly soluble in light petroleum. 


B-A mino-B-phenylpropiophenone. 


A solution of 10 grams of 8-benzoyl-a-phenylethylphthalamic acid 
in 50 c.c. of hot glacial acetic acid was heated on the water-bath 
for one hour with 30 c.c. of concentrated hydrochloric acid ; a small 
amount of a pale yellow oil separated on heating. On the addition 
of 150 c.c. of water a further quantity of oil was precipitated, 
which became pasty on shaking. The clear solution was separated 
and evaporated to about 50 c.c. under diminished pressure, sepa- 
rated from a further small quantity of oil, and finally evaporated 
to dryness under diminished pressure. The amino-ketone hydro- 
thloride was obtained in this way in slender, colourless needles 
acompanied by a small amount of a viscid, yellow oil. The 
aquecus solution was extracted with ether and rendered alkaline 
vith ammonia. The precipitated amino-ketone was extracted with 
ther, the ethereal solution dried with sodium sulphate, and the 
ther removed. The residual pale yellow oil solidified on cooling 
aud was crystallised from a mixture of benzene and light petroleum. 
The yield was 0°75 gram. 

B-A mino-B-phenylpropiophenone, NH,*CHPh:CH,°COPh, crys- 

D* 2 
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tallises in scft, colourless leaflets melting at 82—83° (Found; 
N=6°3. C,;H,,ON requires N=6'2 per cent.). It is readily solubk 
in ethyl alcohol, benzene, ether, or ethyl acetate, and only sparing) TI.- 
so in cold light petroleum (b. p. 30—50°). 

It is moderately stable, differing in this respect markedly fron 
desylamine ; thus a specimen kept in a well-corked tube underwen 
n> apparent change when kept for six days. It then became 
yellow, the crystals adhered together, and after a further four tl’ pr 
five days it was transformed into a yellowish-brown, semi-liquidg)9l4, 
mass. and 0 

In another preparation where 15 grams of the phthalamic aciigof an 
were hydrolysed by heating for half an hour with 60 c.c. of hydrogtydro 
chloric acid and 100 c.c. of glacial acetic acid, the yield of aminogtrime 


ketone (25 grams) was better than in the experiment jusgessign 
described. have | 
The picrate crystallises from ethyl alcohol in yellow leafletqonter 
(Found, N=12-4. C,;H,,ON,C,H,O,N, requires N=12°3 pegminin 
intern 


cent.), which commence to darken and sinter at 175°, and melt ani 
decompose at 193°. 

The platinichloride separates from dilute hydrochloric acid ix 
brown needles (Found, Pt=22°5. (C,;H,,ON),H,PtCl, require 
Pt=22°7 per cent.). It shows no definite melting point, but com 
mences to darken and shrink to a thin core at 195°, decompositior 
being complete at 250°. 

The crude B-amino-8-phenylpropiophenone hydrochloride resultqvariou 
ing from the hydrolysis of the phthalamic acid was shaken witlgent. | 
benzoyl chloride and sodium hydroxide. The resulting solid wage! me' 
crystallised from ethyl alcohol, from which it separated in needlegte © 
melting at 152—153°. This was identical with the benzoyl derivg? ™ 
ative previously described (p. 73) obtained by the interaction of#?PT% 
B-benzoylamino-8-phenylpropionyl chloride and benzene in thqpow 1 


presence of aluminium chloride. wa 
by the 
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ringhiy[].—The Methylation of Cellulose. Part III. 
Homogeneity of Product and Inimit of Methylation. 
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rwen By Wittiam Smita Dennam. 


ecame 
yur toflN previous papers (Denham and Woodhouse, T., 1913, 108, 1735; 


liquid!914, 105, 2357; 1917, 111, 244), the methylation of cellulose 
nd of starch was announced, and some results were communicated 
c acigof an investigation on the methyl ethers of cellulose and their 
rydrogiydrolytic products. The latter include a well-defined, crystalline 
mino§ttimethyl glucose, to which a constitutional formula has been 
t juspessigned . Immediate aims in the development of this research 
have been the preparation of a methyl ether of maximum methoxyl 
eafletqeontent, in which the cellulose complex shall have undergone the 
3 peguinimum of degradation, and the examination of the limiting and 
It andgintermediate ethers and their degradation products. It is pro- 
posed to amplify and discuss in a subsequent communication the 
cid impdditional results now presented. 
quireq For the preparation of a highly methylated cellulose, the method 
| comgalready described, namely, the treatment with methyl sulphate of 
sitiogotton which has been soaked in a solution of sodium hydroxide, 
was found to be the most successful, and repetitions of this process, 
-esultqvatiously modified, have yielded a product containing 44°6 per 
witlgeent. of methoxyl. This value approximates to the 45°6 per cent. 
d wagei methoxyl required by theory for trimethyl cellulose. The slow 
eedlegrate of increase in the methoxyl content during the final stages of 
derivgie methylation, itself an indication that the limit has been nearly 
pproached, has rendered advisable the additional observations 
how in progress before the limit can be definitely announced. 
hat these ethers retain a high degree of complexity is indicated 
by the almost complete absence of copper-reducing property in a 
product containing about 40 per cent. of methoxyl, in which, as 
m more highly methylated preparations, the fibrous structure of 
929.) Flulose persists. Further, the displacement of hydrogen by 
methyl groups does not confer solubility in such solvents as alcohol, 
wetone, or chloroform. 
The solubility of methylated cellulose in Schweitzer’s reagent, 
n the other hand, appears to decrease as the methoxyl content 
creases, and products which contain about 40 per cent. of 
methoxyl are insoluble. The question of the homogeneity of 
methylated cellulose is of great importance in relation to deduc- 
ims regarding the constitution of cellulose from the nature 
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of the hydrolytic products, and some experiments which 
give information on this point may therefore be referred to, 
although they were made primarily to ascertain whether, by the 
restricted action of Schweitzer’s reagent especially on preparations 
of low average methoxy! content, a highly methylated portion 
could be separated to serve as a convenient source of the crystalline 
trimethyl glucose. It was found that several preparations of 
methyl cellulose, when treated with Schweitzer’s reagent so that 
only a part was dissolved, yielded a residue with a methoxy] con. 
tent greater than that of the untreated substance. The degre 
of heterogeneity thus revealed depends, as might be expected, on 
the manner of preparation of the methyl cellulose; for material 
of low average methoxyl content, it was greatest where concer- 
trated alkali had been employed, possibly owing to an unequal 
penetration of the cotton by the alkali. The most homogeneous 
product of those examined was one in the preparation of which 
an ethereal solution of methyl sulphate was employed, and it may 
be noted that the best yields, apparent in an increased weight of 
material after methylation, were obtained when ether was present. 
A preparation containing about 40 per cent. of methoxyl gave 
indications of lack of uniformity explicable from its history; one 
containing 42 per cent. of methoxyl was quite insoluble in 
Schweitzer’s reagent, and in alcohol, acetone, or chloroform, and 
is therefore so far homogeneous. 

A comparison of the history of the sample of methylated cellu. 
lose which yielded the hydrolytic products, already described and 
discussed (T., 1914, 105, 2357), with the histories of the prepar- 
ations made without ether, which were examined by means o 
Schweitzer’s reagent, indicates a superior uniformity in the earlier 
product, as in the later ones there were fewer stages in the methy!- 
ation. It is thus probable that the trimethyl glucose was derived, 
not from a small proportion of highly methylated substance, but 
from a more general distribution of trimethyl glucose residues in 
the cellulose complex. 

As the limit is approached, irregularities in methylation wil 
be smoothed out, but the question of yield remains. The loss of 
material due to chemical action need not be great. In one series, 
100 grams of cotton gave 104 grams of methy] cellulose containing 
31-3 per cent. of methoxyl, the yield being thus 91 per cent. 0 
the theoretical ; the product had undergone four treatments, that 
is, it had been soaked in alkali, treated with methyl sulphate, ané 
washed and dried four times, so that at least a part of the los 
was mechanical. Owing to losses due to mishaps, the yields have 
not been followed continuously to the highest degree of methyl 
ation attained ; the loss is small, however, from stage to stage, at! 
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which § is usually quite clearly mechanical loss sustained in manipulation. 
d tof The conclusions seem to be justified that the limit of methyl- 
y the—™ ation of cellulose lies in the neighbourhood of that required for 
ations trimethyl cellulose, and that a methyl cellulose of this limiting 


methoxyl content can be prepared which is representative of the 
whole of the original cellulose. The further investigation of these 
questions and of the fission products of methyl cellulose is in 


progress. 
ExPERIMENTAL. 


egree ff The following examples illustrate the yields obtained in several 
d, on preparations of methyl cellulose and the behaviour of the products 
terial towards Schweitzer’s reagent. 


I. Methyl Cellulose containing 20°4 per cent. of Methoryl.— 
The solution of sodium hydroxide employed contained 20 grams 
of the solid in 100 c.c. of solution. No solvent was employed for 
the methyl sulphate, slightly more of which was added than is 
represented by the ratio Me,SO,:NaOH. In each stage the 
temperature rose to 70° during the reaction, and the mixture was 
afterwards warmed gently until acid throughout. 

lst Stage-—165 Grams of cotton wool, 500 c.c. of sodium hydr- 
oxide solution, 390 grams of methyl sulphate. Yield, 135 grams. 
Methoxyl content not determined. 

2nd Stage——135 Grams of the product from the first stage, 
400 c.c. of sodium hydroxide solution, 236 grams of methyl 
sulphate. Yield, 98 grams. OMe=20°4 per cent. 

Action of Schweitzer’s Reagent.—The product from the second 
stage, after remaining for seven days with 4 litres of Schweitzer’s 
reagent, left 42 grams of undissolved residue containing 
OMe=22°7 per cent. Three quantities of 3 grams each of the 
substance containing OMe=22-7 per cent. were again treated each 
with 170 c.c. of Schweitzer’s reagent: 

(a) Residue after two days (1°5 grams) contained OMe=23'1 
per cent. 

(6) Residue after five days (1°3 grams) contained OMe= 24:3 


will per cent. 
. of (c) Residue after seven days (1:3 grams) contained OMe=24'7 
nes per cent. 

ning The mixed residues were completely soluble in Schweitzer’s 
. of reagent. 

that (d@) By the action of Schweitzer’s reagent on 28 grams of the 
aul substance containing OMe=22°7 per cent., 4:4 grams of undis- 


solved residue were obtained which contained OMe= 23-4 per cent. 
The 4:4 grams were again treated with Schweitzer’s reagent so as 
to leave a small residue (weight not determined) which contained 
OMe=28 per cent. 


—— 
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The Schweitzer’s reagent was prepared by shaking freshly pre 
cipitated copper hydroxide with concentrated aqueous ammonia 
(D 0°88), and had D about 0°93. It was not standardised as 
regards content of ammonia or copper, but the reagent was tested 
to make sure that it dissolved cotton. The undissolved cellulosic 
residue was recovered by diluting the solution with aqueous 
ammonia, filtration through nickel gauze, and washing with 
aqueous ammonia and water. Small quantities were recovered by 
allowing the filtered solution to settle. 

The methyl cellulose, the hydrolytic products from which have 
been described (T., 1914, 105, 2357), was prepared in six stages; 
in the first five, the solution of sodium hydroxide contained 
17 grams of the solid in 100 c.c., and the product contained 
OMe=20°7 per cent. In the final stage the sodium hydroxide 
solution contained 38°3 grams of the solid in 100 c.c., and the 
product contained OMe=23'6 per cent. 

II. Methyl Cellulose containing OMe=39°5 per cent.—This 
substance was prepared in nine stages. After three stages, in each 
of which the material was impregnated with half its weight of 
sodium hydroxide added as a solution containing 21°4 grams of 
the solid in 100 c.c., the OMe content was 24°8 per cent. In 
all the stages, somewhat less methyl sulphate was employed than 
is represented by the ratio Me,SO,:NaOH, and the substance 
remained alkaline after the reaction was over. From 160 grams 
of cotton wool were obtained 135 grams, the yield being 79 per 
cent. of that obtainable of a product having OMe=24°8 per cent. 

In the later stages, the sodium hydroxide solution contained 
38°8 grams of the solid in 100 c.c. Difficulties were encountered 
in impregnating the material with the alkaline solution, and the 
material was cut up into small pieces, squeezed in a press, pounded, 
ete., so that there was considerable loss. The percentage of 
methoxyl remained stationary from the eighth to the ninth stage 
(OMe = 39°7—39°5 per cent.). 

Action of Schweitzer’s Reagent.—2°8 Grams of the product con- 
taining OMe=39°5 per cent., after treatment with 50 c.c. of 
Schweitzer’s reagent for four days, gave 2°6 grams of undissolved 
residue containing OMe=40 per cent.; 2-4 grams of this residue, 
on further treatment with Schweitzer’s reagent, were reduced to 
2°2 grams, which contained OMe=40°4 per cent. 

Copper Reduction.—0'978 Gram of substance (OMe=39°5 per 
cent.) was treated with Fehling’s solution, as in the examination 
of cotton. 0°15 C.c. of V/10-sodium thiosulphate was required for 
the titration of the reduced copper. Cu,O=0-11 per cent. 

III. Preparation of Methyl Cellulose, using Ether.—One 
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hundred grams of cotton wool were soaked for one day in 1 litre 
of a solution of sodium hydroxide (20 grams in 100 grams of 
glution), and then drained and pressed, so that 350 grams of the 
lution (containing 70 grams of sodium hydroxide) were left. 
Qne hundred c.c. of methyl sulphate and 700 c.c. of ether were 
added, the mixture was heated under reflux for a few hours, and 
the ether was then removed by distillation. The weight of the 
yashed and dried product was 105 grams. A repetition of this 
process gave 107 grams of a product containing OMe=24°5 per 
ent. In’a third and fourth repetition of the process, where the 
impregnation of the material by the solution of alkali was assisted 
by exhausting the containing vessel, less sodium hydroxide was 
retained. The product from the fourth treatment contained 
0Me=31°3 per cent. and weighed 104 grams, the yield being thus 
jl per cent. of the theoretical. The weights were determined 
under similar conditions after drying the material in a steam-oven. 

Action of Schweitzer’s Reagent.—From 2°88 grams of substance 
(0Me=31°3 per cent.), after immersion in 100 c.c. of Schweitzer’s 
ragent for three hours, 1:93 grams of undissolved substance 
(OMe=32'4 per cent.) were recovered. 

Eighty-eight grams of methyl cellulose containing OMe=15'6 
per cent., which had been made in one stage, using ether, were 
immersed in 600 c.c. of Schweitzer’s reagent for three days, when 
84 grams of undissolved material were recovered containing 
0Me=15-2 per cent. 

IV. Methyl Cellulose containing more than 40 per cent. of 
Methoryl—Highly methylated products were prepared by 
variants of the methods already described. For one of these, the 
following analytical results were obtained (Found: C=52°19; 
H=7'63; OMe=44°6 per cent. Trimethyl cellulose, C,H,,0,, 
requires C=52-9; H=7°84; OMe=45‘6 per cent.). 

Action of Solvents.—The behaviour of a preparation containing 
0Me=42 per cent. was examined towards alcohol, acetone, and 
Schweitzer’s reagent. 1-8802 Grams, after being extracted with 
alcohol for three hours in a modified Soxhlet apparatus, weighed 
18796 grams. The same sample was then extracted in the same 
way with acetone for three hours, and afterwards weighed 1°8790 
grams. 0°408 Gram of the same substance was immersed in 
Schweitzer’s reagent for twenty-four hours; the weight of the 
undissolved substance recovered was 0°407 gram. 
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VIIl.—The Reaction between Nitric Acid and 
Copper. 


By Lancetor Satispury Bacster. 


On attempting to measure the volume of nitric oxide produced 
by the action of 5.V-nitric acid on copper under certain conditions, 
it was found that when the gaseous products were evolved and 
passed into sodium hydroxide solution in a vacuum, complete 
absorption took place, although a considerable volume of nitric 
oxide should have been obtained (Higley, Amer. Chem. J., 1903, 
17, 18). This reaction was investigated in the hope of throwing 
further light on the reaction between nitric acid and copper. 
Veley (Phil. Trans., 1891, 182, 279) showed that the nitrous acid 
present was the cause of solution in dilute acid, and proposed a 
series of reactions involving the reduction of the nitrous acid to 
nitric oxide, followed by the oxidation of the nitric oxide to nitrous 
acid by the nitric acid. The work of Lewis and Edgar (J. Amer. 
Chem. Soc., 1911, 38, 292) shows that there is an equilibrium 
between nitric acid, nitric oxide, and nitrous acid, and that this 
equilibrium is but slowly attained. It seems unlikely, therefore, 
that in such case the nitric oxide would be completely and 
instantly oxidised, as would be necessary to secure complete 
absorption of the product in the experiment just described. 

The following explanation of the process, in terms of well- 
known electrochemical theory, is suggested: (1) oxidation of the 
hydrogen film on the copper by the nitrous acid, which itself is 
reduced to hyponitrous acid, the copper passing into solution to 
replace the hydrogen removed; (2) oxidation of the hyponitrous 
acid to nitrous acid by nitric acid, which itself is reduced to 
nitrous acid. It may be assumed that the first reaction will pro 
duce hyponitrous acid in unimolecular form (H,+ HNO, — 
H,O+ HNO’), and as Divers (T., 1889, 75, 112) has shown that 
hyponitrous acid has the double molecule, it may be considered 
that at the moment of formation it will be in a reactive state 
corresponding with nascent hydrogen, and completely oxidised by 
nitric acid. It will be shown that the product of reaction with 
dilute acid is nitrous acid, produced in quantity necessary to 
satisfy the above scheme. It might be expected that sufficiently 
dilute nitric acid would fail to oxidise completely the hyponitrous 
acid formed, and in such case nitrous oxide, the well-known decom- 
position product of hyponitrous acid, should appear as a product. 
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This has been found to be the case by Higley (Joc. cit.), using 
3V and more dilute acid. It would not be expected that much 
nitrous oxide should be obtained; if the nitric acid were so weak 
that it failed to oxidise most of the hyponitrous acid, the reaction 
would cease when the nitrous acid originally present was 
exhausted. This has been found to be the case with W/2-nitric 
acid. Reaction started by addition of sodium nitrite ceased when 
the nitrous acid was destroyed, but could be restarted by the 
addition of more nitrite. 

Divers (Joc. cit.) has shown that nitrous acid oxidises hypo- 
nitrous acid, with the formation of nitric oxide and water, and in 
the course of the present work it was found that nitric oxide is 
the only gaseous product of reaction between copper and an excess 
of V/3-nitrous acid, prepared by adding sodium nitrite solution 
to excess of dilute hydrochloric acid. Here, hyponitrous acid 
formed would, in the absence of nitric acid, be oxidised by the 
excess of nitrous acid. As in the case of very dilute nitric acid, 
it would be expected that very dilute nitrous acid would also 
produce some nitrous oxide. This has been verified in the case 
of V/50-nitrous acid, prepared as above, reacting with an excess 
of copper. Nitric oxide was produced, but at the end of the reac- 
tion the gas in solution was collected, and found to consist largely 
of nitrous oxide. The nitrous oxide was probably formed when 
the nitrous acid had become nearly exhausted. It is unlikely that 
the hyponitrous acid will be oxidised by nitrous acid in the 
presence of much nitric acid, as the nitrous acid in the neighbour- 
hood of the copper will react with it, and conditions will con- 
sequently be favourable for oxidation of the product by the nitric 
acid, if present in quantity. 

Further, Peters (Zeitsch. anorg. Chem., 1919, 107, 313) states 
that in the presence of carbon dioxide, a 5 per cent. solution of 
sodium nitrite reacts with copper, producing nitric and nitrous 
oxides, nitrate being formed in solution. Known constants for 
nitrous and carbonic acids show that about 0°25 per cent. of the 
nitrite will be present as free acid, which at this very small con- 
centration will react with the copper in the manner already dis- 
cussed, the same products being obtained. The nitrate would be 
formed by direct decomposition of the nitrous acid. 

Reference should finally be made to the work of Ackworth and 
Armstrong (T., 1877, 32, 54), where it is shown that copper salts 
in solution give rise to an increased yield of nitrous oxide. These 
authors used a small volume of nitric acid, and it is probable that 
as the acid became used! up, the nitrous acid accumulated in solu- 
tion would react with the hyponitrous acid formed. A deep blue 
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colour characteristic of complex copper salts was noticed when 
copper was dissolved in nitrous acid during the present work. 
This complex, in the case of Armstrong’s work, would diminish 
the concentration of free nitrous acid, thus leading to the form- 
ation of a greater quantity of nitrous oxide. 

So far, discussion has been confined to dilute acid. It has been 
shown (Ihle, Zeitsch. physikal. Chem., 1895, 19, 577) that nitric 
acid above 35 per cent. by volume will react in the absence of 
nitrous acid. This concentration corresponds with just under 
8NV. Reference tc the table (p. 86) shows that such acid yields 
nitrogen peroxide as well as trioxide. As a secondary reaction is 
not apparent in the experiments described with dilute acid, it is 
probable that the products obtained from stronger acid nearly 
represent primary ones. The nitrogen peroxide may be regarded 
as the product of the direct oxidation process by the nitric acid, 
the nitrous anhydride also obtained in quantity from 8N- and 
10N-acid being due to the simultaneous progress of both types of 
reaction. 


ExPERIMENTAL. 


When the experiment described at the beginning of this work 
was carried out quantitatively, it was found that the absorbing 
solutions contained nitrite corresponding with from 310 to 320 c.c. 
of V/10-permanganate for every gram of copper dissolved. This 
result was obtained with the product of reaction from acid of 
strength from 5NV to 15N. The theoretical quantity of perman- 
ganate corresponding with the reactions discussed is 318 c.c., being 
the same whether the product is nitrous anhydride, nitrogen tri- 
oxide, or nitrogen peroxide. Nitrous acid, if formed, would be 
expected, under the conditions described, to distil as anhydride, 
owing to the equilibrium 


2HNO, = H,0+N,0,. 


To distinguish between the possible products, it was necessary 
to determine the total nitrogen in the absorption vessel, apart from 
any that might distil there directly as nitric acid. For this pur- 
pose, the apparatus shown in the figure was constructed. Nitric 
acid was admitted after exhaustion to the vessel, A, containing 
the copper by means of the funnel, B. Nitric acid was condensed 
in C and returned to A. Gaseous products were absorbed in D 
and #, which contained sodium hydroxide solution. Connexion 
with the mercury pump was closed by a tap during reaction. 
Tests with this apparatus in the absence of copper showed that no 
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appreciable quantity of nitric acid distilled through the condenser 
when cooled to 10°. 

In the course of preliminary tests, using 10V and weaker acid, 
it was found that when the condenser was cooled to 0°, nitric 
oxide was produced there, the effect being still slightly apparent 
at 10° with 6N-acid. The probable explanation is that, gaseous 
trioxide being a mixture, at the lower temperature the nitrogen 
peroxide is partly condensed, thus allowing the nitric oxide to 
pass on and through the alkali unabsorbed. This effect would at 
once be apparent in the case of trioxide; if excess of peroxide were 
also present, greater condensation would have to take place before 
the composition fell below that corresponding with trioxide, when 
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complete absorption would cease and nitric oxide appear. The 
production of nitric oxide will be accompanied by a diminished 
quantity of products in the absorption train. 

In carrying out an experiment, the nitric acid was kept boiling, 
the temperatures shown in the table being the boiling points of 
the acid solutions in a vacuum. A slow stream of carbon dioxide 
was passed through the tube F to sweep the gaseous products from 
the condenser after removal of the acid vapour. For analysis, the 
nitrite in a portion of the absorption solution was determined with 
permanganate, and the total nitrogen in the residue estimated 
a’ ammonia by distillation with Devarda’s alloy. A series of 
results is shown in the following table. In each case, 0-250 gram 
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of copper was used, and at least ten times the quantity of acid 
needed for solution. 


Nor- Temper. 
Nitric mality Nitrogen Total N,O,. Nitrogen ature of 
acid. of Temper- asN,QO,. nitrogen. Per as NO. conden. 
D. acid. ature. Gram. Gram. Gram. ser. 
140 14:5 60° 0-0553 0-0980 
140 14-5 0-0546 0-1001 
1-30 10 0-0557 + 0-0616 
1-30 10 0-0560 0-0630 
130 86.10 0-0542 0-0600 
1°25 8 0-0542 0-0582 
6 
6 
6 
5 


Z 
9 


1-20 0-0550 0-0610 
1-20 0-0490 0-0490 
1-20 0-0420 0-0423 
1-17 0-0546 0-0595 


a=) 
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The theoretical quantity of trioxide to satisfy the reactions 
suggested is 0-0555 gram, the total nitrogen being the same when 
trioxide is the product, and twice the amount if peroxide is the 
only product. 

The blank tests showed that in the case of experiments 1 to 6 
there was no nitric acid distilled to make the total nitrogen value 
high. The small loss of nitrogen mentioned as occurring with the 


weak acid must still be considered as taking place, however, with 
the condenser at 10°. Although, as explained, this loss will not 
be apparent in the trioxide value, it will introduce an error of 
a few milligrams in the total nitrogen value. In the case of 
experiments 7 and 10, the value for the total nitrogen is higher 
than it should be; the copper in the case of the 6N-acid required 
a considerable time for solution, the acid occasionally “ boiled with 
bumping,” and unless the temperature of the condenser was as low 
as 10°, nitric acid reached the absorbers by direct distillation. 
Values such as are shown were repeatedly obtained, but it was not 
possible to secure a more definite result. As already indicated, 
the fact that the product from 5N- and 6N-acid more easily forms 
nitric oxide than that from 8V- and 10N-acid shows that it con- 
tains less peroxide. Considering the facts stated, it may be con- 
cluded that the product from 5NV- and 6N-acid is almost entirely 
nitrogen trioxide (nitrous anhydride). The low values for the 
products in experiments 8 and 9 will be raised to the same value 
as the others if allowance is made for the nitrogen lost, owing to 
the formation of nitric oxide, this value being nearly that 
demanded by theory. 

Allowing for the correction suggested for the products from 
more concentrated acid, the product from 14'5N-acid will contain 
85 to 90 per cent. of peroxide, the residue being trioxide, for 101- 
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acid there will be about 15 to 20 per cent. of peroxide, and for the 
3V-acid somewhat less. 

It was not practicable to carry out work with acid more dilute 
than 5, owing to the time taken for solution in a vacuum, prob- 
ably on account of the continuous removal of nitrous acid, which 
in consequence could not exert its usual “auto-catalytic ” effect. 


10 THE UNIVERSITY OF QUEENSLAND, 
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IX.—The Formation of Derivatives of Tetrahydro- 
ions naphthalene from y-Phenyl Fatty Acids. 
yhen 
the By Georce ARMAND Rosert Kon and ARNOLD STEVENSON. 
o § & [ue conditions governing the formation of dicyclic structures of 
Jue § the naphthalene type from benzene derivatives having a side-chain 
the gf not less than four carbon atoms are, at present, difficult to 
ith determine, because we have, as yet, little knowledge of the effect 
not § % the valency directions of carbon atoms caused by their par- 
of & “cipation in an aromatic nucleus. That, however, the conditions 
of & ae very similar to those which determine the formation of similar 
her | Monocyclic structures from open-chain carbon derivatives has been 
‘ed ff “early shown by experiments which have been carried out on the 
‘th @ formation of ring structures through the catalytic action of sodium 
ow & cthoxide on the relevant dinitrile. Thus it has been shown by 
* Moore and Thorpe (T., 1908, 93, 176) that the transformation 
ot 
d 2 
iy CH,"UN F 
ns ry , a CIN iT 

—_—> . 
ej ~— " et 
CH,°CN CH-CN 


takes place with the greatest ease, and by Thorpe (T., 1909, 95, 
1901) that the change 


CH,-CH,"CN CH,—CH 


bu,cu,cN ~  éHycaccnyO*4 


can, apparently, be effected with equal readiness. 
That six-membered rings of the two types also exhibit similar 
behaviour is to be inferred from the results of a number of experi- 
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ments, of which the transformation represented below may be 
taken as an example (Atkinson and Thorpe, T., 1906, 89, 1920): 


os: ‘NH Ps i YS, 
ma CO, Et “ ol Et JN J Okt 
NH, 


¥ (ue 
Scheme (a). 
It is therefore remarkable that hitherto no examples appear to 
have been recorded illustrating the formation of a six-carbon 
saturated ring by the elimination of water from a y-pheny] fatty 
acid through the combination of the hydroxyl group of the 
carboxylic complex with a hydrogen atom in the ortho-position of 
the benzene nucleus. The simplest compound which could exhibit 
this change would be y-phenylbutyric acid (I), but although this 


CH, 
New, , (Yn 


/ én VA 


a) 

acid has been made the subject of exhaustive study by several 
investigators, no record appears to have been made of any such 
reaction. The matter is an important one, because, if a change 
of this kind cannot be effected, it would indicate that there is an 
essential difference between the conditions determining ring forn- 
ation in open-chain compounds and those of the type under dis 
cussion, and that the latter are not readily formed unless there is 
the possibility of the production of the true naphthalene nucleus, 
as illustrated by scheme (a). 

That this is not the case is shown in the present paper, wherein 
is described the formation of derivatives of tetrahydronaphthalene 
from two typical derivatives of y-phenylbutyric acid. It is als 
shown that a derivative of y-tetrahydrophenylbutyric acid can be 
caused to undergo the same change. 

It was evident that, on theoretical grounds, the derivatives of 
y-phenylbutyric acid for use in these experiments should have 
been formed by hydrolysing the condensation products obtained 
by condensing a suitable ketone with ethyl cyanoacetate and 
ammonia in accordance with Guareschi’s method, but it has been 
ae eae Pn) CO Nunes ae i fas CO,H 

Et” Et’ \CH(CN)-Co” Et’ \OH,-C0,H 
(IL.) (III.) (IV.) 


+H,0O 


ear to 
varbon 
- fatty 
of the 
ion of 
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shown already by Kon and Thorpe (T., 1919, 115, 704) that the 
acid produced by hydrolysing the condensation product (III) 
formed from benzyl ethyl ketone (II) by means of sulphuric acid 
does not possess the expected formula (IV), but has an abnormal 
structure. Attention was therefore directed towards determining 
the structure of this abnormal product, as well as that derived 
in a similar manner from benzyl methyl ketone, and it was soon 
found that they were actually the tetrahydronaphthalene deriv- 
atives, (V) and (VI), which had been formed by the elimination 
of water during the process of hydrolysis. The correctness of this 


CH, 
4 ‘ea \cr- -OH,-CO,H CO \A at -CH,-CO,H 


LY Pa . 


CH, 
di ¥. \OEt-CH,00,H 
Wn 
So 
(VI.) 


view of the constitution of these acids was shown by the formation 
of semicarbazones and by the production of phthalic acid on 
oxidation with permanganate. 

In order to show that the condition of the benzene nucleus did 
not have any appreciable effect on the formation of the second 
ring, experiments were then carried out with the tetrahydro- 
ketone (cyclohexenylacetone, WII), and in this case also the 
hydrated naphthalene derivative (IX) is the sole product formed 
m hydrolysing the imide (VIII) with sulphuric acid. It seems, 

A co 
CH(CN): 
H, (-CH,-COMe fav wd, 


(VIII) 


\ 
2C  OMe-CH,-00,H 
OH, C CH, 


a 
CH, CO 
(IX.) 
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therefore, as if the ease with which a ring closes is influenced by 
the character of the groups attached to the B-position of the side. 
chain. It will be remembered that this point was raised in q 
recent paper (Day and Thorpe, T., 1920, 117, 1465), but it js 
evident that much more experimental evidence will be necessary 
before any definite pronouncement can be made. 

An attempt was made to prepare the simplest member of the 
phenyl series (X) by hydrolysing the condensation product (XI) 
produced from phenylacetaldehyde (XII) and cyanoacetamide in 
accordance with the method of Day and Thorpe (Joc. cit.), but up 
to the present we have only succeeded in obtaining a small quantity 
of the compound (XI), because, under the usual conditions, the 
chief product is evidently derived from the interaction of cyano- 


CH, CH, , 
( 6 \OH-CH,-CO,H 
\J\ /82 
CoO 
(X.) (XI.) 
( cH, CHO 


(XIT.) 


a¢_-CH(CN)-CO-NH 
p. CH<oH(CN): CONE 


acetamide and phenylacetaldehyde in equimolecular proportions. 
Its structure has not, as yet, been completely elucidated, and as it 
presents several points of interest, it is proposed to investigate it 
more fully. 

The behaviour of the acid (V) on regulated oxidation is interest- 
ing, a number of intermediate compounds being formed before | 
phthalic acid is finally produced. It is hoped to make these 
compounds the subject of a subsequent communication. 


ExPERIMENTAL. 


ac.-1-Keto-3-methyltetrahydronaphthyl-3-acetic Acid (V, 
p. 89). 


It was found that for the hydrolysis of the imide derived by 
Guareschi’s process (Atti R. Accad. Sci. Torino, 1900—1901, 36, 
443) from benzyl methyl ketone, Thole and Thorpe’s method (T., 
1911, 99, 445) did not give very satisfactory results, the best yield 
being obtained with a large excess of 50 per cent. sulphuric acid 
(by volume). Twenty grams of imide were heated under reflux 
with 400 c.c. of acid, with frequent shaking, until solution took 
place and evolution of gas ceased, when the liquid had become dark 


Lions. 
as it 
te it 


rest- 


efore | 


these 


TETRAHYDRONAPHTHALENE FROM y-PHENYL FATTY ACIDS. 91 


red. After diluting with 150 c.c. of water, it was extracted with 
her, yielding 12—-14 grams of crude product (theory, 16°3). 

The crude acid is yellow or brown, but on twice recrystallising 
jrom benzene, it is obtained in stellate clusters of colourless prisms 
melting at 155—156° (Found: C=71°35; H=6-:53. Cj,3H,,0, 
requires C=71°5; H=6°5 per cent. Silver salt. Found: Ag= 
32:97. C,3H,,0,Ag requires Ag=33°2 per cent.). It is a weak 
aid, not effervescing with sodium hydrogen carbonate, and, after 
boiling with 10 per cent. sodium hydroxide solution, it is pre 
dpitated by acid unchanged. The silver, mercuric, lead, cupric, 
chromium, aluminium, ferric, and ferrous salts form readily in the 
old from the ammonium salt, whilst the barium and calcium salts 
are soluble both in the cold and on boiling. 

The semicarbazone was prepared by warming an alcoholic solu- 
tion of the acid with semicarbazide acetate. On keeping, a dense, 
eystalline mass formed, which, on recrystallising from alcohol, 
eparated in fine needles melting at 221° (Found: N=15°44. 
(\,H,,O,N, requires N=15°3 per cent.). 

The oxidation to phthalic acid with potassium permanganate 
an be effected both in acid and alkaline solution. In the case 
of the former, 4 grams of the acid (V) were dissolved in 15Qc.c. 
of sulphuric acid (1 part of acid to 2 parts of water), and a warm, 
aturated solution of potassium permanganate was added, with 
heating, until the supernatant liquid, above the precipitate which 
formed, was pink. The excess of permanganate was destroyed 
with oxalic acid, and the liquid extracted with ether, when 1 gram 
of crude phthalic acid was obtained. After recrystallisation from 
alcohol and again from water, it melted and decomposed at 203°, 
and on heating with resorcinol gave fluorescein (Found: C=57-65; 
H=3-83. Cale.: C=57°8; H=3°'6 per cent.). 

The alkaline oxidation was carried out by dissolving the acid in 
sodium hydroxide solution, heating on the steam-bath, and adding 
a warm, saturated solution of potassium permanganate until the 
wlour persisted. After destroying the excess of permanganate 
vith sulphurous acid and filtering, the liquid was extracted with 
ether, the ethereal extract yielding crude phthalic acid, which was 
identified as before. 


ac.-1-Keto-3-ethyltetrahydronaphthyl-3-acetic Acid (VI, 
p. 89). 


In preparing this acid, it is advisable to use the pure imide, as 
otherwise an oil is formed, which prevents the separation of the 
aid. Eight grams of imide were heated under reflux with 160 c.c. 
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of sulphuric acid (1 part of acid to 1 part of water by volume), 
with frequent shaking, until solution took place and evolution of 
gas ceased. After diluting with water, it was extracted with 
ether, the ethereal extract giving on evaporation an oil, which 
solidified in a vacuum, yielding 1°4 grams of crude product. On 
recrystallisation from benzene and light petroleum, it separated 
in short, stout prisms, which adhered firmly to glass and melted 
at 79° (Found: C=72°18; H=6°65. C,,H,,O, requires C=72+4, 
H=6'9 per cent. Silver salt. Found: Ag=31°91. C,,H,,0,Ag 
requires, Ag=31-8 per cent.). The metallic salts resemble those 
of its homologue, the barium and calcium salts being soluble both 
in the cold and on heating, whilst the salts of the heavy metals 
are readily precipitated in the cold. 

The semicarbazone, prepared by treating an alcoholic solution of 
the acid with semicarbazide acetate, was twice recrystallised from 
alcohol, when it separated in needles melting at 210° (Found: 
N=14°73. C,,H,,0O,N, requires N=14°5 per cent.). 

The oxidation to phthalic acid was carried out in acid solution 
in the manner already described (p. 91), and was identified by 
the resorcinol test. 


. 


Condensation of cycloHexenylacetone with Ethyl Cyanoacetate: 
3 : 5-Dicyano-2 : 6-diketo-4-cyclohexenylmethyl-4-methyl piper. 
idine (VIII, p. 89). 


The ketone was prepared by Wallach’s method from cyclohexan- 
one and acetone (Annalen, 1912, 394, 362), 13-8 grams being con- 
densed with ethyl cyanoacetate and alcoholic ammonia by 
Guareschi’s method (Joc. cit.), giving 12 grams of crude imide. 
When twice crystallised from alcohol, it separated in colourless 
needles, which shrank and darkened at 190° and melted and decon- 
posed at 202° (Found: N=15'72. C,,H,,O,N, requires N=15°5 
per cent.). 


1-Keto-3-methyloctahydronaphthyl-3-acetic Acid (IX, p. 89). 


It was again found that the use of impure imide gave unsatis 
factory results. Concentrated sulphuric acid violently attacks the 
imide in the cold, but with an excess of 50 per cent. acid (by 
volume) the reaction proceeds smoothly. On heating under reflux 
until evolution of gas ceased, and then diluting and extracting 
with ether, an oil was obtained from the ethereal extract, which 
solidified on leaving in a vacuum, but the yield was rather poor, 
being only about 25 per cent. of the theoretical. On recrystallisa- 
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tion from ether, the acid separated in colourless crystals, which 
were, however, indefinite in form, melting at 90° (Found: 
(=70°05; H=817. C,,3H,O, requires C=70°2; H=8-2 per cent. 
Titration with WV/10-sodium hydroxide. Found: 8°25 cc. Cale. 
(monobasic): 8°05 c.c. Silver salt. Found: Ag = 32°81. 
C,3H,,0;Ag requires Ag=32°8 per cent.). 

The metallic salts closely resemble those of the two acids 
described above, the barium and calcium salts being soluble both 
in the cold and on heating, whilst those of the heavy metals form 
readily in the cold. 

The semicarbazone was prepared by treating an alcoholic solu- 
tion of the crude acid with semicarbazide acetate. It is very 
sparingly soluble in hot alcohol, and, after twice crystallising 
therefrom, formed spherical aggregates of needles melting and 
decomposing at 209—210° (Found: N=15°06. C,,H,,0,N, 
requires N =15°1 per cent.). 

The oxidation to phthalic acid was carried out with potassium 
permanganate and sulphuric acid in the manner described above, 
crude acid being employed. Phthalic acid was identified by the 
resorcinol test. 


Condensation of Phenylacetaldehyde with Cyanoacetamide. 


Cyanoacetamide (8:4 grams) and phenylacetaldehyde (6 grams) 
were dissolved in 50 c.c. of water and sufficient alcohol to effect 
complete solution, and 0°5 c.c. of a 50 per cent. aqueous solution 
of potassium hydroxide was added. 

The crystalline precipitate, which had formed in the course of 
twenty-four hours, was collected, and found to consist of two sub- 
stances, which can be separated by extracting the mixture with 
boiling alcohol. The insoluble residue, which forms small needles 
melting at 245°, is the diamide of aa!-dicyano-B-benzylglutaric 
aid, CH,Ph:CH[CH(CN)-CO-NH,], (Found*: C=62:00; H= 
535; N=20°57. C,,H,,O,.N, requires C=62°2; H=5:2; N=20°7 
per cent.). The quantity of this substance obtained up to the 
present is too small for the investigation of its behaviour on 
hydrolysis. 

The second substance, which separates on cooling the alcoholic 
extract, crystallises in needles melting at 204°. We have not yet 
succeeded in obtaining concordant figures on analysis, but the 
nitrogen content (13°8—14°0 per cent.) clearly indicates that the 
substance is formed by the condensation of cyanoacetamide and 
phenylacetaldehyde in equimolecular proportions. 


* We are indebted to Mr. J. N. E. Day for this analysis. 
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We are indebted to Professor J. F. Thorpe for mug 
valuable advice and for the interest he has taken in our work; 
our thanks are also due to Mr. W. S. G. P. Norris, of this College, 
for kindly preparing some of the materials required. 
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X.—The Action of the Chlorides of Sulphur a 
Substituted Kthylenes. Lhe Action ef Propylene 
on Sulphur Monochloride and the Synthesis of 
8g'-Dichlorodi-n-propyl Sulphide. 


By Samvuet Correy. 


GuTuRie (Quart. Journ. Chem. Soc., 1859, 12, 116), by the action 
of ethylene on sulphur dichloride, obtained impure BA’-dichlorodi- 
ethyl sulphide. Later (2b:d., 1860, 13, 134) he obtained the disul- 
phide by the action of ethylene on sulphur monochloride at 100°, 
but higher chlorinated products and tar were also formed in large 
quantity. In a recent communication Gibson and Pope (T., 1920, 
117, 271) have shown that sulphur monochloride and _ ethylene 
between the ordinary temperature and 70° give 68!-dichlorodiethy! 
sulphide, whereas above 70° the liquid darkens and hydrogen 
chloride is evolved as in Guthrie’s reaction. 

Apart from the work mentioned above, nothing is known of the 
reactions involved when sulphur chlorides act on olefines, although 
the action of “sulphur chloride” on oils, etc., has long been used 
as a “thermal” test for unsaturation. 

The aim of these investigations, of which this is only a preli- 
minary communication, is to study the action of sulphur chlorides 
on substituted ethylenes, to find the effect of the substituent on 
the course of the reaction, with a view to elucidate the complex 
changes which doubtless are involved in the thermal test mentioned 
above. 

Considering the mono-substituted ethylenes, the compounds most 
likely to be produced are of the types: 


CHRCI-CH,°S-S-CH,-CHRC1 CH,Cl-CHR-S-S-CHR:CH,Cl 
(I.) (II.) 


(CHRCI-CH,).S (CH,Cl-CHR),S 
(III.) (IV.) 
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The course of the reaction will no doubt depend on the temperature 
and the electrochemical character of the substituent group. 

In the case of a monoalkyl-ethylene, such as propylene, for 
example, the electropositive methyl group should cause the second- 
ary chloride to be produced as the main product, as in the case of 
iodine chloride (Michael, J. pr. Chem., 1892, [ii], 46, 345), and 
therefore the probable products will be $§/-dichlorodi-n-propyl 
disulphide (type I) and 88/-dichlorodi-n-propyl sulphide (type I11). 

Attempts to prepare these substances by the action of propylene 
m sulphur monochloride were not very successful, but a small 
quantity of BB’!-dichlorodi-n-propyl disulphide was obtained, from 
which a barium chloropropanesulphonate was produced on oxida- 
tin. BB’-Dichlorodi-n-propyl sulphide, which was not formed in 
this reaction, was prepared from propylene chlorohydrin by Clarke’s 
modification of V. Meyer’s method (T., 1912, 101, 1583) for the 
production of SB/-dichlorodiethyl sulphide : 


CH,-CH(OH)-CH,Cl —> (CH,-CH[OH]-CH,),S > 
(V.) 


(CH,*CHCI-CH,),S. 
(VI.) 


ExPERIMENTAL. 
Action of Propylene on Sulphur Monochloride. 


The sulphur monochloride was repeatedly distilled from sulphur 
and finally fractionated in a vacuum over charcoal ; 2°5 per cent. of 
sulphur was dissolved in the amber-coloured liquid. 

The propylene was prepared by the action of phosphoric acid on 
isopropyl alcohol (Newth, T., 1901, 79, 915). The dried propylene 
was passed into the sulphur monochloride (40 grams) at a rate of 
about a litre per hour, the absorption vessels being kept at constant 
temperature. 

At 60° the sulphur monochloride soon became brown and gela- 
tinous, and finally changed into a viscid, black product through 
which the gas would not pass. During the whole time much hydro- 
gen chloride was evolved. When distilled in a current of steam the 
product furnished only about 1 gram of volatile oil. 

In the next experiment the absorption was started at 40° and 
the temperature was never allowed to rise above 50°. Ten litres of 
gas (approximately 20 grams) were passed through three tubes, each 
of which contained 15 grams of sulphur monochloride, before all the 
chloride had become dark brown and semi-solid. The product was 
extracted with chloroform and then distilled (18—25 mm.), when 
asmall quautity (5 grams) of a red oil (A) passed over at 113—120°. 
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The residue was a black tar (more than 25 grams). During the 
distillation much hydrogen chloride was evolved. The distillate, at 
first pale yellow, gradually became red as it passed over. 

It was vigorously oxidised by concentrated nitric acid (D 1°4) in 
the cold, but nothing but a little sulphur separated on dilution, 
Thus the reaction was totally different from that of nitric acid on 
BB'-dichlorodi-n-propyl sulphide (p. 97). 

The filtered solution was evaporated until free from nitric acid, 
when a pale yellow, viscous, strongly acid liquid was left. This was 
diluted with water, boiled with barium carbonate, and the filtrate 
evaporated to incipient crystallisation, when a barium salt 
separated on cooling. A little barium sulphate was also obtained. 

The barium salt was only sparingly soluble in alcohol, but readily 
s2 in cold water or hot, 75 per cent. alcohol, from which it crystal- 
lised in colourless, nacreous plates. It contained sulphur and 
chlorine, and on treatment with phosphorus pentachloride gavea 
very easily hydrolysable sulphonyl chloride (Found, in air-dried 
salt, H,O=5°25. (C,;H,O,C1S),Ba,1}H,O requires H,O=5'6 per 
cent. Found, in anhydrous salt, Ba=30°7. (C,;H,0,CIS),Ba 
requires Ba=30°4 per cent.). 

This was therefore the barium salt of a chloropropanesul phon 
acid, and the original substance was in all probability BB!-dichloro- 
di-n-propyl disulphide. 


BB'-Dihydrozydi-n-propyl Sulphide (V). 


Propylene chlorohydrin was prepared from allyl chloride by 
Oppenheim’s method (Annalen Suppl., 1868, 6, 367), for as Smith 
(Zeitsch. physikal. Chem., 1918, 93, 59) has shown recently, this is 
the only method which does not give a mixture of a- and B-chloro- 
hydrins. 

Twelve grams of propylene chlorohydrin were gradually added to 
37 grams of crystallised sodium sulphide dissolved in an equal 
weight of water. The mixture became warm, and was cooled in 
water, but after a short time the development of heat ceased. The 
mixture was heated on a water-bath for one and a-half hours; 4 
pale brown oil gradually separated, but partly redissolved on cool 
ing. The product was then just acidified with hydrochloric acid. 
The slightly turbid solution was distilled in a vacuum, when 4 
yellow oil gradually separated along with sodium chloride. The 
residue was shaken with alcohol and the extract evaporated in 4 
vacuum until no more distilled. The B8/-dihydroxydi-n-propyl sul 
phide was left as a non-volatile, pale yellow, viscous liquid, soluble 
in water or alcohol, and heavier than water. The product was nd 
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purified further, but used for the preparation of 8f’-dichlorodi-n- 
propyl sulphide. The yield was 80 per cent. of the theoretical. 


BB'-Dichlorodi-n-propyl Sulphide (V1). 


The preceding compound (9 grams) was added to concentrated 
hydrochloric acid (70 c.c.), when a pale pink, turbid solution was 
produced. This was then heated on a water-bath for one and 
whalf hours, when it gradually became more and more turbid, and 
a heavy, dark brown oil gradually separated. It was extracted 
with chloroform and distilled in a vacuum, when a colourless oil, 
boiling at 122°/23 mm., passed over. When the temperature 
quickly rose to 126°/23 mm. the distillation was stopped. The yield 
of BB’-dichlorodi-n-propyl sulphide was 7 grams, and the residue 
amounted to less than 1 gram. 

BB'-Dichlorodi-n-propyl sulphide is a colourless oil, boiling at 
122°/23 mm., which does not freeze on cooling to —8° for half an 
hour. It has properties very similar to its lower homologue, “ mus- 
tard gas,” except that apparently it has no vesicant action (Found, 
(l=38'10. C,H,.C1,S requires Cl=37°90 per cent.). 

When heated with alcoholic potassium hydroxide solution the 
cilorine is displaced quantitatively with the production of the 
dihydroxy-compound. 


Oxidation of BB’'-Dichlorodi-n-propyl Sulphide. 


When added to an excess of nitric acid (D 1-4) oxidation took 
place smoothly and a clear solution was obtained. On leaving for 
twenty-four hours and diluting, a heavy, viscid oil separated, which 
from its solubility in concentrated acid and insolubility on dilution 
appeared to be the sulphoxide (compare Davies, T., 1920, 117, 
299). In the hope that some crystalline compound might be 
obtained, this oil was heated for some time at 100° with more con- 
entrated nitric acid. A rather vigorous oxidation took place, and 
m dilution a little oil separated; on concentrating the clear solu- 
tion a solid melting at 100—102° crystallised, which was, in all 
probability, the corresponding sulphone. 

Another product of the reaction was sulphuric acid, showing that 
wder these conditions 88/-dichlorodi-n-propyl sulphide is com- 
pletely decomposed. 


ADDENDUM. 


Since these results were obtained, a paper by Conant, Hartshorn, 
and Richardson (7. Amer. Chem. Soc., 1920, 42, 485) has appeared, 
VOL. CXIX. E 
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in which it is shown that the production of 88/-dichlorodiethy] sul- 
phide involves two reactions. An _ intermediate product, 
CH,Cl-CH,°SCl, has been obtained from ethylene and sulphur§f.. 
dichloride, which evolves hydrogen chloride very easily and when 
warmed with sulphur gives a black tar. In the case of sulphur 
menochloride, a similar product is obtained, and unless the sulphur 
is crystallised from the colloidal solution after the reaction, a black 
tar, (CH,Cl-CH,).8,, is formed. 

The results given in this paper are in agreement with those fF 
described above, and probably a similar series of reactions takes 
place in the case of propylene, to some extent, but 88’-dichlorodi-n- 
propyl sulphide has not yet been detected. 


The author desires to express his indebtedness to Professor F. 8. 
Kipping, F.R.S., for his interest in and criticisms of this work. 
THe CHEMICAL DEPARTMENT, 


UNIVERSITY COLLEGE, 
NoTrTrinGHaM. [Received, December 9th, 1920.] 


X1.—2 :4 : 6-Trinitrotolylmethylnitroamine. 


By Oscar LisLe Brapy and Wriit1aAm Howieson Gisson. 


TRINITROTOLYLMETHYLNITROAMINE has been described by Blanksma 
(Ree. trav. chim., 1902, 21, 327), who prepared it by the nitration 
of 2:4:6-trinitromethyl-m-toluidine obtained by the action of 
methylamine on 2:4 :6-trinitro-m-tolyl methyl ether. The prepara- 
tion of this compound from 2:3:4- and 3:4 :6-trinitrotoluenes has 
now been studied. 

In 2:3:4- and 3:4:6-trinitrotoluenes one of the nitro-groups is 
mobile and is readily displaced by treatment with amines. In the 
case of the latter compound Hepp (Annalen, 1882, 215, 344) 
showed that it was the 3-nitro-group that was displaced. In the 
case of 3:4:6-trinitrotoluene it has been shown that the dinitro- 
toluidine obtained by the action of ammonia is the same as that 
obtained as the main product in the nitration of aceto-m-toluidide 
(Cook and Brady, T., 1920, 117, 751), and the synthesis of 2:4:6- 
trinitrotolylmethylnitroamine from 3:4:6-trinitrotoluene confirms 
the fact that the 3-nitro-group is also the mobile one in this com- 
pound. These trinitrotoluenes accordingly follow the rule given 
by Meldola (T., 1908, 98, 1659) for the mobility of groups im 
negatively substituted benzene derivatives. 
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When 2:3:4- and 3:4:6-trinitrotoluenes are treated with methyl- 
amine or dimethylamine the corresponding dinitromethyl-m-tolu- 
dines and dinitrodimethyl-m-toluidines are formed, all of which 
frm 2:4:6-trinitrotolylmethylnitroamine on nitration. 

In the case of the dinitromethyl-m-toluidines the first action of 
ihe nitrating acid apparently consists in the formation of a dinitro- 
jitroamine, more energetic nitration resulting in a further nitro- 
goup entering the ring. It has not been found possible to obtain 
):4:6-trinitromethyl-m-toluidine by direct nitration of either 
}:4- or 4: 6-dinitromethyl-m-toluidine, but it has been prepared by 
initration of the nitroamine. In the case of the dinitrodimethy]l- 
ntoluidines the intermediate trinitrodimethyltoluidine has not 
een obtained ; these compounds are not acted on by nitric acid of 
density 1°4, and are completely nitrated with the elimination of a 
methyl group by nitric acid of density 1°5 or by a mixture of 
litric and sulphuric acids. The reactions are summarised 


mp. 100. 


EXPERIMENTAL. 


2:3:4- and 3:4:6-Trinitrotoluenes.—The nitration of m-nitro- 
toluene is described by Hepp (Joc. cit.). A mixture of 2:3:4- and 
3:4:6-trinitrotoluenes is obtained, and Drew (T., 1920, 117, 1615) 
has shown that about 7 per cent. of 2:3:6-trinitrotoluene is also 
oduced. Hepp separated the 2:3:4- and 3:4:6-compounds by 

ystallisation from carbon disulphide. A more convenient method 

i preparation and separation than that described by Hepp is as 


A mixture of 160 c.c. of nitric acid (D 1°42) and 340 c.c. of sul- 
phuric acid (96 per cent.) is added in small portions at a time to 
25 grams of m-nitrotoluene, the temperature being kept in the 
neighbourhood of 50°. When all the acid has been added, the mix- 
ure is slowly heated to 100° on the water-bath and kept at this 
mperature for thirty minutes with frequent shaking. The mixture 
then allowed to cool to 50° and separated. The oil is added 
lowly to a mixture of 180 c.c. of nitric acid (D 1°5) and 410 c.c. of 
slphuric acid (96 per cent.). The mixture is warmed to 70° and 
ept at that temperature for thirty minutes with frequent shaking, 
id then cautiously heated to 100°, at which temperature it is kept 
one hour. ‘The oil is separated from the acid while still hot, run 
ito cold water, and washed by the injection of steam until free 
tm acid. On cooling and keeping, the oil sets to a pasty solid, 
hich is collected and dissolved in boiling alcohol (about 100 c.c. of 
») per cent. spirit for 12 grams of the mixture). The solution is 
poled to about 50° and seeded with a little pure 3:4: 6-trinitro- 
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sluene and shaken vigorously. After two to three minutes a fair 
quantity of solid will have separated in the form of sandy crystals, 
which are at once collected. The filtrate is precipitated with water, 
and the solid, after being freed as much as possible from water by 
pressing, dissolved in boiling glacial acetic acid (about 100 c.c. of 
acid for 50 grams of solid). The solution is cooled to about 60°, a 
very small quantity of water added, and a crystal or so of 2:3:4- 
trinitrotoluene. When a small quantity of solid has separated, this 
is filtered off rapidly. The filtrate is diluted with water and the 
slid again crystallised from alcohol, and so on. Some little experi- 
ence is required to judge the amount of solid which should be 
allowed to separate from the alcohol and acetic acid before filtering. 
The solid separating from alcohol should consist of sandy crystals 
if fine needles separate the solution has been cooled too much 
ad must be re-heated), which should melt not lower than 97° and 
the solid from acetic acid not lower than 104°. With these limits 
fairly large crops of crystals can be obtained, and the process is 
not unduly prolonged. The crops from alcohol are combined and 
aystallised from alcohol, when 3:4:6-trinitrotoluene is obtained 
pure. The crops from acetic acid are again crystallised from acetic 
acid and then from alcohol, when 2:3: 4-trinitrotoluene is obtained. 
In these final crystallisations the solutions may be allowed to 
become quite cold. 

In one experiment two portions of 225 grams of m-nitrotoluene 
were nitrated; 620 grams of mixed trinitrotoluenes were obtained 
(84 per cent.). Three crystallisations from alcohol and three from 
acetic acid followed by one crystallisation of the combined crops 
from alcohol and from acetic acid and alcohol respectively yielded 
00 grams of pure 3:4:6-trinitrotoluene and 100 grams of pure 
):3:4-trinitrotoluene. 

2:4-Dinitromethyl-m-toluidine.—Twenty grams of 2:3 :4-trinitro- 
toluene are dissolved in 250 c.c. of hot alcohol, and a solution of 
igrams of methylamine hydrochloride in a small quantity of water 
isadded, followed by 12 ¢.c. of ammonium hydroxide (D 0°880) drop 
bydrop. As the ammonia is added, the liquid darkens, but rapidly 
turns to a clear, orange colour. The mixture is then boiled for a 
few minutes, cooled, and water added cautiously until crystallisa- 
tion begins. The solid is washed with water to remove ammonium 
thloride and crystallised from alcohol, when 2 :4-dinitromethyl-m- 
toluidine separates in long, flat, orange needles melting at 81°, 
readily soluble in hot and sparingly so in cold alcohol (Found, 
N=19°7. C,H,O,N, requires N=19°9 per cent.). 

4:6-Dinitromethyl-m-toluidine.—The preparation is the same as 
that of the above compound, substituting 3:4 :6-trinitrotoluene. 

* 
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Soon after the addition of the first drops of ammonia the compound 
begins to separate, and the addition of water during cooling js 
unnecessary. 4:6-Dinitromethyl-m-toluidine crystallises from boil- 
ing alcohol, in which it is sparingly soluble, in yellow needles melt. 
ing at 173° (Found, N=20°0. C,H,O,N; requires N=19°9 per 
cent.). This compound is possibly the same as that described by 
Wurster and Riedel (Ber., 1879, 12, 1800), who obtained it by the 
nitration of dimethyl-m-toluidine and found its melting point to be 
168°. They regarded it, however, as a dimethyl derivative. 

2 :4-Dinitrodimethyl-m-toluidine—Twenty grams of 2:3:4-tr- 
nitrotoluene in 250 c.c. of boiling alcohol are treated with 9 grams 
of dimethylamine hydrochloride and 12 ¢.c. of ammonium hyd. 
oxide. The mixture is diluted with two to three times its bulk of 
water and extracted with ether. After evaporating the dried 
ethereal extract, 2:4-dinitrodimethyl-m-toluidine remained as an 
orange, uncrystallisable oil. 

4:6-Dinitrodimethyl-m-toluidine.—Ten grams of 3:4: 6-trinitro 
toluene in 100 c.c. of boiling alcohol are treated with 4°5 grams of 
dimethylamine hydrochloride and 6 c.c. of ammonium hydroxide. 
The mixture is cooled, diluted slightly with water, and the solid 
which separates crystallised from alcohol. 4 :6-Dinitrodimethyl-n- 
toluidine separates in yellow needles, melting at 107°, more readily 
scluble in organic solvents than the corresponding monomethyl 
derivative. This compound has been prepared by Wurster and 
Riedel (loc. cit.) by the nitration of dimethyl-m-toluidine in acetic 
acid solution. 

2:4:6-Trinitrotolylmethylnitroamine.—For the preparation of 
this compound 2 :4- or 4 :6-dinitro-methyl- or dimethyl-m-toluidines 
may be employed, or a mixture of these obtained by the action of 
crude methylamine hydrochloride containing dimethylamine on a 
mixture of 2:3:4- and 3:4:6-trinitrotoluenes. Forty grams of the 
compound are added in small quantities at a time to 100 ce. of 
nitric acid (D 1-5) warmed to 50°. Copious red fumes are evolved, 
particularly when dimethyl derivatives are present, and when all 
the solid has been added the mixture is heated on the water-bat) 
until the evolution of nitrous fumes ceases. The mixture is then 
cooled and water added, when trinitrotolylmethylnitroamine sep 
rates out, usually as an oil, which solidifies on keeping. The solid 
is washed thoroughly and crystallised from alechol, to which a few 
drops of acetic acid have been added, or from a mixture of alcobd 
and benzene. Trinitrotolylmethylnitroamine has a remarkable 
tendency to separate from solvents in an oily condition, and cot 
siderable difficulty is generally experienced in crystallising it 
When the solid is fused it supercools to a viscid mass in which 
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aystallisation is very slow, extending over months. Further, in 
the presence of alcohol, it is very sensitive to alkalis, much more 


-§ ., than trinitrophenylmethylnitroamine, and when crystallised from 


solid 
few 
oho! 


cable 


“B cohol in glass vessels sufficient alkali is introduced to impart a 


faint violet tinge to the product. The addition of hard water to 
an alcoholic solution produces a marked colour in the product which 
erystallises out. 

4:6-Dinitrotolylmethylnitroamine.—Five grams of 2:4-dinitro- 
methyl-m-toluidine are added to 50 cc. of nitric acid (D 1°42) 
yarmed to 50°. The mixture is kept at 50° for five minutes and 
then filtered while hot through glass-wool, 20 ¢.c. of water are 
added, and the whole is cooled when the nitroamine separates 
wt. 4:6-Dinitrotolylmethylnitroamine crystallises from acetone or 
water in yellow plates melting and decomposing at 157° (Found, 
N=21'8. C,H,O,N, requires N=21°9 per cent.). This compound 
m further nitration with fuming nitric acid yields trinitrotolyl- 
methylnitroamine. The nitro-group attached to nitrogen is removed 
by heating 1 gram with a solution of 0°5 gram of phenol in 20 c.c. 
of 80 per cent. sulphuric acid on the steam-bath for thirty minutes. 
The colour of the solution changes through blue to violet, and 
finally brown. After cooling, the mixture is poured into water, 
ihe solid which separates washed with ammonia and crystallised 
from acetone and alcohol with the addition of animal charcoal, 
when 4:6-dinitromethyl-m-toluidine is obtained and identified by 
the method of mixed melting points. 

2:4-Dinitrotolylmethylnitroamine.—This compound is prepared 
ina similar manner to the above from 2 :4-dinitromethyl-m-tolu- 
idine, and crystallises from alcohol in very pale yellow needles 
melting at 111° (Found, N=21°8. C,H,O,N, requires N=21°9 per 
cent. ). 

On further nitration with fuming nitric acid it also yields 
2:4:6-trinitrotolylmethylnitroamine, but when treated with phenol 
and sulphuric acid 2:4:6-trinitromethyl-m-toluidine is obtained 
and not 2:4-dinitromethyl-m-toluidine, as would be expected. The 
posibility of this substance being 2:4: 6-trinitrotolylmethyl- 
nitrosoamine was eliminated by the preparation of this compound, 
which was found to be quite distinct. Apparently the nitro-group 
ia 2:4-dinitrotolylmethylnitroamine migrates to the ring so readily 
in the presence of sulphuric acid owing to the para-position being 
free that this reaction takes place in preference to the nitration of 
the phenol by the nitroamino-group. 

2:4:6-Trinitrotolylmethylnitrosoamine.—Six grams of 2:4:6- 
trinitromethyl-m-toluidine are suspended in 50 c.c. of glacial acetic 
acid and 30 c.c. of a 20 per cent. solution of nitrogen peroxide in 
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acetic acid added. The mixture becomes slightly warm, and the 
solid dissolves completely. Water is gradually added with thorough 
shaking, when a buff, granular precipitate is formed, which js 
crystallised from aleohol. 2:4:6-T7rinitrotolylmethylnitrosoamine 
crystallises in pale buff, sandy crystals melting at 120° (Found, 
N=24'8. C,H,O,N, requires N=24'6 per cent.). 

2:4-Dinitrotolylmethylnitrosoamine and 4:6-Dinitrotolylmethyl- 
nitrosoamine.—These compounds are prepared in a similar manner 
to the above from 2:4- and 4:6-dinitromethyl-m-toluidine respec. 
tively. 2 : 4-Dinitrotolylmethylnitrosoamine crystallises from 
alcohol in colourless needles melting at 65° (Found, N=235, 
C,H,O;N, requires N=23°3 per cent.). 4:6-Dinitrotolylmethy. 
nitrosoamine crystallises from alcohol in brilliant, yellow needles 
melting at 94° (Found, N=23°6. C,H,O;N, requires N = 23°3 per 
cent.). 

2:4:6-Trinitromethyl-m-toluidine.—It was not found possible to 
regulate the conditions of nitration of the dinitromethyl-m-tolu- 
idines so as to obtain this compound directly. It may, however, be 
prepared from these compounds by nitrating them first to trinitro- 
tolylmethylnitroamine and removing the nitro-group attached to 
the nitrogen atom. Five grams of the nitroamine are added in 
small portions at a time to a solution of 4 grams of phenol in 50 ee. 
of 80 per cent. sulphuric acid at 50°, and the temperature is 
cautiously raised to 90°. After heating at 90° for thirty minutes 
the product is treated as in the denitration of 4:6-dinitrotolyl- 
methylnitroamine (see above), and the 2:4 :6-trinitromethyl-m- 
toluidine crystallised from a mixture of acetone and alcohol. This 
compound is identical with that obtained by Blanksma (oc. cit.) 
by the action of methylamine on 2:4 :6-trinitrotolyl methyl] ether. 

The authors wish to express their thanks to the Director oi 
Artillery for permission to publish these results. 


RESEARCH DEPARTMENT, 
Royat ARSENAL, 
WooLwicu. [Received, December 8ih, 1920] 
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\I.—Organic Derivatives of Tellurium. Part III. 
Crystallographic and Pharmacological Comparison 
of the a- and B-Dimethyltelluronium Dihaloids. 


By IsaBEL Exttie Knaccs and Ricuarp HENRY VERNON. 


Qr the six dimethyltelluronium dihaloids, the two iodides were 
the most suitable for crystallographic investigation, which was 
arried out by one of us (I.E.K.) in the Mineralogical Depart- 
ment under the direction of Mr. A. Hutchinson. 


a- or “trans”’-Dimethyltelluronium Di-iodide, eee. 


This was prepared in the usual manner, and the large crystals 
from chloroform or benzene were examined. 

Crystal System.—Monoclinic. Class: holohedr4l. Axial angle= 
72°21’. Axial ratio: a:6:c=0°5578:1:0-°4310. 


Forms Observed. 


A={100}, B= {010}, C= ee k= {201}, m= {110}, 
m'={120}, m”={130}, g={011}, 7= {021}, o= {111}, o/={111}, 
n={121}. 

Table of Angles. 


No. of Mean 
measure- ob- Caleu- Differ- 
Angle measured. ments. Limits. served. lated. ence. 
2 72°21’ —72°214’ 72°21’ 72°21’ 0’ 
6 70°2’ —70°14’ 70°9’ * 
3 37°26’ —37°34’ 37°30’ ° 
7 32°34’ —32°27’ rir SC 
18 43°10’ —43°24’ 43°16’ * 
61°48’ —62°10}’ 62°2’ 62°’ 
67°17’ —67°44’ 67°39’ 67°39’ 
50°30’ —50°46’ 50°37’ 60°344’ 
74°28’ —74°31’ 74°30’ 74°22’ 
34°19’ —34°22’ 34°20’ 34°21’ 
73°58}’—74°10}’ 74°5’ 74°3’ 
40°26’ —40°33’ 40°31’ 40°31’ 
53°29’ —53°31’ 53°30’ 53°27’ 
44°3’ 44°3’ 

29°31’ —29°52’ 29°45’ 
40°354’—-40°47’ 40°41’ 
78°1’ —78°22’ 78°9’ 
44°41’ —45°0’ 44°51’ 
56°294’—57°14’ 57°3’ 

55°18’ 

§2°22’ 

16°33’ 
45°284’—45°35’ 45°33’ 


i 
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Habit.—Short, prismatic, terminated at either end by a large 
macrodome, k, and by a variable number of smaller domes and 
pyramids (Fig. 1). 

Cleavage.—None observed. 

Specific Gravity.—Determined by weighing in water, D /* 3-338 
(corrected). 

Topic A xes.—y : ) : w =4°537 : 8133 : 3°506. 

Optical Characters.—Refractive index, high. By immersion 
method, greater than 1°74. On looking through a crystal perpen- 
dicular to B, strong pleochroism was observed, the colour changing 
from light red to very dark red. The maximum absorption of 
light takes place for vibrations parallel to the extinction direction, 
which makes an angle of 45° with the vertical axis, Z, in the acute 
axial angle. It was not possible to obtain an ‘optic picture in 
convergent light owing to the great absorption. 


Me. 
Me 


B- cr “cis ”-Dimethyltelluronium Di-iodide, 1>Te< 


This was prepared from the f-base and crystallised from methyl 
alcohol. The crystals examined were small, but well defined. In 
reflected light they had a black, metallic lustre. 

Crystal System.—Monoclinic. Class: holohedral. Axial angle= 
76°52’. Axial ratio: a:b:c=0-5465:1:0°4222. 


Forms Observed. 


Auf = {010}, C= {001}, m= {110}, g = {011}, 
o’ = {111}, nm’ = {121}. 


Table of Angles. 


No. of Mean 

measure- ob- Caleu- _Differ- 
Angle measured. ments. Limits. served. lated. ence. 
= (100) : (001) 76°50’ —77°31’ 77°16’ 76°52’ 24’ 
= (010) : (110) 61°48’ —62°8’ 61°59’ bd — 
= (001): (011) 22°54’ —22°34’ 22°18’ 22°21’ 3” 
= (011): (121) 38°233’—39°20’ 38°55’ 39°8}’ 134’ 
= (121) : (110) 51°6’) —51°25’ = 1°15’ * — 
= (001) : (121) 52°53’ —53°59’ 53°27’ 53°31’ + 
= (010) : (121) 53°21’ —53°47}’ 53°37’ . 
= (121) : (111) 15°554’—16°10’ 16°24’ 16°84’ 6’ 
= (100) : (121) 67°2’ —67°14’ 67°74’ 66°50’ 173° 
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* The habit is characterised by the small development of the prism 
faces, m{110}, and by the large development of the form n/{ 121}. 
Faces of the forms C'{001}, 0’{111}, and some small dome faces are 
also present (Fig. 2). 
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large 


Had the Bcrystals alone been under consideration, it would have 
$ and 


been natural to regard the faces of the forms {121} and {111} as 
prisms having indices {120} and {110} respectively. In order, 
however, to bring out the relationship which exists between the 
a and #-crystals, it was found necessary to adopt the orientation 


3338 


given above. 
"Clea vage.—None observed. 

Specific Gravity.—Determined by weighing in water, Dj*=3'305 
(corrected ). 
Tupic A xes.—y : Pp: w=4°488, 8214, 3°468. 
Optical Characters—Refractive index: high; as found by the 
immersion method, greater than 1°74. Absorption: very high, the 
rystals being nearly opaque. Observations as to the pleochroism, 
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a-Di-iodide. 8-Di-iodide. 


herefore, could not be made, nor could an optic picture be obtained 
n convergent light. 

The chief feature of interest in this investigation is a comparison 
between the two crystals (Figs. 1 and 2). 

Although at first sight the crystals appear very different, this is 
lue entirely to difference of habit. In reality, a large number of 
orms, {001}, {O11}, {110}, {010}, {121}, are common to each 
ubstance, and the angles in the prominent zones and the axial 
atios show striking similarity. This is most marked in the zones 
010,110], [010,011], in which the angles are almost identical, and 
he divergence is greatest in the zone parallel to the diad axis of 
ymmetry, the acute axial angles differing by as much as 4} degrees. 
the close similarity of form also finds expression in the topic axes, 
he values of x and w for the B-compound being slightly less, and 
hat of y slightly greater, than is the case for the a-compound. 

The difference of habit is mainly due to the large development 
E* 2 


108 KNAGGS AND VERNON : ORGANIC DERIVATIVES OF TELLURIDy 


of &{201} in the a-compound and its absence in the 8-compound 
in which n/{121} plays a prominent part. 

The similarity of the two forms is so close that they stand 4 
one another much in the same relation as the members of q 
isomorphous series. The small size of the crystals, their opacity 
and high refractive index have precluded a detailed comparisoy 
of their optical properties, nor has it been found possible to prepay 
mixed crystals containing both compounds. 

In marked contrast to the similarity in crystalline structure 
the a- and B-iodides is the totally different physiological behavio 
of the a-haloids as compared to the corresponding f ones. 

The iodides were not used for the pharmacological investigation 
as they are insoluble in water, but the chlorides and bromides we 
eminently suitable for this purpose. 

Dr. W. E. Dixon, who is still investigating these substances, angi 
will shortly publish a full statement of his results in an appropriat 
journal, has kindly sent the following note: 

“Both these organic compounds of tellurium when taken int 
the animal body are excreted from the lungs as dimethyl] telluride 
a substance which exerts little physiological action apart from iti 
odour. 

“Before this change occurs in the body, the a- and B-compount 
exert specific actions of an entirely different nature. The form 
slows and weakens the heart, and the blood-pressure falls. It als 
stimulates plain muscle, particularly that of the uterus an 
intestine, to increased activity. Its action on the central nervo 
system is almost negligible. 

“The B-compound has the most profound stimulant action o 
the medulla, giving rise to an increase of blood-pressure an 
increasing the depth and rapidity of respiration. Generally befo 
the blood-pressure has reached the normal again, a second ris 
occurs; this is due to the liberation of adrenalin from the supr 
renal glands, upon which the B-compound exerts a unique al 
specific effect not comparable with that produced by any othe 
known chemical. Large doses of the B-compound, such as 60 millid 
grams to a cat, paralyse the whole nervous system—brain, sping 
cord, and motor nerves.” 


UNIVERSITY CHEMICAL LABORATORY, 
CAMBRIDGE. [Received, December 17th, 1920. 
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Part I. 


By Tuomas IREDALE. 


fund that they appeared to follow the order of Zsigmondy’s “ gold 
pumber” series (Zeitsch. anal. Chem., 1901, 40, 697; “ Colloids 
bad the Ultramicroscope,” 1914, 79) in their activity in this 
respect. It appeared desirable, however, to extend investigations 
in this direction, as the experimental results obtained by Groh were 
too few to permit of a general statement as to the relative effects of 
iiferent protective colloids. A number of these colloids have now 
een examined in this regard, and it has been found that, in 
id@eeneral, the stronger a substance is as a protective colloid the 
itfreater will be its inhibition of catalytic activity, and that a sub- 
ance like sucrose, which is without protective effect, is likewise 
ithout inhibitive effect. 

Now in view of the circumstances in which the protective colloids 
qare examined in the two cases—Zsigmondy’s coagulation method 
and Gréh’s catalytic method—there is nothing altogether surprising 
in these results. From superficial considerations they might almost 
be anticipated, and the author was inclined to believe that they 
wight throw considerable light not only on the mechanism of pro- 
tective action, but also on the processes involved in the hydrogen 
peroxide decomposition. Unfortunately, owing to war conditions, 
igGr6h's paper itself was not available, and the author had to be 
content with abstracts (A., 1915, ii, 239; Chem. Abstracts, 1915, 7). 
From these it does not appear that Groh advanced any thorough 
@agument to account for his results, but he seems to have en- 
deavoured to obtain a relation between the gold number of protec- 


spi@five colloids and the extent of their inhibitive effect, the significance 


of which seems, at present, a little obscure. 
It is necessary to examine the analogy more thoroughly. In this 


20.Jconnexion some recent remarks made by workers in this field are of 


interest. Bancroft (J. Physical Chem., 1917, 21, 775) considers 
that a substance like gelatin may increase the degree of dispersity 
of the catalyst, thus exposing a larger surface with increased cata- 
lytic activity, but that this effect may be more than counter- 
balanced by the presence of the gelatin itself, which hinders the 
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adsorption of the hydrogen peroxide. There is no evidence that 
protective colloids increase the degree of dispersity of a metal gol 
already formed, and in view of Rusznyak’s work (Zeitsch. physikal, 
Chem., 1913, 85, 681) on the decreased catalytic activity with 
increased dispersity, Bancroft’s argument seems scarcely reason. 
able. 

Rideal (J. Amer. Chem. Soc., 1920, 42, 749) considers that diffu- 
sion is the chief factor concerned in the rate of decomposition of 
hydrogen peroxide, and argues against the idea of a colloid-con- 
plex formation. If this is the case, why should a strong protective 
colloid inhibit to a greater extent than a weak one? What part 
can diffusion play in the ordinary method of measuring the value of 
protective colloids as announced by Zsigmondy? The change from 
red to blue in the colour of gold sols is assumed to be due to a union 
of the gold particles after their charges have been neutralised by 
the adsorption of certain ions. Protective colloids may hinder this 
change for one or other of two reasons. It may be that after the 
neutralisation of their charges the gold particles are prevented 
from uniting owing to the presence of the protective colloid. On 
this theory it is difficult to see where the analogy exists in the case 
of the catalytic process. If we assume, however, that the protective 
cclloid hinders the adsorption of the ions that would bring about 
the coagulation, then the analogy is quite complete. The rate of 
decomposition of hydrogen peroxide is probably determined by a 
number of factors of which adsorption is undoubtedly one of the 
chief. Anything which hinders the adsorption of the hydrogen per 
oxide by the catalyst will retard the velocity of reaction as measured 
in the usual way, and a strong protective colloid which hinders the 
adsorption of ions better than a weak one, may also hinder the 
adsorption of the hydrogen peroxide more efficiently. It remains 
to be seen, however, if the gold number is really expressive of ches 
relations. 

Zsigmondy (“ Colloids and the Ultramicroscope,” 1914, 150) has 
endeavoured to follow the mechanism of protective action under the 
ultramicroscope. The assumed union of the gold and gelatin ultra 
microns is followed by decreased mobility in the former, except at 
a certain concentration of gelatin, below which there does not seem 
to be any retardation in the movements of the gold particles. It 
will be seen later that the inhibitive effect of gelatin is noticeable 
at much lower concentrations than the critical one mentioned by 
Zsigmondy, and this inhibition cannot be due, therefore, to any 
decreased mobility in the particles of the catalyst. As far as the 
Brownian movement is concerned, however, the part played by it im 
the catalysis is still somewhat obscure. 
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PART I. 


Bredig (Zeitsch. physikal. Chem., 1901, 37, 14) has shown that 
the adsorption of poisons by the catalyst follows the logarithmic 
law, and it was anticipated that the adsorption of protective col- 
loids might also obey the same law. From results obtained with 
gelatin at very low concentrations, it appears that the process is 
more complicated than a simple calculation can possibly account 
for, owing to the continual subdivision of the gelatin ultramicrons 
over a certain range of dilution. 

The results of experiments on the poisoning of protected metals 
will be made available in a later communication. 


ExPERIMENTAL. 


The hydrogen peroxide used in all these experiments was care- 
fully purified by distillation under diminished pressure. The col- 
loidal platinum solutions were prepared by Bredig’s method, using 
acurrent of 110 volts and 10—12 amperes, the temperature of the 
water being kept below 25°. Solutions made by this method may 
be diluted to the extent desired, and after allowing the larger par- 
ticles to settle, may be used directly without filtering. They appear, 
however, to be much more sensitive than filtered ones, and cannot 
be used for very exact work where it is desired to follow the course 
of a reaction with the maximum of accuracy. The velocity constant 
falls slightly during the reaction, instead of rising, as is usually the 
case. 

The solutions of protective colloids were prepared by simple dis- 
solution of the materials in water, adopting the usual procedure for 
gelatin and starch. In the case of gum tragacanth and egg-albu- 
min, which gives extremely turbid solutions, a known weight of 
material was dissolved as much as possible in water, and the amount 
of undissolved matter ascertained after filtration. With a know- 
ledge of the weight of substance in the filtrate it could then be 
diluted to the concentration required. The concentration of protec- 
ive colloids when first prepared was 0°04 per cent., and lower 
concentrations were obtained merely by dilution from this strength. 

The initial concentration of the hydrogen peroxide in all the 
experiments was 1/40. The concentration of the platinum 
solutions was the same throughout any one series. 

All the reactions were carried out at 25°, and in every instance 
the platinum solutions on admixture with the protective colloids 
were allowed to remain for fifteen minutes at the temperature of 
the experiment before the addition of the hydrogen peroxide. At 
different intervals 10 c.c. of the reaction mixture were titrated, 
after addition to dilute sulphuric acid, with standard permanganate 
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(about V/40). It was not found necessary to apply a correction 
to the titrations for organic matter present as the concentration of 
the latter was apparently too small to affect the results. 

The velocity constant was calculated from the usual formula: 


a 
a-2Zx 


k=0'4343 k, = ; log, 


(¢ in minutes, and a—z in terms of c.c. of potassium perman- 
ganate). 

The values of & given in the tables are the progressive ones 
obtained during any reaction, and the mean of these in each case 
gives the same result on comparison as the time for 50 per cent. 
decomposition. 

The ratio values were calculated by taking the velocity constant 
with unprotected metal as unity. 


Tasie I. 


Protective Colloid Preparations: Six Days Old. 


Series. Protective colloid. k. Mean. Ratio. 


I. 0-026, 0-023, 0-023 0-024 ] 
0-01% gelatin 0-0043, 0-0043, 0:0044 0-0043 0-17 
glue 0-0046, 0-0043, 0-0041 0-0043 0-17 
egg-albumin. 0-0055, 0-0052, 0-0050 0-0052 0-22 
gum arabic... 0-014, 0-012, 0-012 0-013 0-54 
sucrose 0-027, 0-025, 0-025 0-025 


0-039, 0-038, 0-037 0-038 
0-001 % gelatin ...... 0-0074, 0-0082, 0-0078 0-0078 
o glue .......... 00080, 0-0078, 0-0077 0-0078 
egg-albumin 0-013, 0-012, 0-012 0-012 

gum arabic. 0-032, 0-031, 0-031 0-031 
sucrose 0-038, 0-036, 0-036 0-037 


Taste II. 
Preparations One Day Old. 


Series. Protective colloid. k. Mean. Ratio. 
I. 0-057, 0-052, 0-056 0-055 1 

0-0061, 0-0060 0-0059 0-11 

- 1 . , 0-0073, 0-0071 0-0072 0-13 

»  egg-albumin. 0- , 0-0095, 0-0094 00-0094 0-17 

» gum arabic... 0- 0-035, 0-034 0-035 0-64 


0-024, 0-025 0-025 1 
0-001% gelatin ...... 0- 0-0043, 0-0045 0-0044 0-18 
» glue 0-0059, 0-0053 0-0056 0-22 
»  egg-albumin. 0-0068, 0-0072, 0-0071 0-0070 0-28 
» gum arabic... 0-020, 0-021, 0-020 0-020 0-80 
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From these results it is evident that the inhibitive effect is in 
the order gelatin and glue>egg-albumin>gum arabic>sucrose, 
which does not appear to affect the reaction at all. 

This order is also followed in Zsigmondy’s coagulation experi- 
ments, but the author has not been able to discover any exact rela- 
tionship between the gold numbers of these colloids and their 
inhibitive activity as indicated in the ratio table. 

Subsequent determinations of the gold number by the usual 
method (Zsigmondy, loc. cit.) gave values of 0°006 and 0°008 for the 
samples of gelatin used, and 0°2 for gum arabic, so that the author 
was not working with materials showing any great anomalies in this 


respect. 
The gold numbers seem, therefore, to be only a useful guide to 


enable one to predict the probable order of inhibitive activity. 

The protective colloids are themselves without appreciable action 
on hydrogen peroxide. Bredig (Zeitsch. physikal. Chem., 1899, $1, 
342) showed this in the case of gelatin, and it has been found that 
the stability of a hydrogen peroxide solution is not appreciably 
affected by the addition of protective colloids of the concentrations 
indicated in any of these tables. 

The extent of the inhibition produced by some of the weaker 
protective colloids is shown in the following table: 


Taste ITI. 
Preparations Two Days Old. 


Series. Protective colloid. k. Mean. Ratio. 
DR 0-080, 0-083, 0-086 0-083 1 
0-01% = tragacanth 0-030, 0-029, 0-027 0-028 0-34 
i DDN auciictceanen 0-032, 0-031, 0-030 0-031 0°37 
= starch ...... ........ 0°042, 0-042, 0-040 0-041 0-50 
» gum arabic ...... 0-044, 0-044, 0-040 0:043 0°52 
II. I os ccc vas teebthcdcaticarnun 0-017, 0-018, 0-018 0-018 1 
0-01% egg-albumin ...... 0-0036, 0-0038, 0-0039 00-0038 0-21 
»  tragacanth ........ 0-0078, 0-0074, 0-0073 0-0075 0-42 
SOEs. MOR: cacidcidisecteames 0-017, 0-018, 0-019 0-018 l 
0-001% egg-albumin ... 0-0057, 0-0058, 0-0056 0-0057 0-32 
- tragacanth ...... 0-012, 0-013, 0-013 0-013 0-72 
is. - WOI tar pein uetetiann 0-017, 0-018, 0-019 0-018 -- 
0-01% sodium oleate ... 0-021, 0-023, 0-023 0-023 _ 
0-005% _ ,, s> «+ 00130, 0-0130, 90-0131 0-0130 — 
0-001% ,, ss «e 00127, 0-0129, 0-0127 00128 — 
0-0025% ,, > «+ 090-0150, 0-0152, 0-0151 00151 — 


From these results it is evident that tragacanth inhibits to a less 
extent than egg-albumin, but is somewhat more effective than 
dextrin, which is more effective than starch and gum arabic. 
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Sodium oleate behaves abnormally, as it must be completely 
hydrolysed at these low concentrations, and the velocity constant 
will rise owing to the presence of hydroxyl ions. It is interesting ty 
observe, however, that on dilution from 0°01 per cent. concentra. 
tion the protective effect of the soap begins to dominate the situa. 
tion, and the velocity constant therefore falls, but rises again on 
further dilution of the protective colloid. This observation is of 
great importance, as it shows that the protective action of soaps on 
gold sols is not due to the stabilising effect of the hydroxyl ions 
alone—the concentration of the latter in a 0°01 per cent. sodium 
oleate solution could not be greater than V/3000—but more prob. 
ably in greater part to the acid—soap residue which is more compler, 
perhaps, than is generally realised. 

Gelatin appears to be active as an inhibitor at extremely low 
concentrations. With a platinum solution of medium concentra- 
tion (about 1/30,000 gram-atoms per litre) the following results 
were obtained : 


Taste IV. 


Series. Protective colloid. k. Mean. 


L 0-0148, 0-0152, 0-0151, 0-0154  0-0151 


0-005% 0-0028, 0-0026, 0-0026, 0-0027 0-0027 
0-001% 0-0032, 0-0032, 0-0031, 0-0029 0-003! 
0-0001 % 0-0045, 0-0044, 0-0041, 0-0040 0-0043 
0-00005 % 0-0050, 0-0049, 0-0050, 0-0051 — 0-0050 
0-00001% 0-0105, 0-0108, 0-0108, 0-0108  0-0107 
0-000005 % 0-0137, 0-0142, 0-0141, 0-0139 0-0140 
0-000001% ,, 0-0149, 0-0148, 0-0152, 0-0154 00-0151 


0-0158, 0-0161, 0-0167, 0-0162 0-0162 
0-001% gelatin -0030, 0-0032, 0-0030, 0-0029 0-0030 
0-0001% -0043, 0-0039, 0-0038, 0-0038  0-0039 
0-00005Y, -0050, 0-0047, 0-0045, 0-0047 0-0048 
0-00001% 0108, 0-0110, 0-0114, 0-0117 0-0112 
0-000005% , 0-0123, 0-0123, 0-0129, 0-0133 0-0127 
0-000001% 0-0155, 0-0156, 0-0159, 0-0160 00-0158 


Series I and II were carried out with different samples of 
gelatin.) 

The most striking fact about these results is the gradual rise of 
the velocity constant with diminishing gelatin concentrations down 
to 0°00005 per cent., and the rapid rise on further dilution of the 
protective colloid. 

Now Menz (Zeitsch. physikal. Chem., 1909, 66, 129) found that 
the protective action of gelatin increased on dilution, but the results 
were usually dependent on the mode of preparation of the original 
solution. It seems not improbable, however, that on diluting a 
gelatin solution of low concentration, the larger gelatin ultra- 
microns split into smaller ones, and these being more strongly 
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adsorbed by the gold or platinum particles will partly make up 
for the decreased concentration of the protective colloid. Hence 
the velocity constant will only rise very slowly until this subdivision 
process ceases, when further dilution of the protective colloid will 
now bring about its more rapid elevation. 


Summary. 


(i) The inhibitive effect of protective colloids on the catalytic 
decomposition of hydrogen peroxide by colloidal platinum has been 
examined in a number of instances. 
(ii) It has been found that the stronger a substance is as a pro- 
tective colloid the greater will be its inhibition of catalytic activity. 
(iii) In the case of a strong protective colloid like gelatin, the 
inhibitive effect is noticeable at very great dilution, for example, 
0000005 per cent., or one part in twenty million parts of water. 
(iv) The inhibition is explained on the ground of selective 
adsorption resulting in a decreased concentration of hydrogen 
peroxide at the platinum surface, and a consequent fall in the value 
of the velocity constant. 
(v) There is no precise relation between the gold numbers of 


931 ff protective colloids and the extent of their inhibition. 

~~ (vi) The reaction may be used not only to detect adsorption 
07 §f effects, but probably, also, changes in state of the protective colloid 
“ owing to the subdivision of its ultramicrons. 


62 I am indebted to the Committee on award of Science Research 
~~ Scholarships in this State for a scholarship which has enabled me 
18 to carry out this investigation. 
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XIV.—Yeast Crops and the Factors which 


Determine them. 


By ArtTnurR SLATOR. 


Many investigations have been carried out to determine the factors 
which influence the amount of yeast produced by growth in a 
suitable medium, and much of the important earlier work on the 
subject is published in these 7'ransactions. It has been shown in 
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recent years that the growth of micro-organisms under simple 
conditions follows the exponential law of increase, and equations 
expressing growth and fermentation have been worked out and 
experimentally verified. In this communication an attempt has 
been made to express yeast crops in terms of generation-times 
and fermentative activity of the yeast and to use such equations 
to test some of the generally accepted views on the subject. The 
reproduction of yeast in a medium such as malt wort takes place 
in definite phases. A period of quiescence (lag phase in growth) 
is followed by unrestricted growth (logarithmic phase in growth), 
which continues until retarding influences, such as lack of necessary 
food or the production of toxins, come into play. Growth finally 
ceases when these retarding influences become sufficiently great. 
Under the usual conditions of yeast growth and alcoholic fermenta- 
tion several factors play a part in limiting growth, but a simple 
case where one factor only determines the total growth will be first 
discussed. 

Conditions can be so arranged that the sugar in the medium can 
be made this limiting factor. All other foods must be in large 
excess, and substances toxic to growth must not be allowed to 
accumulate. The crop then admits of calculation in the following 
manner. 

It has been shown (Slator, Bio-Chem. J., 1913, 7, 198) that 
during the logarithmic period of growth the ratio of the increase 
in the number of cells m to the amount of sugar s fermented is a 


constant, and that this ratio = where XA is the constant of 


: FF 
growth and F is the fermentative activity of the yeast. During 
later stages in growth, K and F may not remain constant, but at 
any given time they have definite values, and the small increments 
in the yeast and sugar fermented are determined by the equation 
dn K 
ds ~ F° 

We have therefore n= | 


K » 
,ds + constant. Yeast crops (from a 


vd 
small seeding) are therefore determined by the way this ratio K/F 
varies with different concentrations of sugar. A graphical method 
of calculation of such crops is shown in Fig. 1. The values of 
K and F are obtained experimentally and plotted against the cor- 
responding concentration of sugar. The A/F curve is then con- 
structed. The crop obtained during the complete fermentation of 
“a” grams of sugar is represented by the area oabc. A curve 
can now be constructed showing yeast crops with various initial 
concentrations of sugar. 
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This theoretical curve should coincide with the experimental one 
as long as the sugar is the limiting factor determining the final 
crop. In the case described in the experimental part of this 
paper the ratio X/F is almost constant, and the crop is approxi- 
mately proportional to the initial concentration of the sugar. 

This method of calculating yeast crops is of general application, 
and a similar diagram can be constructed when other limiting 
factors are predominant. The other factors discussed in this paper 
are those relating to the seeding, oxygen, carbon dioxide, and tem- 
perature. Only a brief reference is made to the important influence 
which nitrogenous food can exert on yeast crops. 


Fia. 1. 


Constant of 
growth 
K 


F 


2 
$8 
£5 
58 
is 


K activity 


F 


Concentration of sugar. 


The influence of the amount of seeding admits of simple calcula- 
tion if no change in the limiting factor takes place owing to change 
in the amount of seeding. The ratio K/F is independent of the 
number of yeast cells: the growth under definite conditions should 
therefore be a constant. The yeast crop is the sum of the seeding 
and the growth, the latter being constant. That this relationship 
holds good was first shown by A. L. Stern (T., 1901, 79, 943; J. 
Inst. Brewing, 1902, 8, 690). A. J. Brown had previously drawn 
the conclusion that the final yeast crop is almost independent of 
the amount of the seeding, and deduced the idea of a non-multi- 
plying limit to yeast growth (T., 1892, 61, 369). H. T. Brown 
considers the cell increase of most importance (Ann. Botany, 1914, 
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28, 197). There would probably be general acceptance of the 
idea of a constant cell increase under constant conditions if it were 
not for the fact that large seedings of yeast refuse to bud or show 
only a small increase (A. J. Brown, loc. cit.). A satisfactory 
explanation of this abnormality is given here. It was found that 
if actively growing yeast cells are used for seeding, the normal 
increase takes place even though the seeding is very large. 
Quiescent yeast cells pass through a lag phase before active growth 
occurs, and if retarding influences accumulate quickly the yeast 
never passes out of its quiescent state. Abnormally low crops are 
sometimes observed if very small seedings are used. Many investi. 
gators have noticed this effect (compare Lampitt, Bio-Chem. J., 
1919, 18, 461). If actively growing yeast is used for seeding, this 
abnormality partly disappears, and the effect is probably connected 
with the lag phase in growth. 

Much of the interest in yeast growth centres round the favour- 
able influence which atmospheric oxygen has on the growth of the 
organism. Although it is more than 40 years since Pasteur’s work 
on the subject appeared, there is still much diversity of opinion as 
to the method by which air acts. A. J. Brown (T., 1905, 87, 
1395) drew the conclusion that the development of yeast in malt 
wort is determined by the oxygen initially dissolved in the wort. 
H. T. Brown (Ann. Botany, 1914, 28, 197) considers that the 
growth can be attributed to oxygen absorbed by the yeast used for 
seeding. It is possible, however, that these experimental results 
can be interpreted in other ways. Carbon dioxide retards yeast 
growth to a much greater extent than is recognised in these experi- 
ments. Moreover, yeast growth takes place under anaerobic con- 
ditions, although the cells have lost all their “oxygen charge” 
(see table IX). Euler and Lindner (‘Chemie der Hefe,” Leipzig, 
1915) summarise the work of Pasteur, Chudiakow, Buchner and 
Rapp, Delbriick and others on the subject. They recognise the 
retarding influence of carbon dioxide on growth, and conclude that 
oxygen accelerates the growth of the yeast cells. One of the argu- 
ments against this view is the fact that growth in its simplest form 
is not accelerated by air or oxygen. Unrestricted growth is appre- 
ciably retarded by oxygen (see table V). In a short summary 
of the factors which influence growth (J. Soc. Chem. Ind., 1919, 
38, 391 rR), the view (previously discussed by other authors) is 
taken that malt wort contains a substance which easily gives up 
its oxygen to the yeast and that this substance accounts for growth 
under anaerobic conditions. Attempts were made to verify this 
assumption by estimating yeast crops under conditions that the 
unknown substance would become the limiting factor determining 
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je crop. The experiments were unsuccessful and this explana- 
ion appears to be incorrect. The matter has been reconsidered in 


Ww 
aul he light of these experiments and the following interpretation is 
ctory pivanced. It is considered that there are two different modes* of 
that growth of yeast, each involving a different set of chemical reactions. 

rmal pile initial stages of growth in malt wort illustrate the one mode 
arge. if growth. Oxygen, either free or combined, or absorbed by the 
owth gests Plays no part in the process. Free oxygen slightly 
yeast [retards this growth. The energy necessary for growth is obtained 
- are (gitom the fermentation of the sugar. Carbon dioxide retards the 
esti. growth, and if air is passed through the fermenting wort, yeast 
J. Ygowth is increased owing to the displacement of carbon dioxide. 

this |orowth in lactose yeast water illustrates the other mode of growth. 
sted pltis growth is unaccompanied by alcoholic fermentation, but 
nmase is present in the cells. Free oxygen is here essential to 

yur. fggowth, and if absent hardly any growth occurs. The necessary 
the |aergy is obtained through some oxidation reaction carried out 
ork (ly the yeast. Carbon dioxide in large amounts also retards this 


gowth. The factors determining which mode of growth takes 


7 
37, place when both are possible have not yet been completely in- 
alt (vestigated. The available nitrogenous food is probably of import- 
rt, (gence, for whilst yeast growth in wort is not influenced by air at 
he (the beginning of the reaction, yeast growth in a medium prepared 
‘or fg tom half-fermented wort is favourably influenced by air (Slator, 
Its [gBio-Chem. J., 1918, 12, 254). 

st Whilst the influence of large amounts of air on yeast growth 
;. (g2dmits of explanation on these lines, the influence of small amounts 
n- [gSless easy to understand. <A wort saturated with air produces a 
” larger yeast crop than one which contains no air. 

Z, The increase is out of all proportion to what would be expected 
d from the amount of air available.t A number of experiments 
. were carried out to obtain further information on the subject. 
t lt was found that if fermentation and yeast growth occur under 


conditions that supersaturation of the wort with carbon dioxide 
takes place the effect is readily verified. If, however, care is 
taken to control the concentration of the carbon dioxide the 


* Pasteur considered yeast to be an organism endowed with two modes of 
life, and the theory advanced here agrees in some respects with that of 
Pasteur. The acrobic growth in lactose yeast water was investigated by 
Pasteur, and the view that this growth depends on air has been confirmed. 
The very slight growth under anaerobic conditions is probably due to a trace 
of fermentable sugar. 

t According to H. T. Brown’s’ figures, 1 c.c. of oxygen dissolved in wort 
tauses the growth of 6000 10° yeast cells. Experiments in sealed tubes 
showed less than 100 x 10° cell increase for each c.c. of oxygen. 
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effect disappears. The conclusion is drawn that the irffluence of 
dissolved air is only indirect, and doubts are cast on the usually 
accepted explanation of the matter, namely, that the effect js 
due to the favouring influence of the dissolved oxygen. It is 
possible that supersaturation by carbon dioxide is lessened by the 
presence of dissolved air and that larger yeast crops are a conse 


quence of this influence. The work of Findlay and King (T., 1913, 


1038, 1170) on the rate of evolution of gases from supersaturated 
solutions is of much interest in this connexion. 

Many of the arguments advanced in this publication depend a 
the assumption that carbon dioxide retards yeast growth. That 
the gas has this effect was considered to be the case by Delbriick 


(1886) and Foth (1887). (For a summary of the work see De. 


briick and Hayduck, “ Die Girungsfuhrung,” 1911, Berlin.) The 
correctness of these conclusions is accepted in this paper, but it 
is considered that the effect is more far-reaching than either thes 
investigators or others have realised. A.J. Brown (T., 1905, 87, 
1406) concluded that carbon dioxide had no such effect, and that 
the retarding influence attributed to the gas was due to exclusion 
of oxygen. The experiments, however, are not conclusive, for no 
precautions are taken to remove the carbon dioxide formed during 
fermentation. Measurements of rates of growth in wort and in 
wort saturated with carbon dioxide show a very marked retarding 
influence of the gas. Some measurements of yeast crops grown 
under conditions that carbon dioxide becomes the limiting factor 
confirm these results in an interesting manner (see table IV). The 
influence of temperature on yeast crops is small (compare Ster, 
J. Inst. Brewing, 1902, 8, 694). Both K and F have tempers 
ture-coefficients not greatly different from each other. If, there 
fore, the sugar is the factor controlling growth, the crops whid 
depend on the ratio K/F will be almost independent of tempers 
ture (see table XI). This has been experimentally verified. 

A publication by Carlson (Biochem. Zeitsch., 1913, 57, 513) iso 
much interest. Measurements of yeast growths and yeast crops il 
wort are made. The wort is kept continually stirred and the 
amount of yeast in suspension estimated by centrifuging, a methol 
adopted here. If allowance is made for the fact that Carlson‘ 
wort is saturated with carbon dioxide, the conclusions regarding 
rates of growth are in general agreement with those given here ani 
in previous papers. His method of treating yeast crops is less eas} 


to follow, for no precaution is taken to make a single factor tht 
limiting one which determines the crop; moreover, it is unlikely 
that the relationship between concentration of food supply aué 
growth is as simple as is assumed. 
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The question whether any food accessory substance (vitamin) is 
"Bhecessary to yeast growth has been considered in so far as it affects 
the experiments described here. No evidence of the necessity of 
ach a substance was forthcoming, for heating the wort to a high 
mperature and filtering through Fuller’s earth caused no decrease 
in the value of the wort as a medium for growing yeast. 


ExPERIMENTAL. 


Methods of Estimating Concentrations of Yeast. 


Two methods were employed in this investigation to ‘estimate 
the amount of yeast suspended in a liquid. When the amount was 


a geater than a few million per c.c. it was estimated by centrifuging 
but jjqad measuring the quantity of deposit. The straight 5 cm. 
thes graduated capilliary tube used for blood analysis is not sensitive 
5, 87, mough to estimate any but large amounts of yeast. If, however, 
| that tubes with a bulb at the end are used, the volume is increased and 
lusion § Maller concentrations can be conveniently estimated. Three tubes 
or nog were used which had capacities given in table I. 


TaBLeE I. 


Equivalent of 1 scale 
Tube. Volume. division. 


actor | nerren 0-011 c.e 44-5 X 10® cells per c.c. 
The DP secciwiaeses 0-064 7:65 x 108 a3 
ee ere P l- 99 
tern, 
per-@ A suspension of yeast containing 216 x 10® cells per c.c. by count- 


ing under the microscope gave by centrifuging in tube 2 a deposit 
showing 27:7, 27-6, 27°5 scale divisions (0°5 mm. in length), on 
diluting to twice the volume the deposit was 14-1, 14-2, 13°9, and 
om diluting again to twice the volume the readings were 7'0, 7°4, 
Tl. The averages are 27°6, } x 28°2, 4x 28-8. One scale division 
on tube 2 is therefore equivalent to 216 x 10®/28°2=7-65 x 10® ceus 
per c.c. The other tubes were similarly calibrated and checked 
one against the other. As tube 1 is a straight capilliary tube the 
yeast when it has settled down to a constant volume has a consis- 
tency of 4450 million per c.c. This corresponds approximately 
with the consistency of pressed barm. Yeast cells vary in size, but 
the figures given in table I have been used throughout the paper 
to convert scale divisions into cells per c.c. 

Carlson used a method of this kind, the deposit from about 15 
cc. being determined. Paine (Proc. Roy. Soc., 1911, [B], 84, 289) 
also employed straight capillary tubes for estimating the volume 
of yeast cells suspended in a liquid. 
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When the number of yeast cells is below a few million per c., 
yeast counts under the microscope were made to determine the 
concentration. The usual hemacytometer was employed, but the 
average number of cells appearing per field was estimated and the 
concentration obtained by dividing this average by the volume «: 
liquid appearing in the field of the microscope. 


Methods of Growing the Yeast. 


The medium used in most of these experiments was lightly 
hopped malt wort. Yeast grows readily in this medium and larg 
crops are produced. To eliminate the influence of carbon dioxide 
small quantities of wort were placed in large test-tubes to which 
had been sealed a piece of glass tubing. The tube is then exhausted 
or filled with any desired gas, sealed up, and rotated in a thermo- 
stat. Most of the carbon dioxide passes from the liquid into the 
space above. In some experiments accumulation of carbon dioxide 
is required. The fermentations were then carried out in straighi 
tubes in which the liquid is sealed. High pressures of gas are 
obtained in this way. The yeast used in most cases was a Burton 
yeast (S. cerevisiae). In some experiments a pure culture o/ 


actively growing yeast was used, and in others quiescent yeast 
(pressed barm). 


The Influence of Seeding on the Crop. 


Tests were first made to determine whether large seedings of yeast 
would grow. The results, which are summarised in table II 
(p. 123), show what conditions must be fulfilled for growth to take 
place. 

If actively growing yeast cells are used for seeding, normal growth 
takes place even though the seeding is very large (370 x 10° cells 
per c.c.). Large seedings of quiescent yeast cells show only a smal! 
growth (Expt. h). When the carbon dioxide cannot escape, 
moderately large seedings show no growth at all (Expt. 7). 

Under conditions of continual agitation larger crops were 
obtained, and the cell increase was found to be approximately con- 
stant, although the seeding varied greatly. In the following 
experiments about 3 o.c. of wort (D 1-050) were placed in a tube of 
capacity about 100 c.c., the tube being afterwards exhausted an¢ 
sealed. The time of growth was three days at 20°. 
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Taste III. 
Yeast concentrations, unit = 7°65 x 108 cells per c.c. 


Cell 
Seeding. Crop. increase. Average. 


= 143 x 108 cells per c.c, 


132 x 108 cells per e.c. 


The Influence of Carbon Dioxide on the Crop. 


A wort (D 1°050) was seeded with yeast. A tube was filled 
almost completely, exhausted to remove dissolved air, and then 
sealed. Into a large tube was introduced a small quantity of the 
seeded wort, and this tube was exhausted and sealed. Both were 
rotated slowly at 20°. The yeast increase in the first case amounted 
to 30x 10® cells per c.c., and in the second to 140 x 10® cells per 
c.c. This great difference is attributed to the carbon dioxide 
which remains in solution in the first case, and is removed in the 
second. If simultaneously an ordinary fermentation open to the 
atmosphere is carried out, the cell increase amounts to about 
80 x 10° cells per c.c. This is a typical result obtained from a large 
number of experiments of this kind. It was considered probable 
that carbon dioxide could be made the limiting factor which deter- 
mines the growth. The matter was tested by varying the ex- 
hausted space above the wort and determining the influence such 
variations had on the crop. If v, and v, are the volumes of liquid 
and space respectively, then the concentration of carbon dioxide in 
the liquid when a given amount of gas is formed is proportional to 
_ Vy + 09/8 

Vy 
the liquid. A consideration of Fig. 1 shows that the cell increase 
should be proportional to a if the carbon dioxide is the limiting 
factor. This was found to be the case, as table IV (p. 125) shows. 

If the tube is full (2=1) cell increase is 2°9=22 x 10® cells per 
c.c. In Expt. g, where the space above is great, proportionality 
no longer exists. When more dilute worts were used, similar results 
were obtained, but as the space increased the deviation from pro 
portionality occurred earlier. Experiments in which the space 
above was not exhausted, but filled with air, showed that the aif 


where s is coefficient of absorption of the gas in 
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TaBLe IV. 


Wort, D 1-101. Small seeding of yeast; exhausted tubes; temp.= 
25°; tubes rotated three days; s=0°70. 


Crop (unit=7-65 x 10° 


Expt V}. Ve. a. cells per c.c.). Crop/a. 

i catiinen 23-3 1-2 1-08 3:0 2-8 

we Oe siccinislataind 23-0 1-3 1-08 3-0 2-8 
&. ee 14-5 4-8 1-46 4-1 2-8 

IP vainiaiin 11-8 4:0 1-48 4:5 3-1 

D. <taandone 10-3 8-3 2-13 6-1 2-9 

J cvcccccee 12-3 11-7 2-33 6-5 2-8 

or c.c. iD acevseces 7:4 17-2 4:26 9-9 2-3 


to 
© 


Average (excluding g) 


increased the crop. One c.c. of air (} ¢.c. oxygen) caused an 
increased growth averaging 15 x 10® cells. 
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The Influence of Air and Oxygen on Growth and Crop. 


Small seedings of yeast in wort were allowed to grow one to two 
days at 20° in tubes which were continually rotated. Some of the 
tubes were exhausted, some filled with air, oxygen, and carbon 
dioxide. The constants of growth were calculated in the usual way, 
and the results are summarised in table V. 
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TABLE V. 


able Wort, D 1-047. Wort, D 1-040. 

ed 0-434K. GT. 0-434K. —G.T. 
© BE Exhausted .........cccsecccrceeses 0-110 2-7 hours. 0-109 2-7 hours 

ACh TE MIE ..ccccrcccccccessesssesesecsccees 0-107 28 ,, 0-092 33 ,, 
uid 60 per cent. oxygen + 40 per 

x cent. nitrogen ......+.++++++ 0-096 31 ,, —_ —_ 

2 100 per cent. oxygen ......... 0-085 3-5 ,, — —_— 

1 to 100 per cent. carbon dioxide 0-079 38 ,, 0-073 4-1 hours 
in The influence of air on the whole range of growth was then 

investigated, large tubes being used to eliminate the influence of 

= carbon dioxide. The curves in Fig. 2 show the retarding influence 
ng of air during the early stages of growth and the favouring effect 
7 during the latter stages. The final yeast crop is greater under 
aerobic conditions. 

- In tables VI and VII are summarised some experiments on 
= yeast growth in worts saturated with air. Wort (D1°040) was 
sd introduced into a pressure flask and seeded with yeast. All dis- 
ce 


solved air was rapidly removed by exhausting the flask. Fifty c.c. 
of the seeded wort were then introduced into a large test-tube. A 
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parallel experiment was made with wort saturated with air. 
Although in the first case the wort is exposed to the atmosphere 
and traces of air become dissolved, the amount dissolved in the 
second case is much greater and the effect on growth is very 
noticeable. 
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Time of growth in hours. 


Anaerobic growth x. 
Aerobic growth 
Influence of CO, eliminated. 


TaBLE VI. 
Lemp. about 15°. Unit=7°65 x 106 cells per e.c. 


Cell increase 


Time of Exhausted Aerated 
Yeast. Seeding. growth. wort. wort. Ratio. 
Quiescent ss 18 hours. 1-7 2° 100 : 148 
1 24 , 3: 100 : 227 
3 48 5 § 100 : 146 
3: 18 2- ° 100 : 148 
O-: 48 2° “ 100 : 239 
0- 48 2- 4: 100 : 200 


” 
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The experiment was repeated, but the wort, both free from air and 
aturated with air, was placed in bottles. The bottles were filled 
completely with the liquid and stoppered to prevent escape of gas. 
In this case no such differences were observed. 


TasLe VII. 
Temp. about 15°. Unit=7°65 x 10° cells per c.c. 


Cell increase 
Time of Exhausted Aerated 
Yeast. Seeding. growth. , Ratio. 
Quiescent ° i8 hours. ° . LOO: LOO 
18 . , 100 : 100 
18 ° 3 100 : 107 
49 “f 2-8 100: 111 
48 ° 2-8 100: 108 


” 


”? 


A number of experiments were then made in which yeast growth 
ook place under anaerobic conditions and under conditions that 
alimited quantity of air was present. The tubes were rotated in a 
thermostat. Usually these small quantities of air had little or no 
influence on the yeast growth. In Expt. e, when large quantities 
of air are present, an appreciable retardation in growth is noticed. 


Taste VILLI. 
Temp. 20°. Unit=765 x 108 cells per c.c. 


Vol. Cell increase 

liquid : vol. Time of , 

Expt. Yeast. air. Seeding. growth. Anaerobic: aerobic. Ratio. 
a@ Quiescent 5d: 2 4-7 4-8 100 : 
b : ; : : 100 : 


¢ : 5 . 5: 100 : 

d s kf 2: , i 100: 

e a : ° 6 100: 

J Actively : ° , i. 100 : 
growing. 


All these experiments show that small quantities of air have little 
influence so long as the concentration of the carbon dioxide is con- 
tolled. The results are in accordance with the idea that dissolved 
air aids yeast growth owing to the effect it has in lessening the 
supersaturation of the wort with carbon dioxide. The early stages 
of growth of quiescent yeast do not require air (table VIII, 
Expts. a, b, ¢, d). The following experiments were carried out to 
test H. T. Brown’s suggestion that oxygen absorbed by the seeding 
yeast determines the subsequent growth. Yeast was grown in a 
small quantity of wort in an exhausted tube A. This yeast was 
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used to seed fresh wort in another tube, the process being carrie 
out under strictly anaerobic conditions in the manner shown i 
Fig. 3. The T-piece C is exhausted and the wort in B is boile 
to free it from air. The point D is then broken off, some of thg 


TasBLe IX. 
Time of growth Crop (unit=7-65 x 10 
Density of wort. and temp. cells per c¢.c.), 
1-040 2 days at 25° 8-0 
1-052 20 10-0 
1-063 20 15-1 
1-063 20 15-0 
1-040 20 11-4 
1-040 20 11-2 
liquid from A passes into B, which is then sealed at Z. The results 
which are given in the above table show that good crops were 
obtained in tube B in spite of all absence of air. 
In Expts. 3a and 4a the seeded wort was allowed 
to come in contact with the air for some hours 
and the tube then exhausted. This contact with 
the air had, however, no influence on the subse 
quent crop. There seems therefore no necessity for 


Fie. 3. 


oa 


oxygen to be at the disposal of the yeast used for 
seeding. 


_~ 


The Influence of Concentrations of Sugar. 


Some difficulty was experienced in obtaining 4 

| suitable medium to show the effect of sugar on yeast 
crops when this constituent of the medium i 
made the limiting factor. The medium finally 

| chosen was the residue of a fermented wort 
' (D 1:080). This wort was fermented with yeast 
' and the alcohol distilled off. The process was 
| repeated in order to free the medium entirely 
from fermentable sugar. To the final residue 
(D 1:017) was added small amounts of glucose, 
and this proved a good medium for wild yeas 
Ea =) growth, although unsuitable for the growth of 5 
cerevisiae. The following table summarise 

measurements of K, F and crops with different concentrations 
sugar, the organism used being a wild yeast of the S. ellipsowdew 


type. 


5 


— 


Yeast crops, unit = 10° celle per c.c. 
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TaBLE X. 


K=constant of growth in hours~!, 
F=grams of sugar fermented per hour per yeast 
cell. 
K /F =yeast cells produced per gram fermented. 


(rams of glucose 
per 100 c.c. ‘A K. F. K/F. 
1-50 0-242 57 x 10-12 4200 x 10° 
1-00 0-244 57 4300 
0-50 0-244 56 4400 
0-20 0-246 53 4600 


bo ty by bo 


Average ... 4400 x 10° 


According to table X, when 1 gram of sugar is fermented, 


results ‘ ‘ 
ee 400 x 10° cells should be produced. Some rather indefinite cor- 
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rection has to be made for the amount of sugar used in building 
up the yeast. This correction would reduce the figure to approxi- 
mately 3700x106. The curve, Fig. 4, shows proportionality be- 
tween crop and initial glucose concentration up to about 1 per 
cent. of sugar. The slope of the curve corresponds with 


VOL, CXIX. F 
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3900 x 10° cells per gram, a figure in fair agreement with tha 
calculated from X and F. 


Influence on Temperature. 


The following table summarises measurements of KX and F of 
yeast (S. cerevisiae) in wort (D 1-040). The ratio K/F is approxi 
mately independent of temperature. 


TaBLeE XI. 


K. 3 K|/F. 
0-060 2: 4800 x 10° 
0-108 ° 4400 
0-235 . 5000 
0-392 5: 5200 


Average ... 4900 x 108 


4900 x 10® cells are therefore produced when 1 gram of sugar 
is fermented. Assuming that this amount of yeast uses wp 
0°2 gram of sugar for its growth, 1°2 grams of sugar produce 
4900 x 10® yeast cells (about 1:2 grams of pressed yeast). This 
represents the maximum possible crop. 

In table XII is given the actual crops obtained at 15° and 25° 
under conditions that the sugar is the limiting factor (a and }), 
and under conditions that the carbon dioxide is the limiting factor 
(c and d). The medium in (a) and (6) is a mixture of 50 ce. 
fermented wort residue and 5 c.c. of wort (D 1:040), and the exper- 
ment is carried out in large exhausted tubes. In (c) and (d) wor 
(D1°101) is used in long tubes, half-filled in (c) and two-thirds 
filled in (d). They were exhausted and sealed. The cell increas 
was almost the same at 15° and 25°. 


TaBLe XII. 


Unit =7°65 x 10° cells per c.c. 


, 15° 25° 
Seeding ————e —__" 
(actively Celi Time of Cell Time of 
growing). increase. growth. increase. growth. 

4:8 2-3 2 days 2-3 1 day 
, S w» l 5 


ly 
9 


. 
9° 
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Growth of Yeast in Malt Wort. 


As a result of these experiments it is suggested that the generally 
accepted views on yeast growth should be considerably modified 
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The influence of carbon dioxide is greater than has been realised, 
ud great variations in the crop are obtained by altering the con- 
yntration of the carbon dioxide in the wort. Air (oxygen) has 
much less influence than is usually attributed to it. It plays no 
part in the initial budding of the yeast (the lag phase in growth) 
Band has no direct accelerating influence during the first stages 
of growth. Later stages are favourable influenced by air; the 
ywrobic vegetative growth here comes into consideration. Air dis- 
ylved in wort favours yeast growth. This is considered to be due 
toa decrease in the supersaturation of the wort with carbon dioxide 
and not to the yeast cell requiring free oxygen for its development. 


Note on Spore Formation of Yeast Cells. 


Little is known of the chemical reactions which accompany the 
formation of spores in yeast cells, but the belief is very generally 
held that oxygen plays an essential part in the process. This 
belief seems justified, but it was found that traces of air are suffi- 
“Mcient to induce sporulation. The experiments were carried out in 
‘Bike following manner. Young and vigorous yeast cells of a wild 
yeast which readily formed spores were mixed with slightly acidi- 


fed water (0°2 per cent. phosphoric acid neutralised with potassium 
hydroxide to give a P,, value 5—6) so that the solution was just 
turbid. Some of the liquid was placed in sterile conical flasks and 
sme in tubes, which were then carefully exhausted. In two days 
at 23° abundant spore formation took place in the flasks, whilst 
uo spores were formed under anaerobic conditions. In some cases 
asmall quantity of air was allowed to enter the exhausted tube. 
Qne em. pressure of air in the tube was found to cause the produc- 
ti of spores. 

It is sometimes stated that the growth of yeast spores requires air. 
This proved incorrect, for spores were found to develop readily in 
wort free from air. 


BuRTON-ON-'TRENT. [Received, December 9th, 1920.] 
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XV.—The Volumetric Estimation of Mixtures 
Acids and of Bases, and of Polybasic Acids 9 


Bases. 
By Henry Tuomas Tizarp and ALFRED REGINALD Borrer, 


THE conditions which control the accuracy of titration of mixtureg 
of acids or bases have hitherto been too much obscured by some 
what complicated mathematical expressions to allow of their read; 
application to particular cases. The object of the present pape 
is to point out and illustrate certain relations which are applicable 
in all but very exceptional circumstances. 

The estimation of bi- and ter-valent acids or bases in solution is 
a special case of the estimation of mixtures of acids or bases. | 
an aqueous solution contains one equivalent of a weak acid HA, 
and x equivalents of a weak acid HAg, the dissociation constant 
of which are XK, and Ky respectively (XK, being >X,), the concen 
tration of hydrions in the solution after the addition of one 
equivalent of a strong base BOH can be calculated in the 
following way: 

Suppose the solution is sufficiently dilute for the assumption to 
be made that for all practical purposes the dissociation of any 
salt present is complete. Then there is present in JV litres o 
solution one equivalent of the ion B; y equivalents of A’,, say, 
and therefore 1—y equivalents of A’,, C,, being negligible. 

Hence, since 

BE, Cay, = Cu x Cas 
and 
K.Cus, - Cy x Cy ’ 


we have 


1—4 
Kp" =Caxy 


- = i, 
KEY = On x > 


x-(1- 
Oyt= KK y) 


In the special case when «=1, we have 
Cy _ VEE, 


and C’, is independent of dilution within wide limits. Hence,” 
order to titrate a dibasic acid, or a mixture of acids in equivalen! 
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proportions, to the half-way point, an indicator must be chosen 
shich changes over at concentration of hydrions given by equa- 
tin (2). This condition is already well known. 

Now the accuracy of the titration is affected not only by the 
choice of the indicator, but also by the effect on the acidity of 
the solution of small changes in the amount of alkali added near 
the “equivalent” point. To calculate this, suppose (1+z) equi- 
wlents of BOH are added to a solution containing one equivalent 
Bach of HA, and HA,. Then if y equivalents of A’, are present 
in the solution, there are (1+z—y) of A’s, and therefore, 


K,(1—-y)=Cyxy, 
Ky —2)=Cyx (1+2—-y), 


C2 _(-yy-2) 
KK,” y(l+ze-y) * a, 


K,___ yly—#) ae 
K,~ (1-y)(1+2-9) @) 


In order to get a sharp end-point, it is necessary that a small 
excess or deficit of alkali should produce a large change in the 
oncentration of hydrions. Inspection of the expression on the 
Brght-hand side of equation (3) shows that the nearer y is to 
wity, the smaller will be the value of the expression for small 
values of z. Trial shows that if C, is to be equal to 4./K,K, 
vhen z=0-01, or, in other words, if the concentration of hydrions 
it the equivalent point is to be halved by adding as 1 per cent. 
weess of alkali, then y=0°997 approximately. Substituting this 
in (4), we see that K,/K, in this case must be of the order of 
li. The larger the ratio of K, to Ky, the sharper is the end- 
point, and all necessary information can be obtained by giving 
K,/K, certain arbitrary values, then calculating y from equa- 
tim (4) for different values of z, and finally substituting these 
igures in equation (3), thus obtaining the corresponding value 
f——4... 

VK.K, 

The following tables give calculations for various values of 
K/K, and for various additions of alkali. It is assumed for 
the sake of clearness that 20 c.c. of a solution containing equi- 
valent quantities of the two acids are titrated by an equivalent 
“lution of a strong base. 
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TaBLeE I. 
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It is clear from these figures that when X,/K, is very large, 
10°, say, a small excess or deficit of alkali near the equivalent 
point makes a very large difference to the hydrion concentration; 
a 1 per cent. error alters the concentration by a factor of 10. 
Hence not only will the end-point be very sharp, but it is no 
necessary to be too particular about the choice of an indicator, 
so long as the end-point of the indicator is somewhere between 
10,/K,K, and 1/10 K,Kp. 

If K,/K,=10", a 1 per cent. excess or deficit of alkali alters the 
hydrion concentration only by 5 per cent. ; it requires more than a 
10 per cent. excess or deficit before the hydrion concentration is 
altered by a factor of 2. It is hardly possible, even with the best 
indicators, to be certain of titrating by eye to within a factor of 
2, unless elaborate precautions are taken, so that if K,/K,=10, 
titration will be uncertain and inaccurate even if an indicator 
is chosen which changes over very nearly at the correct hydriou 
concentration given by C,= / A) Ko. 

These conditions are illustrated in the figure. The theoretical 
half-way point is supposed to correspond with an addition of 10 c-. 


of the alkaline solution. The logarithm of is plotted 


Cu 
V/K,K, 
against the amount of alkali added, and the flatness of the curves 
near the equivalent point gives a measure of the accuracy obtail: 
able. A factor of 2 in the hydrion concentration corresponds with 
a difference of 0°3 in the logarithm, that is, 3 units on the scale 
of abscisse. Using this criterion, it is clear that even if K,/K,¥ 
as great as 10‘, an accuracy of 1 per cent. can only be obtained 
if an indicator is chosen which changes over as near as possible 
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io the true equivalent point; although if such an indicator is not 
wailable, the curves can be used to correct approximately the 
sults obtained by the use of the best available indicator. 

In general, consideration of the figures of table I shows that an 
accuracy of 1 per cent. in the titration of a dibasic acid in the 
half-way point by ordinary methods cannot be trusted, unless the 
ntio K,/K, is at least equal to 104. This condition can be 
obtained directly, and more accurately, from equations (3) and (4). 

If the concentration of hydrions at the equivalent point is 
halved by a 1 per cent. excess of alkali, it has already been shown 


12-0 


O.c. of alkali added to 20 c.c. of mixed acids. 


0 
Cu 
i, . 
"i «Be 
that y=0°997. Substituting y=0-997 and z=0°01 in equation (4), 


we get 


qin 25 x 108 cee cs oD 


2 
Similarly, if the same alteration in Cy is caused by an excess of 
alkali of 0-1 per cent., or one part in a thousand, then we must 
have 


i= 25 x 108 ee 


2 
The same relations hold good, of course, for the estimation of 
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mixtures of bases, except that at the equivalent (half-way) point, 
we have 


and ,*, 


where X,, is the dissociation constant of water, and K,, K, the 
dissociation constants of the bases. 

Before giving the results of experiments made to check thes 
conclusions, it will be useful to generalise these conditions, and to 
apply the general conditions to other special cases of interest. 

The special case we have already discussed is that where x=]. 
Now when z is not unity, that is, when the acids are mixed in 
any proportions, it is still true to say that for accurate titration 
of the strongest acid in solution, y must be very nearly equal to |, 
when an equivalent amount of alkali has been added. Hence 
from equation (1) we get 

Cy, or in the case of bases C,,,, at the equivalent point = 

 @§ 
and by exactly the same methods as given above, we find that the 
condition of titration to 1 per cent. is that 
ES shall be at least=2°5x104 . . . . (10) 
aK, 
and the condition for titration to 0°1 per cent. is that 
Ky So. 6 
—_— (ree ee « Oe 
These general conditions can be applied in nearly every case; it 
is only when solutions are so concentrated that the “neutral salt” 
effect comes in that they are likely to fail. The titration of a 
single acid or base in the presence of water is simply a special 
case, where the second dissociation constant K, is equal to K,x/, 
where V is the dilution, and X,, the so-called dissociation constant 
of water. At 18°, K,=0°6x10-", so that if V=20, K,xV is 
approximately 10-18. The choice of an indicator in solutions of 
approximately this strength is therefore given by 


C,=/K,x10-8 ..... (1) 


and the condition of titration to 1 per cent. is approximately 


Foti 25 x 10! or K,=2°5 x 10° so & 2 


The absence of a suitable indicator may upset this condition ; it 
is only when KX, is much larger that considerable latitude in the 
choice of an indicator is possible. 
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The following experiments illustrate the theory given above: 

(1) (2) The dissociation constant of ammonia is about 1°8 x 10-°. 
fence the concentration of hydroxyl ions in the solution when 
quivalent quantities of N/10-ammonia and W/10-hydrochloric 
gid are mixed is 

Con= V1°8x 10-5 x 10-8 
=1:3x10-* approximately 


" -14 
Cy = Ae 06 x 10°77 _ about 5 x 10-6. 


Con 13x 10-9 
Methyl-red changes over at this concentration, and this indicator 
iskknown to be very good for the estimation of ammonia. Further, 


1-8 x 10-5 
ince (see equation 13) Jonas — = 18 x 108, that is, is much 


greater that 10‘, a considerable latitude in the choice of an 
indicator is permissible. For example, both methyl-orange (C,= 
about 10-4) and cresol-red (C,,=about 5x 10-8) are reasonably 
god indicators for ammonia, although not so accurate as 
nethyl-red. 

An approximately WV /10-solution of ammonia titrated by V/10- 
hydrochloric acid gave the following results: 

Indicator : 25 C.c. of Indicator : 25 C.c. of 
methyl-red. ammonia taken. | cresol-red. ammonia taken. 

Acid added. Colour ofindicator.| Acid added. Colour of indicator. 

yellow pink 
” orange-pink 
orange . dull yellow 
pink , very yellow 
The correct end-point is very nearly 24°7; titration when using 
eresol-red is much less certain. 

(6) Now consider the conditions if it is required to estimate 
ammonia in presence of an approximately equivalent quantity of 
aniline. Aniline is a very weak base, with a dissociation constant 
of about 3°5 x 10-1°. Hence the concentration of hydroxyl ions in 
the solution when an amount of acid equivalent to the ammonia 
present is added (the half-way point) is:— 


Con = V1°8 x 10-5 x 3°5 x 10-1 (see equation 7) 
=8x 10-5 


0-6 x 10-34 
C.= 310 =7x 10-8. 
K,_1:8x 10-5 
K, 35x 10-1 
necessary to be particular over the choice of an indicator in order 


to get a result within 1 per cent. Methyl-red will therefore be 
EF 


Further, since the _ ratio =5x10-4, it is 
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quite unsuitable, whereas cresol-red may be expected to give , 
good result. 

Twenty-five c.c of the same solution of ammonia were mixed 
with 25 c.c. of an approximately W/10-solution of aniline and 
titrated against WV /10-hydrochloric acid. 


Indicator : methyl-red. 
C.c. of acid added. Colour of indicator. 


24-1 greenish-yellow 

26°8 faint change 

28°3 yellowish-orange 

29-6 pinkish-orange 

33-0 pink 
Note the indefiniteness and inaccuracy of the end-point, which 
should have occurred at 24-7 (see above). 


Indicator : cresol-red. 
C.c. of acid added. Colour of indicator. 


orange-pink 

still slightly pink 

orange 

dull yellow 

quite yellow 
Note the sharp end-point, correct to within 1 per cent. This 
is a very good example of the substantial accuracy of the condi- 
tions given by theory; it is interesting to note the striking effect 
caused by the presence of so weak a base as aniline in a solution 
of ammonia. 

(2) Consider next the estimation of mixtures of bases of about 
the same strength as ammonia and Bpicoline. Take first the 
estimation of such a base as picoline alone in aqueous solution, 
approximately V/10. Since the dissociation constant is 1 x 10-‘ 
we have 

Ky 10-8 
a ie ee 1 5 x 10¢. 
“ K,” (water) 1“ ene 
Hence it should be possible to estimate B-picoline to within 1 per 
cent., but only by choosing the indicator with care. When at 
equivalent amount of hydrochloric acid is added 


Coy is approximately = 4/10-8 x 10-18=3 x 10-1 


_ 06 x 10-14 


" = $< ]9=1 7 2% 10°“. 


The best indicator to use is therefore methyl-orange (orange to 
pink); methyl-red will be quite unsuitable. 


Titr 


The 
agre 
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Titration of an Approximately N/10-Solution of B-Picoline by 
Hydrochloric Acid. 


Colour of indicator. 


A 


C.c. of acid added. Methyl-orange. Methyl-red. 
15-0 yellow yellowish-orange 
18-0 * pinkish-orange 
19-0 os pink 
22-5 a _— 
23-0 orange — 
23°4 pink — 


The end-point given by methyl-orange, namely, 23°0 c.c., is prob- 
ably within 1 per cent. of the correct value; that given by methyl- 
red is hopelessly inaccurate. 

In the case of a mixture of equivalent amounts of ammonia and 
Spicoline, the concentration of hydroxyl ions at the half-way 
point is 


which 


Con= V1°8 x 10-5 x 10-8 


=about 4x 10-’, 


_ 0-6 x 10-4 


This y= =1:5x 10-8, 
ondi- 4x10" 

effect # Phenolphthalein (about 10-8) should therefore indicate a fairly 
ution correct half-way point, but it can only be very approximate, since 


K, 18x10 

- =18x 10-3 
about K,= 10-3 18x L 
5 the . 

tion, Which is considerably less than 2°5 x 10-4. 


A mixture of 25 c.c. each of the standard ammonia solutions 
aud of the above B-picoline solution gave the following results 
when titrated against NV /10-hydrochloric acid: 


Colour of indicator. 


10-8 


C.c. of acid added. Phenolphthalein. 
per 20:8 pale pink 
21-8 trace pink 
1 all 22-0 colourless 


The correct half-way point is 24°7 [see example (1)]. 
The titration was then completed by adding methyl-orange to 
the solution. 


Colour of indicator 


C.c. of acid added. (methyl-orange). 
e to 45-0 yellow 
46-3 yellowish-orange 
475 orange 
48-0 pinkish-orange 


The correct end-point should have been 24-7 +23°0=47°7, which 
agrees as well as could be expected with that found. 


F* 2 
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(3) Similar experiments were made with mixtures of phenol 
and acetic acid. The dissociation constant of phenol is given as 
1-3 x 10-; it is therefore too weak an acid to be estimated voly. 
1:3 x 10-¥ _ 1-3 108 is much smaller th 
10-13 all 
2°5x104. KX for acetic acid is 1°8 x 10-5; the correct indicator for 
its estimation alone is therefore given by 


metrically, for 


Cy = J1°8 x 10-5 x 1-0 x 10-8 
= 13x 10-® approximately. 


Phenolphthalein (10-8) is quite satisfactory, since the ratio 


18x107-5 . rill 
TO x10-13 is very large. If it is required to estimate the acetic 


acid present in a mixture of this with phenol in approximately 
equivalent proportion, an indicator must be used which change: 
over at 
Cu= VI8x 10x 13x 10-0 
= 6x10 
Hence cresol-red should indicate the half-way point, whereas 
phenolphthalein will give too high results, for the ratio 


1:3 x 10-10 | 
18x 10-5 
is too low to allow of any latitude in the choice of an indicator. 
Twenty-five c.c. of approximately V/10-acetic acid were found 
to be neutralised by 25°15 c.c. of V/10-sodium hydroxide, using 
phenolphthalein. The end-point was very sharp, and this result 
is probably accurate to 0-1 per cent. The results obtained by 
titrating a mixture of 25 c.c. of the same acetic acid solution and 
25 c.c. of W/10-phenol against WV /10-sodium hydroxide were as 
follows: 


x 104 


Colour of indicator. 


C.c. of alkali added. Cresol-red. Phenolphthalein. 
yellow colourless 
pinkish-orange * 
pink ” 
dark pink trace pink 


The results are in good agreement with theory; an equally good 
if not slightly better, half-way point was obtained by sit 
azolitmin as an indicator (10-71); this suggests that the dissocia 
tion constant of phenol given in the literature is slightly too low. 

(5) Some other examples may now be given in less detail 
Monochloroacetic acid (K=1°55x10-%) cannot be estimate! 
accurately in the presence of acetic acid (1°8 x 10-5), since the rati 
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of the constants is too small. The total acid present can, of course, 
be accurately estimated by using phenolphthalein. The nearest 
indicator for the ‘‘half-way” point would be that changing 


over at 


Cu=V1°55 x 10-3 x 1-8 x 10-5=1°7 x 10-4. 


An attempt made to estimate the monochloroacetic acid in a 
mixture with an exactly equivalent quantity of acetic acid gave a 
result, with methyl-orange, corresponding with 13°5+0°5 c.c. of 
¢andard alkali, whereas the total acid present was neutralised by 
9°75 c.c. of alkali. 

On the other hand, trichloroacetic acid (3x10-1) can be 
approximately estimated in the presence of acetic acid, since the 
ees is only slightly less than 2°5x104. The best 
indicator to use is methyl-violet. Trial gave 12-8+0°2 c.c. for the 
half-way point, and 25°70 c.c. for the end-point (phenolphthalein). 
The first and second steps of the “ neutralisation” of phosphoric 
acid can, as is well known, be detected accurately by the use of 
suitable indicators. This agrees well with theory, for 

K,=1x 10-2, 
. m “7° K, 
K,=2x 10-7, K,=4x 10-13, and the ratios K and x are large. 
8 
The best indicator to use for the first step is that changing over 
at 2x 10-9=10-*'5, that is, methyl-orange (orange to yellow) ; 
imilarly, phenolphthalein is suitable for the second stage. The 
third dissociation is too weak for a final “end-point” to be 
obtained. These facts are, of course, well known, and are only 
quoted to show how they agree with the conditions given above. 
B Succinic acid (K,=6-5 x 10-5, K,=3 x 10-®) cannot be titrated to 

ahalf-way point, but maleic acid (K,=1°3x10-*, K,=3-0x 10-7, 
ntio=4 x 104) can, methyl-orange being a suitable indicator. As 
the second dissociation constants of these acids are fairly high, 
accurate final ‘‘end-points”’ can be obtained in both cases by the 
ie of phenol- or thymol-phthalein, so that titration to the half- 
vay point is unnecessary when the solution contains no other acid ; 
but if another weak acid, for example, of the order of 10-7, is 
present in each solution, the succinic acid cannot be separately 
stimated, but the maleic acid can by titrating to the half-way 
pint with methyl-orange. This has also been confirmed by 
periment. 

Finally, attention may be drawn to a point of some importance. 
‘lutions of acid salts are often recommended as “ hydrion 
regulators.” It should not be overlooked that if the salt is that 


ratio 


142 COX: THE INFLUENCE OF THE SOLVENT ON THE 


of a di- or tri-basic acid, the dissociation constants of which are 
very different, a small excess of base or acid in the solution will 
have a large effect. This is clearly shown by the figure on p. 135, 
For example, if a solution of disodium hydrogen phosphate js 
chosen as the regulator, an excess of one part in a thousand of 
sodium hydroxide or of phosphoric acid will alter the hydrion 
concentration nearly by a factor of 2, since 

K,_ 2x10" _ |; P 

K.~ tx 10-8 0:5 x 108, 
On the other hand, a similar excess in the case of sodium hydrogen 
succinate will have a negligible effect, since the ratio of the two 
dissociation constants of this acid is small. As stated in a previous 
paper (Tizard and Whiston, T., 1920, 117, 151), it is considered 
that the best and most convenient way of preparing solutions of 
known hydrion content between C,,=10-3 and Cy=10-" is by 
mixing solutions of ammonia and acetic acid, the relative strengths 
of which can be estimated with great accuracy. 


Ortet CoLtLEGE, OxFrorpD. [Recetved, December Tih, 1920.] 


XVI.—The Influence of the Solvent on the Temperature- 
coefficient of certain Reactions. A Test of the 
Radiation Hypothesis. 


By Henry Epwarp Cox. 


In a former paper (T., 1920, 117, 493) the velocity of three analo- 
gous reactions—sodium naphthoxide and the alkyl iodides—n 
fifteen alcohols was discussed and a relation was shown between the 
constitution of the solvents and the effect on the velocity. The 
present paper deals with the temperature-coefficients of the reaction 
in different solvents of bromoacetophenone with aniline and of 
sodium naphthoxide with ethyl iodide. 

The point of view adopted is that the reactions take place by the 
formation of intermediate compounds or solvent—solute complexes, 
the velocity being dependent on the constitution of the complex 
and hence on the constitution of the solvent. Much experimental 
evidence could be adduced in support of this, and the remark of 
Patterson and Montgomerie (T., 1912, 101, 26), that solvents fre 
quently affect different reactions in the same order, is capable of 
interpretation on this line. Further, it may be supposed that the 
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raction—whether or not the solvent takes part in it—is brought 
sbout by the infra-red radiation present in the system as proposed 
by Lewis in his papers on catalysis. 

A study of the temperature-coefficients in different solvents affords 
, crucial test whereby the radiation theory as developed by Lewis 
may be examined, and the results obtained in this investigation 
gnerally support the theory subject to certain restrictions on 
account of the special characters of the solvent. 

It is now generally recognised that reaction velocity depends not 
om kinetic energy, but on the internal energy of the molecules con- 
erned ; they react when their energy exceeds a certain critical value. 
The well-known equation of Arrhenius, which agrees with the 
experimental data more nearly than any other of the many equa- 
tions which have been proposed for the influence of temperature, 
involves the idea of a critical value for the energy of the molecule, 
although it was suggested that kinetic energy is principally con- 
cerned. Arrhenius applies van’t Hofi’s isochore to direct reactions 
by assuming an equilibrium between active and passive molecules, so 
that in the well-known equation. log = A() - 4 ), A is a con- 

kta I, 7; 
stant which denotes half the heat required to transform 1 gram- 
molecule from the passive to the active state. 

Lamble and Lewis (T., 1914, 105, 2330) deduce from this equa- 
tion that when a positive catalyst is present in large quantity a 
diminution of the temperature-coefficient should follow. They state 
that (assuming the identity in nature of temperature and catalytic 
eects) when much catalyst is present the transformation from pas- 
sive to active molecules should have taken place, and therefore tem- 
perature should have a less additional effect in accelerating the 
reaction. Arrhenius supposes, however, that the number of active 
molecules is so small that the concentration of the inactive molecules 
is, for purposes of calculation, equal to the concentration of the sub- 
stance; so whilst Lamble and Lewis’s statement may be correct in 
extreme cases it cannot apply to reactions where the velocity is accel- 
erated only a relatively small number of times by the catalyst. In 
their experiments on the hydrolysis of methyl acetate, the accelera- 
tion by the added catalyst is only about forty times at constant 
temperature, and no regularity of effect on the temperature-coeffi- 
cient is observed, which confirms the opinion that no diminution is 
required on the Arrhenius view. On the radiation theory such 
diminution is a necessary mathematical. consequence, so that if a 
sufficient change of velocity can be examined experimentally, herein 
lies a test of this application of the quantum theory. 

The fundamental equation for the influence of temperature on 
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the radiation theory is that of Marcelin and of Rice (Compt. rend, 
1914, 158, 116, 407; and Rep. Brit. Assoc., 1915, 397), namely, 


— = E/RT?, where F# is the gas constant and Z£ is the critical 


increment of internal energy which the molecule must receive before 
it can react. This equation leads to an integrated equation of the 
same form as that of Arrhenius; hence it is equally in accord with 
the experimental results. It has the merit also that 7 represents 
definite physico-chemical property of the substances and which can 
be measured. 

Lewis (T., 1916, 109, 796), by suggesting that the increase in 
internal energy EF which the molecule must receive before reacting is 
communicated to it by the infra-red radiation present in the system 
and absorbed in quanta of a definite frequency, correlates the 
velocity of reaction, effect of temperature, and added catalyst or 
solvent. Applying Planck’s radiation formula to the Marcelin-Rice 
equation, Lewis draws the necessary conclusion that “‘ any agency 
which increases the reaction velocity (positive catalysis) diminishes 
the temperature-coefficient of the constant; any agency which 
diminishes the velocity (negative catalysis) increases the value of the 
coefficient.” 

Skrabal (Jfonatsh., 1916, 37, 495), from an entirely different line 
of argument, arrives at a more general conclusion that the relations 
between reaction velocity, temperature effects, influence of the sol- 
vent, added catalyst, and photochemical action are all essentially 
the same; accordingly, change in the reaction velocity effected by 
any one of these factors diminishes as the magnitude of the velocity- 
constant rises. A special case of this generalisation is clearly that 
the temperature-coefficient will be inversely as the velocity in the 
presence of any given solvent or catalyst. 

Experimental evidence either for or against these conclusions is 
up to the present rather scanty. Since the examples quoted by 
Lewis, a few more results have been published by Dhar (T., 191), 
101, 707), who has obtained results from the investigation of cer- 
tain reactions sensitive to light, in which there is a gradual diminv- 
tion of the temperature-coefficient as the velocity rises, due to the 
increased concentration of the catalyst in aqueous solution. These 
experiments differ from those contemplated by the radiation hypo- 
thesis (ordinary thermal reactions) in being truly photochemical. 

Apart from the question of the possible relations between the 
physical properties or chemical constitution of a solvent and its 
effect on the reaction velocity, it has been suggested that it may, for 
purposes of temperature-coefficients, be considered purely from the 
point of view of a catalyst; the experiments here described were 
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designed specially to test this application of the quantum theory in 
so far as it leads to a relation between velocity and temperature- 
coefficients. Two reactions have been measured in a range of sol- 
vents so selected as to obtain as wide a difference as possible in the 
velocities at one temperature and the value of the temperature-coeffi- 
cient in each solvent has been found. If Lewis’s deductions are 
correct there must be an inverse proportionality between velocity 
and temperature-coefficients. 

One of the reactions measured is between molecules only, and is 
measured in a series of dissimilar solvents; the other is a dual reac- 
tion between ions and molecules jointly, and has been measured in a 
series of related solvents. The object of this is to test the radiation 
hypothesis under widely differing conditions and to find in what 
respect its conclusions require modification on account of the special 
effects of a solvent, such as ionisation and the formation of definite 
complexes or intermediate compounds, which is indicated by the 
experimental results of so many papers to be found in the litera- 
ture, and is supported by the conclusion deduced in the former 
paper that solvent action is in part a constitutive property of the 
solvent. The results will be discussed after the experimental data 
have been summarised. 


ExPERIMENTAL. 


The Velocity of the Reaction of w-Bromoacetophenone with 
Aniline. 


This reaction is a simple addition, no further change taking place 
in non-aqueous solution ; this is shown by the analysis of the pro- 
duct. The bromoacetophenone was prepared by Rather and Reid’s 
method (J. Amer. Chem. Soc., 1919, 41, 75), and recrystallised 
several times from hot alcohol. The aniline was redistilled and frac- 
tionated immediately before use (b. p. 183°5—184°). The requisite 
quantities were dissolved separately, so as to make the resulting 
solution V/2 with respect to each substance; a quantity of the 
solution was placed in each of six small tubes placed in the thermo- 
stat and the time counted from the moment of removing the first 
tube after allowing time for the tubes to attain the temperature of 
the bath. In methyl and ethyl alcohols, in which the reaction is 
very fast, the mixture was made in a small flask in the thermostat 
and a fraction withdrawn at intervals by a specially calibrated 
pipette. The reaction was followed by pouring the contents of the 
tube into cold water containing 5 c.c. of N/10-silver nitrate and 
some ferric sulphate acidified with nitric acid ; the excess of silver 
nitrate was then titrated with NW /10-thiocyanate. This gives a 
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measure of the concentration of the product containing the ionised 
halogen. 

The temperatures for this reaction were 27°8°, 37°8°, and 47:80 
registered on a standard thermometer. Time is reckoned in 
minutes, and the value of the velocity-constant obtained from the 
usual bimolecular equation; the results are calculated in terms of 
gram-molecules per litre. From the examples given below it will be 
seen that the results are concordant over the range of concentration 
investigated, and in certain of the solvents, in which after a time 
the salt produced begins to crystallise out, there appears no change in 
the velocity-constant. Duplicate experiments were made in several 
solvents, and the agreement is satisfactory. 

The solvents used for this reaction were benzene, chloroform, 
nitrobenzene, acetone, and methyl, ethyl, n-butyl, and benzyl alco- 
hols. These solvents were in each case carefully dehydrated and 
redistilled or fractionated, the same batch of solvent being used for 
each temperature, so that no variation in the temperature-coefficient 
could be due to a variation in the purity of the solvent. A few 
examples of the experimental data are as follows: 


Taste I. 


Solvent: Chloroform. 


Temperature, 27°8°. | Temperature, 47°8°. 
1°646 c.c. titrations. 1-646 c.c. titrations. 
t. KCNS/10. AgNO,/10.  &. | t KONS/10. AgNO,/10.  &. 

0° 4-92 4-92 — 0° 4-92 4-92 nee 
68 4-65 4-92 0-000997 | 65 4°20 4-92 0-00295 
174 4°30 4-92 0-000937 149 3°38 4-92 0-00309 
263 3°99 4-92 0-000966 | 270 2-66 4-92 0-00281 
328 3°78 4-92 0-000981 335 2-10 4-92 0-00311 
BOOM scccseees 0-000970 Mean _ ....cees- 0-00299 


Solvent: Methyl Alcohol. 


Temperature, 27°8°. | Temperature, 47°8°. 
1:646 c.c titrations. | 1°646 c.c. titrations. 


t. KCNS/10. AgNO,/10. k. t. KCNS/10. AgNO,/10. k. 
0° 9-63 9°83 — 0° — 4-92 — 
6 8-80 9-83 0-0404 2 3-78 4°92 0-161 
ll 8-34 9°83 0-0367 4 3°13 4°92 0°139 
17 7-68 9-83 0-0400 5 2-86 4-92 0-134 
21 7-42 9-83 0:0384 6 2-51 4-92 0-138 
Mean ......... 0-0389 WE. ncasictin 0:143 


the 
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TaBLE I.—continued. 


Solvent: Nitrobenzene. Solvent: Acetone. 
Temperature, 37°8°. Temperature, 37°8°. 
1°646 c.c. titrations. 1°646 c.c. titrations. 
t KONS/10. AgNO,/10. — &. t. KOCNS/10. AgNO, /10.  &k. 
0° 4-92 4:92 — 0° —- 4:92 ae 
15 4°14 4-92 0-0140 ll 3-89 4:92 0-0260 
95 3°73 4-92 0-0136 16 3°43 4-92 0-0277 
42 3-06 4-92 0-0139 24 2-97 4-92 0-0260 
51 2-80 4-92 00-0136 28 2-61 4-92 0-0279 
PROGR scceccass 0-:0135 | 0-0269 


The results of these and other experiments are summarised in 
table IT. 


TaBLe II. 
Temperature. 

Solvent. 27-8°. 37°8°. 47-8°. 
Ethyl ether ............00. 0-000607 —_ — 
BeRSOMO 22. .cccccccccscccccee 0-000644 0-000985 0:00150 
Chloroform _ ............06- 0-000970 0-00186 0-00299 
Nitrobenzene ............++. 0-00617 0-0135 0-0252 
RGGBORD cecsccccvcsecesscccee 0-0139 0-0269 0-00440 
Benzyl alcohol ............ 0-0208 0-0440 0-0924 
W-Butyl 49 secccccccees 0-0267 0-0550 0-116 
Ethyl 90 taeeceseees 0-0290 0-0626 0-124 
Methyl 1 betenonnsane 0-0389 0-0748 0-143 


The velocity in methyl alcohol, which is the most rapid, is about 
seventy times that of the slowest of the series at the one tempera- 
ture, and the other solvents examined give a good range of varia- 
tion for the velocity-constant, so that if the temperature-coefficient 
is proportional to the velocity a distinct difference in its value is 
reasonably to be expected. Before proceeding to this point it is 
necessary to find whether the integrated equation of Arrhenius or 
of the radiation theory is in agreement with the experimental 
results. This may be conveniently tested graphically, for it is 
dear that if the logarithm of the velocity is plotted against the 
reciprocal of the absolute temperature, the results should lie upon a 
straight line if the equation is applicable. The slope of the line 
will indicate approximately the temperature-coefficient. The figure 
shows that these results are represented by the equation in question 
within the limits of experimental error. 


Temperature-coefficients. 


The most usual form of expressing temperature-coefficients is by 


. &k : , , 
the ratio— — , the value of which for reactions at ordinary tem- 
t 
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peratures is generally from 1°5 to 3°5 for thermal reactions, very 
large or very small values being usually associated with photochenj- 
cal effects. It is, however, clear from the form of the equation 
dlogk/dt=E/RT* that the ratio for ten degrees varies inversely 
with the temperature, so that it is essential in comparing the ten- 
perature-coefficients for the reaction in all solvents that the same 
range of temperature be considered in all cases. The values of the 


w-Bromoacetophenone and aniline. 
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above ratio over the range 27°8° to 47°8° are shown in table II]; 
it will be noted that the ratio k,-../ky,.se is slightly higher than 
the ratio k,,.,./ks7.g, as is required by the theory. 

The effect of temperature on the velocity is, however, better 
expressed, in terms of the radiation theory, by Z, which represents 
the extra amount of energy in calories per gram-molecule which * 
required to enable the reaction to proceed. This constant is inde 


TEMPERATURE-COEFFICIENT OF CERTAIN REACTIONS. 


Taste ITI. 


7*8¢ Kq7-g0 keq7-g0 

Solvent = ksz-g0 keer-ge 

1-52 2°33 

1-61 3°09 

1-87 4-08 

Acetone ° 1-64 3°16 
Benzyl alcohol ° 2-10 4:44 
n-Butyl ° 2-10 4-33 
Ethyl . 1-98 4-28 
Methyl ° 1-91 3°68 


pndent of temperature, and may therefore be used for the com- 
prison of different reactions over different ranges of temperature. 

The mean values of F for this reaction are shown in table IV; 
R, the gas constant, is taken as 1-985 calories. 


Taste IV. 


Solvent. ° Kg7-ge" 
Benzene 0-000985 
Chloroform 0-00186 
Nitrobenzene ] 0-0135 
Acetone 0-0269 
Beuzyl alcohol ‘ 0-0440 
n-Butyl 0-0550 
Ethyl . 0-:0626 
Methyl] . 2 0-0748 


The value of the temperature-coefficient for this reaction is 
maller than is frequently the case; especially is this so in solvent 
benzene. This suggests the possibility that the reaction is sensitive 
to light or is photochemical ; all the reactions in these papers were 
conducted in the dark in a covered thermostat. 

Experiments in benzene showed that there is no difference in the 
velocity of this reaction in the dark or in strong sunlight. 


The Reaction between Sodium B-Naphthozide and Ethyl Iodide. 


This reaction and the influence of the solvent upon it has been 
investigated in some detail by the author (T., 1918, 113, 666, 821; 
1920, 117, 493). It differs essentially from the reaction of bromo- 
acetophenone with aniline, in that it is a dual reaction between ions 
and molecules of the base (in different proportions in the different 
solvents) and the molecules of alkyl iodide. It has been shown, 
too, that there exists some relation between the chemical constitu- 
tion of the solvent and its effect on the velocity. The details of 


150 COX : THE INFLUENCE OF THE SOLVENT ON THE 


the preparation of the solvents and reactants, and the method of 
measurement, is the same as has been described in the last paper, 
The temperatures at which the velocity has been measured ar 
40°0°, 50°5°, and 68°2°. The solvents used are nine alcohols, 
namely, methyl, ethyl, n- and iso-propyl, n- and iso-butyl, iso- and 
tert.-amyl and benzyl alcohols; the range of variation of the 
velocity at any one temperature is about fifteen to one, so thata 
small but distinct change in the value of the temperature-coefficient 
is reasonably to be expected. Although there are indications that 
in some of the associating solvents the reaction is very fast com 
pared with that in the alcohols, it is not possible to measure the 
velocity under comparable conditions because of the relative insolu 
bility of the sodium salt in them. It has been shown also that the 
initial concentration has a very large effect on the velocity; this 
change, due to initial concentration, is not found in the reaction of | 
bromoacetophenone, and a study of the literature suggests that 
such effect is an indication of the dual nature of the reaction inf, 
which it is observed. | 

A small point here to be noted is that while in the reaction of 
bromoacetophenone with aniline the precipitation of the salt has 
no effect on the velocity, in the reaction of sodium naphthoxide the 
precipitation of the ether formed has a very marked effect in accel- 
erating the reaction; ccnsequently, one is limited to solvents in 
which the products are completely soluble to nearly normal 
concentration. 

The experimental results are exemplified and summarised in 
tables V and VI. 


TABLE V. 
Solvent: isoAmyl Alcohol. | Solvent: n-Butyl Alcohol. 


Temperature, 68°2°. | Temperature, 68°2°. 
N-Ethy] iodide. | N-Ethyl iodide. 
N-Sodium naphthoxide. | N-Sodium naphthoxide. 
1:00 c.c. titrated with 0°498 c.c. titrated with 
WN /25-HCl. 

a-— vz. 

21°35 

19-75 

18-30 

17-20 

16-00 

15°15 
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TasLe VI. 


Sofvent. Ki4q090° K5o-50° Keeg-20° 
Ethyl alcohol 0-00790 0-0212 0-125 
isoPropyl ,, 0-00646 0-0177 0-101 
Methyl] 0-00460 0-0130 0-0875 
n-Propyl 0-00442 0-0127 0-0868 
n-Butyl 0-00404 0-0107 0-0631 
isoButyl 0-00399 0-0113 0-0525 
Benzyl 0-00273 0-00781 0-0456 
isoAmyl] 0-00223 0-00649 0-0320 
tert.-Amy] 9-000533 0-00155 0-00987 


On plotting the values of log k against the reciprocal of the 
solute temperature it is again found that the experimental results 
eaccurately represented by the integrated equation of Arrhenius 

‘J of the radiation theory. The mean values of Z, the real tem- 
wature-coefficient, may, therefore, be calculated with the results 
4 out in table VII, in which the solvents are placed in the order 
i decreasing velocity. 


Taste VII. 


Solvent. ER. Kegn-ge- 
Ethyl alcohol 19840 0-00790 
isoPropyl ,, 19990 0-00646 
Methyl 21010 0-00460 
n-Propyl 21300 0-00442 
n-Butyl 19650 0-00404 
isoButyl] 19650 0-00399 
Benzyl 20650 0:00273 
isoAmyl] 20240 0-00223 
tert.-Amyl ,, 21190 0-000533 


For the purpose of comparison of the temperature-coefficients of 
his reaction with those of the addition of bromoacetophenone to 
uiline, the values of the ratio ky, .9/%; for 37°8° and 47°8° are set 
ut in table VIII, and it will be observed that they are consider- 
ibly higher in all the solvents than those of the aniline reaction, 
the velocity of which is much higher at the same temperature in 
hose solvents which are common to the two sets of experiments. 


Taste VIII. 


Solvent. Keqz-ge/Kg7-30- Keqz-ge- 
Ethyl alcohol 2-73 0-0188 
isoPropyl ,, 2°75 0-0156 
Methyl ” 0-0109 
n-Propyl ,, 0-0105 
n-Butyl ,, 0-00957 
tsoButyl 0-0100 
Benzyl 0-00664 
isoAmyl 0-00563 
tert.-Amyl 0-00128 


to RD to ND RD Ay hy 
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On the radiation hypothesis some importance attaches to the 
refractive index of the solvents and its temperature-coefficient 
strictly the value of m for the infra-red wave-lengths is concerned, 
but it has been shown that for many liquids the refractive index 
for the infra-red region is close to that for the visible portions of 
the spectrum (compare, for example, the results of Seegert, Diss, 
Berlin, 1908, who finds the refractive index for many liquids in 
the infra-red, and whose results are not much different from those 
given for the D-line).* It is therefore sufficient for the present 
purpose to refer to the temperature-coefficient for the refractive 
index for the sodium line; the error so introduced will be small. 
The values of m and its temperature-coefficient for all the solvents 
are set out in the following table. These have been determined by 
the author in most cases; reference is given to those taken from the 
literature (Landolt-Bérnstein). 


Taste IX. 


Solvent. n, at 20°. dn /dt. 
Methyl alcohol? 1-3290 0-00040 
Ethyl! alcohol ? 1-3617 0-00040 
n-Propyl 1-3849 0-00031 
isoPropyl 1-3795 0-00030 
n-Butyl 1-3992 0-00026 
isoButyl 1-3937 0-00046 
isoAmyl 1-4053 0-00026 
tert.-Amyl 1-4042 0-00030 
Benzyl 1-5402 0-00037 
Acetone 1-3687 0-00039 
Benzene * 1-5014 0-00065 
Nitrobenzene * 1-5421 0-00033 
Chloroform > 1-4462 0-00059 


2 Jahn, Ann. Phys. Chem., 1891, [iii], 43, 301. 
2 Ketteler, ibid., 1888, [iii], 33, 508. 
3 Weegmann, Zeitsch. physikal. Chem., 1888, 2, 237. 
4 Lewis, T., 1916, 109, 796. 
Lorenz, Ann. Phys. Chem., 1880, [iii], 11, 70. 


There is no apparent connexion between the value of n and its 
temperature-coefficient. 

By using Einstein’s law of the photochemical equivalent which 
Lewis shows to be applicable on the radiation theory, the wave- 
lengths and frequencies of the infra-red radiation absorbed can be 
calculated. Taking Avogadro’s number as 6°85 x 10°3 and Planck's 
constant as 6°55 x 10-°?, the wave-lengths (in microns) and the 
frequencies (v) for the bromoacetophenone reaction are as follows: 


* These data are taken from Landolt-Bérnstein’s tables. Seegert’s paper 
is not accessible in this country. 
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TABLE X. 


Solvent. Frequency v. Wave-length (x). 


Benzene x 104 
Chloroform *85 x 10! 
N trobenzene -26 x 1014 
Acetone ‘04 x 1014 
Benzyl alcohol x 10*4 
n-Butyl -31 x 10% 
Ethy] x 10! 
Methyl x 10! 


These are, of course, mean values, as it is not supposed that only 
me frequency is concerned. For the reaction of sodium naphth- 
wide with ethyl iodide the values of v and p» are near together and 
ie between v=1°84x10", p=1°63, and v=1°98x10%, n=1°51 
respectively. 

Discussion of the Results. 


It is quite evident that if the application of the radiation theory 
0 the problem of the réle of the solvent in chemical kinetics is 
io be accepted, other factors must be considered which may exert a 
rry considerable modifying influence on the true # value, as 
listinct from that observed, for there is no obvious relation between 
the observed velocities and their temperature-coefficients. Some 
if these factors and the question of the legitimacy of comparing 
actions in different solvents and of treating the solvent as an 
aided catalyst will now be briefly considered. 


The Influence of the Refractive Index of the Solvent. 


The equations for the velocity of reaction on the radiation theory 
are deduced by multiplying the ordinary concentration terms by 
the radiation density which is supplied by the solvent or added 
atalyst. This is given by Planck’s equation, 


8xrhvins 1 
U,= 


° Oe 


in which expression / is the universal constant, v is the absorbable 
irequency, n the refractive index for the wave-length concerned, 
¢the absolute velocity of light, and & the gas constant. The ex- 
pression shows that the requisite energy supply is proportional to 
the cube of the refractive index, so that. variation of the latter 
with temperature may be important in modifying the value of L. 
It has been shown that the value of the temperature-coefficient of 
the refractive indices of these solvents varies from dn/dt =0°00026 
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to 0°00065, so that the effect of this on the observed F value may 
be calculated. 

Instead of writing dn/dt, the temperature-coefficient of the 
refractive index may be expressed by writing m=m,)— bt, and when 
b/n, is written 8, Lewis (Joc. cit.) deduces the equation: 

d log k.,,. - Nhv—3B8RT? 
dt RT? 


Starting from this equation, the effect of 6 can be calculated as 
follows : 


dt RP 


for by Einstein’s law, = Nhv. Integrating this expression between 
the limits 7, and 7, 


d log k , oS 


log kr, -log kp, = E/R(7-— gr) - 38(T2~ 1). 
2 


1 


The effect of this correction is illustrated by calculating the 
corrected value for # for the first reaction in solvent benzene, for in 
this liquid 8 has the greatest value, and so the correction will be 
greatest. ‘The corrected value for # works out to 8330, using the 


approximate value for mj. This correction is not negligibly small 
when £ is compared with the mean uncorrected value 8088 given in 
table IV; its magnitude is comparable in value with the possible 
experimental errors, and will not alter the general relationship 
between velocity and temperature-coefiicients. 

In the second reaction in the alcohols the correction for the tem- 
perature-coefficients of the refractive indices will be smaller than 
the value calculated out for benzene because 8 is smaller and the 
£ value to be corrected is larger. 


The Effect of Dissociation of the Solute. 


This cannot be treated in a precise manner. 

The fundamental relationship of the radiation theory is deduced 
from an equation of the form (for a unimolecular reaction) dx/dt= 
A(a—x)xC,x U,, where C, is the concentration of the added cata- 
lyst or solvent and U, is the radiation density, which for simplicity 
is considered as of a single frequency v. In a bimolecular reaction 
there will be energy absorbed in quanta by each of the reactants, s0 
that two radiation density terms are concerned. If, however, the 
reaction is a dual one and the reactants are ionised in solution, both 
the ions and the molecules are concerned, and there will be energy 
absorbed in quanta by the ions and the molecules. There will then 
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be three or four (if both reactants are ionised) characteristic 
frequencies. 

It has been shown in a previous paper that the reaction of sodium 
saphthoxide concerns ions and molecules of the base, and molecules 
of the alkyl iodide; three frequencies are therefore concerned. 

The work of Acree and others makes it clear that the ions are 
about five times as reactive as the molecules in these bases. The 
relation between these factors is expressed by the equation (com- 
pare Robertson and Acree, Amer. Chem. J., 1913, 49, 474), 


kins. = {k(a) +%,,(1 —a)} {1 +f(C)aairt- 


So that to correct the values of # obtained for the reactions it is 
necessary to know the extent of ionisation of the reacting sub- 
stances in a variety of solvents; also by means of velocity measure- 
nents at different concentrations to find the values of k; and km», 
then to incorporate these into the equations of the radiation theory. 
Such data are not available at present, but in the author’s view 
this is the explanation of the observed facts in the reaction of 
sdium naphthoxide, that the temperature-coefficients are not in 
the inverse order of the velocities. This is borne out by a con- 
sderation of the probable extent of ionisation as evidenced by the 
dielectric constants of the solvents. 

Considering the first four alcohols, methyl, ethyl, m- and tso- 
propyl, their dielectric constants are similar, and in them it may 
be supposed that the extent of dissociation is also similar; their 
other properties also are only slightly varied. In these solvents the 
temperature-coefiicients are inversely as the velocities. 


Taste XI. 


Dielectric 
Solvent. constant. Kgg.ge: E. 
Ethyl alcohol 26 0-0188 19840 
isoPropyl 26 0-0156 19990 
Methyl 32 0-0109 21010 
n-Propyl 23 0-0105 21300 


n- and iso-Butyl alcohols have the same dielectric constants, and 
in them both the velocity and Z are practically the same. With 
the increasing length of the carbon chain in the higher alcohols the 
dissociating power, connected with the hydroxyl group, un- 
doubtedly becomes less, so that these members of the series cannot 
be compared with the lower members from the point of view of 
pobable ionisation. 

Also it may be noted that isoamy! and benzyl alcohols have simi- 
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lar dielectric constants (16), and here again the observed tempers 
ture-coefficient is inversely as the velocity. 

A similar deduction is possible in the reaction of bromoaceto. 
phenone (which is not ionised in organic solvents), for whilst there 
is no apparent relation between the velocity and temperature-coefi- 
cient in the whole range of solvents, when. similar solvents are 
compared such relation appears. It is even possible to compare 
solvents which are not comparable for the other reaction, becaus 
in this reaction differences of ionisation do not arise. On comparing 
the alcoholic solvents used for the bromoacetophenone reaction the 
relation is quite evident. 


TasLe XII. 


Solvent. kega-ge- E. 
0-0924 14290 
0-116 14060 
0-124 13910 
0-143 12440 


Is the Solvent to be Treated as a Catalyst? 


The results of this investigation as a whole indicate clearly that 
the deductions of the radiation theory are supported by the facts 
when similar solvents are considered, and when the state of the 
solute in the solvents is strictly comparable. In dissimilar liquids 
the relations of temperature-coefficients and velocity are quite dis 
cordant. This shows that the influence of a solvent is more than 
that of a simple catalyst; it actually participates in the reaction. 
It is on this account that the effect of a solvent is partly constitu 
tive, for if it be supposed that the solvent forms a definite com- 
pound or complex with the solute by means of residual affinity (in 
the sense used by Baly, “ Spectroscopy,” 1918 edn., 486), it is clear 
that the velocity will depend upon the constitution of the solvent- 
solute complex, and this, in turn, will depend on the constitution of 
the solvent and of the solute. The fact that velocities in different 
solvents are at all comparable will be due to the dominating inflv- 
ence of the solute on the constitution of the complex. The internal 
energy of the complex will be specific, so also will be its critical 
increment; hence, in general, there will be no proportionality im 
dissimilar solvents between the velocity and the temperature 
coefficient. When, however, solvents are chemically similar, and 
the conditions above referred to respecting the extent of dissoci- 
ation are fulfilled, then the solvent may be considered purely as 4 
catalyst for the purposes of calculation on the radiation theory; 
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yd the critical increment of internal energy will be less as the 
velocity increases. 

In additicn to the experimental data recorded in this paper, the 
above conclusions are supported by the results of von Halban 
‘B(leitsch. physikal. Chem., 1909, 67, 129) for different solvents. 
These results show no relation between the velocity and tempera- 
ture-coefficients over the whole series of solvents, which are very 
diverse in kind; but when similar solvents are selected from the 
list, the values of HY are inversely as the velocity (von Halban cal- 
clates the A of the Arrhenius equation, which is, of course, pro- 

rtional to the # of the radiation theory). The figures are shown 
in table XIII, and refer to the rate of decomposition of triethyl- 
ulphine bromide. 


TasLe XIII. 


Solvent. Kage A. 
Benzy! alcohol ............. 0-00010 7450 
R-PrOPy] 49 secccccsccccece 0-00018 7380 
COORTIGE tp ttc sccensscness 0-00045 7260 


’ 7 
Summary. 


The influence of eight chemically dissimilar solvents upon the 
temperature-coefficients of the reaction of bromoacetophenone with 


. o aniline, and of nine chemically similar solvents upon the reaction 

wr of sodium 8-naphthoxide with ethyl iodide, has been measured. 

* a The equation of Arrhenius for the effect of temperature does not 
an 


require any relation between the velocity and temperature-coeffi- 
cient, but the mathematical development of the radiation theory by 
Lewis and others requires that the temperature-coefficient of the 
reaction in the several solvents shall be inversely proportional to 
the velocity in that solvent. 

These experiments have been designed to test this deduction of 
the radiation theory, and to throw some light on the réle of the 
solvent in chemical kinetics by showing to what extent the solvent 
may be considered as a simple catalyst; and to what extent it has 
a constitutive effect dependent upon the chemical constitution of 
the solvent—solute complex. 

Temperature-coefficients of the refractive indexes of the solvents 
for the D-line have been measured, and the effect of this on the 
temperature-coefficient cf the velocity is considered; the effect of 
dissociation of the solute in the case of the reaction of sodium 
naphthoxide is also discussed. 

It is found that the temperature-coefficient is inversely as the 
Velocity in similar solvents for the reaction of bromoacetophenone, 
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and for the reaction of sodium naphthoxide in those solvents jy 
which the extent of ionisation is similar; but that the relationship 
does not hold for dissimilar solvents, so that these cannot he 
regarded as simple catalysts, and the radiation theory does not 
apply in such cases. 

The radiation theory is therefore supported by these results when 
allowance is made for the special effects of solvents. The view is 
taken that reactions proceed by the formation of intermediate 
solvent-solute complexes, solvent action being a constitutive pro- 
perty by reason of the effect of the solvent on the constitution of 
the complex. 


The author again wishes to record his thanks to Mr. G. Rudd 
Thompson for providing all facilities for this work. 


69, Dock SrTrReEeEt, 
Newport, Mon. [Received, November 20th, 1920.] 


XVII.—Arylazoglyoxalinccarboxrylic Acids. 


By Rosert Georce FarGuHER. 


ARYLAZOGLYOXALINECARBOXYLIC acids have been prepared by 
Burian (Ber., 1904, 37, 696) by the interaction of sodium diazo- 
benzene-p-sulphonate and glyoxaline-4:5-dicarboxylic acid or its 
2-methyl or 2-phenyl homologues. Although the reaction involved 
the loss of carbon dioxide, he assumed the products to be J-aryl- 
azo-derivatives. Since then (T., 1919, 115, 217, 1415; 1920, 117, 
668), it has been shown that the arylazoglyoxalines are C-azo- and 
not \-azo-derivatives, and that the product of the reaction between 
sodium glyoxalinedicarboxylate and sodium diazobenzene-p- 
sulphonate is 2-p-sulphobenzeneazoglyoxaline-4 : 5-dicarboxylic acid, 
and not 1-p-sulphobenzeneazoglyoxaline-4-carboxylic acid, as stated 
by Burian. Nevertheless, combination is accompanied to some 
extent by loss of carbon dioxide, as quantitative experiments with 
both glyoxalinedicarboxylic acid and its 2-methyl derivative 
showed, and, in view of the importance of the 4-arylazoglyoxaline- 
5-carboxylic acids as intermediate compounds in the synthesis of 
the purine ring from the glyoxaline nucleus, the reaction has now 
been submitted to further examination. 
p-Bromobenzenediazonium chloride combines readily with 
2-phenylglyoxaline-4 : 5-dicarboxylic acid in sodium carbonate solu- 
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tion, one of the carboxylic acid groups being displaced by the 
arylazo-group. The same product, namely, 4-p-bromobenzeneazo- 
)-phenylglyoxaline-5-carbozylic acid, is obtained when the mono- 
carboxylic acid is substituted for the dicarboxylic acid in the 
reaction. . 

Similar results are obtained with 2-methylglyoxaline-4 : 5-dicarb- 
oxylic acid, although in this case the reaction appears to proceed 
rather more slowly. 

It had been anticipated that, as the possibilities of benzidine 
formation had been very largely excluded, the reduction of these 
compounds with cold stannous chloride solution would lead to the 
wrresponding amino-acids, and that, although subsequent trans- 
formation into the glyoxalone might be anticipated in the oase of 
the 2-methyl derivative, unless, indeed, the presence of the adjacent 
carboxylic grouping proved inhibitive, in that of the 2-phenyl 
derivative stability might reasonably be anticipated, as it had 
already been ascertained that the reduction of 4-p-bromobenzene- 
a10-2-phenylglyoxaline led to a substance which almost certainly 
possessed the constitution 5-amino-4-(2/-amino-5/-bromopheny])-2- 
phenylglyoxaline. 

This has, however, proved not to be the case. The reaction 
follows a somewhat novel and unexpected course, the second carb- 
oxylic grouping being eliminated during the process of benzidine 
formation, the acids yielding the same products as the correspond- 
ing non-carboxylated glyoxalines. 

In view of these results, it appeared to be of interest to examine 
the reduction of 2-p-bromobenzeneazoglyozaline-4 :5-dicarboxylic 
wid under similar conditions. The tendency towards benzidine 
formation is here sufficiently less pronounced to permit of the 
isolation as main product of 2-p-bromobenzenehydrazoglyozaline- 
4:5-dicarborylic acid. 

It has already been shown that glyoxalinedicarboxylic acid and 
its 2-methyl homologue are not acted on by a warm mixture of 
uitric and sulphuric acids (T., 1919, 115, 217). 2-Phenylgly- 
oxaline-4 : 5-dicarboxylic acid reacts under these conditions, but as 
the composition of the product indicated that substitution had 
taken place only in the benzene nucleus, its further examination 
has been omitted. 


ExPERIMENTAL. 


4-p-Bromobenzeneazo-2-phenylglyoxaline-5-carbozylic Acid. 


A solution of 6-8 grams of p-bromoaniline in 130 c.c. of 10 per 
ent. hydrochloric acid was diazotised with 2°88 grams of sodium 
G2 
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nitrite and added to an ice-cold solution of 9°23 grams of 2-phenyl. 
glyoxaline-4 :5-dicarboxylic acid in 400 c.c. of water containing 
67°2 grams of sodium carbonate crystals, when gradual separation 


of a deep orange precipitate took place. After five hours, this was§N 


collected. It consisted of the sodium salt of 4-p-bromobenzene. 
azo-2-phenylglyozaline-5-carboxylic acid admixed with that of the 
unchanged acid. Separation was readily effected by crystallisation 
from water containing a little sodium carbonate, the former dis. 
solving very sparingly in cold water. The corresponding acid was 
readily obtained on acidification, and was further purified by 
crystallisation from alcohol. 

4-p-Bromobenzeneazo-2-phenylglyozaline-5-carbozylic acid is in 
soluble in water and only very sparingly so in alcohol, from which 
it separates in glistening, red needles, which darken on heating 
above 160° and effervesce and decompose at 210° (corr.). It dis 
solves in sulphuric acid, with the production of an eosin-red color- 
ation (Found: C=51'6; H=3-3; N=14°8. C,,H,,0.N,Br requires 
C=516; H=3-0; N=15-1 per cent.). 

The sodium salt separates from water as a felted mass of orange 
needles containing 3H,O (Found: loss at 60° in a vacuum=12°0. 
C,,H,,O.N,BrNa,3H,O requires H,O=11°8 per cent. In dried 
material, Na=5°6. C,,H,O.N,BrNa requires Na=5°8 per cent.). 
The same product was obtained when 2-phenylglyoxaline-4-carb- 
oxylic acid was substituted for the dicarboxylic acid. 

Reduction.—Four grams of the acid were triturated with 25 cc. 
of concentrated hydrochloric acid, and gradually treated with 
14 oc. of stannous chloride solution,* the trituration being cor 
tinued until the completion of the experiment. Evolution of 
carbon dioxide quickly became evident. The insoluble stanni- 
chloride was collected, freed from tin by means of hydrogen 
sulphide, and the resulting solution evaporated to low bulk under 
diminished pressure, when separation of a crystalline hydrochloride 
took place. This was purified by recrystallisation from water cot- 
taining a little hydrochloric acid, and formed colourless needles 
melting at 255° (corr.). This was fully identified by analysis 
(Found: C=45'1; H=40; N=13°6. Calo: C=448; H=3'; 
N=13°8 per cent.), by the preparation of the triacetyl derivative 
(Found: N=12-2. Cale.: N=12-3 per cent.), and by its reactions 
(T., 1919, 115, 257) as 5-amino-4-(2/-amino-5/-bromophenyl)+ 
phenylglyoxaline (T., 1920, 117, 671). 

In an attempt to characterise and compare the two products mort 
completely, it was found that sodium acetate yielded a grey precip! 
tate, which redissolved on adding a little acetic acid and warming, 


* Prepared as described in the earlier communications. 
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[ad separated in clusters of minute needles melting at 161° (corr.). 
this proved to be the monoacetate of the base (Found: C=52°1; 
H=4'8; N=14'1. C,,;H,,N,Br,C,H,O, requires C=52-4; H=4°4; 
Y=14'4 per cent.). Ammonium oxalate yielded a grey precipitate, 
vhich darkened rapidly on warming the solution. Addition of 
«cess of sulphuric acid to the concentrated solution of the hydro- 
dloride caused, on stirring, the separation of a sparingly soluble 
is-Qsulphate, which crystallised in minute, flattened prisms. 
Ammoniacal silver nitrate was reduced in the cold. 

After separation of the above hydrochloride, no further ocrystal- 
ine material was obtained, as the solution decomposed rapidly on 
.J exposure. 

The residue, after removal of tin from the soluble stanni- 
dlorides, amounted to only 0°5 gram, and consisted mainly of 
i #ammonium chloride, although a little p-bromoaniline (0°07 gram) 
-Bvas isolated and identified by means of the acetyl derivative. 

Reduction with sodium hyposulphite in alkaline solution gave 
pbromoaniline in a yield amounting to 52 per cent. of the 
theoretical, but no other pure substance was isolated. The form- 
‘0.Mition of small quantities of a blue dye similar to that obtained 
by the reduction of nitroglyoxaline was observed. 


4-p-Bromobenzeneazo-2-methylglyoxaline-5-carborylic Acid. 


This substance was prepared in a- similar manner to the 2-phenyl 
homologue. Starting with 7°52 grams of 2-metliylglyoxaline-4:5- 
‘Biicarboxylic acid, the precipitate which formed was collected (A) 
igand the filtrate acidified with hydrochloric acid, when 2 grams of 
iM pale orange crystals were obtained. These dissolved somewhat 
aringly in alcohol, and separated in glistening, orange needles. 
The precipitate (A) was suspended in water and acidified with 
hydrochloric acid, when it gave 7 grams of an orange powder, con- 
‘B sisting of a mixture of the azo-compound and the unchanged acid. 
Separation was effected by extraction with, and crystallisation 
from, aleohol, in which the original acid is practically insoluble, 
when 5°4 grams of 2-methylglyoxalinedicarboxylic acid were 
recovered unchanged. In a later experiment, the reaction was 
allowed to proceed for several hours, but although the yield of the 
product was larger, it was much darker in colour and more difficult 
to purify. The ultimate filtrates from the recrystallisation from 
alcohol yielded a small proportion of a product approximating in 
composition to 4 :5-bis-p-bromobenzeneazo-2-methylglyoxaline, but 
owing to the ease with which resinification took place, it was not 
obtained pure. 
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4-p-Bromobenzeneazo-2-methylglyoxaline-5-carborylic acid separ- 
ates from alcohol, in which it is somewhat sparingly soluble, jn 
orange needles containing }H,O. It is very sparingly soluble in 
water, and dissolves in concentrated sulphuric acid with the pro. 
duction of an orange-red coloration. On heating, it darkens 
rapidly above 160° (Found: loss at 60° in a vacuum=3:2. 43H,0 
requires 2:8 per cent. In dried material, C=43:0; H=3+, 
N=17'8; Br=25:4. C,,H,O.N,Br requires C=42°7; H=2'9. 
N=18-1; Br=25°85 per cent.). 

Reduction.—On reduction, as described in the previous case, the 
evolution of carbon dioxide was again noticed. The insoluble 
stannichlorides, which accounted for almost the whole of the start. 
ing material, yielded 2-methyl-4-(2/-amino-5/-bromopheny])5. 
glyoxalone hydrochloride, which melted at 272° (corr.), the mix. 
ture with the reduction product of 4-p-bromobenzeneazo-2-methyl- 
glyoxaline melting at 272° in the same bath (Found: C=39-; 
H=3°9; N=13°'7. C,)H,ON,Br,HCl requires C=39°4; H=3'8; 
N=13°8 per cent.). 

The identity was further confirmed by isolation of the base and 
picrate, and by comparison of the reactions of the bases from the 
two sources, both of which gave the reactions previously described 


(T., 1920, 117, 677). 


2-p-Bromobenzeneazoglyoraline-4 :5-dicarborylic Acid. 


This was prepared in the manner already described. The pre. 
cipitate, which formed fairly rapidly, was collected after three 
hours. The filtrate, on acidification, gave a further quantity of 
the azo-compound admixed with the unchanged acid. The pre 
cipitate was boiled with water containing a little sodium carbonate, 
leaving a dark brown residue insoluble in sodium carbonate ot 
sodium hydroxide.* The extract, on acidification, gave an orange. 
red precipitate, which, after boiling with alcohol and drying, 
darkened above 200° and melted and effervesced at 250° (corr.). 
It dissolved but sparingly in alcohol, and separated in bunches of 
minute, red needles, which melted at the same temperature and 
contained 1C,H,O (Found, in air-dried material: C =40-9; H=377; 
N= 146; Br= 213; loss at 100° in a vacuum = 11%. 
C,,H,0,N,Br,C,H,O requires C=405; H=34; N= 145i; 
Br=20°75; C,H,O=12°0 per cent. In dried material: C=39:3; 
H=24. C,,H,O,N,Br requires C=38-95; H=2°1 per cent.). 

Reduction.—The reduction was carried out as in the previous 
instances. The decolorised solution from 4 grams of the azo-deriv- 


* This is possibly 2: 4: 5-tris-p-bromobenzeneazoglyoxaline. 
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.Bative, on dilution with water, gave a precipitate amounting to 
3grams. This dissolved sparingly in water, dilute acids, and the 
ysual organic solvents, but rather more readily in 50 per cent. 
acetic acid, from which it separated in clusters of minute needles. 
On heating, these darkened rapidly above 190° and effervesced at 
903° ~(corr.) (Found: loss at 100° in a vacuum = 2:9. 
(,,H,O,N,Br,}H,O requires H,O=26 per cent. In dried 
material: C=39-1, 39:0; H=3'1, 3:0; N=16'2, 16:3; Br=23°8. 
(,H,O,N,Br requires C=38'7; H=2:7; N=16-4; Br=23°4 per 
cent.). 

In aqueous solution, the following characteristic reactions were 
observed: with warm dilute hydrogen peroxide, development of a 
reddish-brown coloration; with warm ferric chloride, a turbid, 
orange solution; with warm dilute nitric acid, a bright yellow 
coloration, whilst silver nitrate and Fehling’s solution were reduced 
on warming. 

The composition and properties therefore indicate that the sub- 
stance is 2-p-bromobenzenehydrazoglyozaline-4 :5-dicarborylic acid. 

The solution remaining after precipitation of the above sub- 
stance was freed from tin and evaporated to dryness, leaving 0:7 
gram of residue. From this, by suitable means, 0°35 gram of 
p-bromoaniline was isolated and identified, whilst the residual 
solution then developed a strong odour of ammonia on warming 
with alkali. 


Nitration of 2-Phenylglyowaline-4 :5-dicarborylic Acid. 


A solution of 2 grams of the acid in a mixture of 4 c.c. of nitric 
acid (D 1:4) and 4 c.c.of sulphuric acid was heated for eight hours 
on the water-bath, then cooled, poured on ice, and the precipitated 
product crystallised from 120 parts of boiling water. It separates 
in small needles, very sparingly soluble in cold water or the usual 
organic solvents, but readily so in alkalis, with the production of 
a red coloration. On heating, the substance effervesces at 266° 
(corr.) (Found: C=47'9; H=2°6; N=15°3. C,,H,O,N; requires 
C=47'7; H=2°5; N=15-2 per cent.). 

The composition of the product therefore indicates that 
nitration has taken place only in the benzene nucleus, and that, 
as in the case of glyoxalinedicarboxylic acid and its 2-methyl homo- 
logue, there is no tendency for displacement of the carboxylic by 
the nitro-group. In view of the predominating negative character 
of the glyoxalinedicarboxylic acid substituent, the substance is in 
all probability 2-m-nitrophenylglyoxaline-4 :5-dicarborylic acid, 

The corresponding amino-acid was obtained by reduction with 
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sodium hyposulphite in alkaline solution. It dissolves readily jn 
dilute mineral acids, but very sparingly in the usual organic 
solvents, 50 per cent. acetic acid, or hot water, from which it 
separates in powdery crystals containing 2H,O. After treatment 
with nitrous acid, it develops a deep red coloration on addi- 
tion to sodium f#naphthoxide (Found: loss at 110°=124, 
C,,H,O,N;,2H,O requires H,O=12-7 per cent. In dried material; 
N=16°2. C,,H,O,N, requires N=16:2 per cent.). 


WELLCOME CHEMICAL RESEARCH LABORATORIES. 
[Received, January 14th, 1921.] 


XVIII.—The Constitution of Catechin. Part Ill, 
Synthesis of Acacatechin. 


By MAXIMILIAN NIERENSTEIN. 


In the previous communications (T., 1920, 117, 971, 1151), a 
provisional formula was suggested for catechin (I). At the same 
time, it was shown that catechin* tetramethyl ether yields on 
reduction with metallic sodium and alcohol, and subsequent methyl- 
ation (compare Kostanecki and Lampe, Ber., 1907, 40, 720), 
3:4:2/:4':6/-pentamethoxy-aa-diphenylpropane (II), which sub- 
stance may be oxidised to 3:4:2/:4/:6/-pentamethoxydiphenyl- 
acetic acid (III). It was also shown that the acyl chloride of this 
acid (III) is converted by the action of diazomethane (compare 
Clibbens and Nierenstein, T., 1915, 107, 1491) into 3:4:2/:4/:6'- 
pentamethoxydiphenylmethyl chloromethyl ketone (VI), from 
which 3:4:2/:4/:6/-pentamethoxy-aa-diphenylpropane (II) is 
obtained on reduction with metallic sodium and alcohol. 

The present communication describes the synthesis of 
2:4:6:3/:4!-pentahydroxy-3-phenylchroman (1). This was carried 
out according to the following scheme: 3:4:2/:4!:6/-pentameth- 
oxydiphenylmethyl chloromethyl ketone (VI) was converted into 
4:6:3/:4/-tetramethory-3-phenylchroman-2-one (V), which was 
reduced to 2-hydroxy-4:6:3!:4!'-tetramethozry-3-phenylchroman 


* The catechin used was obtained from Merck at Darmstadt in 1911 and 
1920., After purification both preparations melted at 175—177°, which is the 
melting point given by A. G. Perkin and Yoshitake (T., 1902, 81, 1163, 1173) 
for catechin from gambier. 


\[BRENSTEIN : THE CONSTITUTION OF CATECHIN. PARtT Ii. 165 


(IV). The latter product yielded on demethylation 2:4:6:3/:4/- 
we -phenylchroman (I). 
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On methylation, 2:4:6:3/ : 4/-pentahydroxy-3-phenylchroman 
(I) yields the original 2-hydroxy-4 : 6: 3/ : 4/-tetramethoxy-3-phenyl- 


20), B chroman (IV). Both the latter product (IV) and 4:6:3/:4’-tetra- 
a methoxy-3-phenylchroman-2-one (V) give, on reduction with 
ayt metallic sodium and alcohol, and subsequent methylation, 
te 3:4:2/:4!:6/-pentamethoxy-aa-diphenylpropane (II), which is in 
ae every respect identical with Kostanecki and Lampe’s (loc. cit.) 
methylated reduction product from Merck’s catechin. 
ie 2:4:6:3/:4/-Pentahydroxy-3-phenylchroman (I) is in every 
” respect identical with acacatechin, which occurs in Acacia catechu 
(A. G. Perkin and Yoshitake, T., 1902, 81, 1169; Perkin, T., 
a 1905, 87, 398). The identity of these two substances is evident 
nd from the following comparative summary of melting points and 
wd from the fact that there is no depression in the melting points of 
- the respective synthetic products when mixed with acacatechin and 
ees its penta-acetyl and pentabenzoyl derivatives, kindly sent by 
™ Professor A. G. Perkin. 
nd 2:4:6:3/:4/-Pentahydroxy-3-phenylchroman sinters at 140°, 
he resolidifies at about 180° on slowly raising the temperature, and 
73) melts and decomposes at 204—205°. 


q* 
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Acacatechin sinters at about 140°, resolidifies on slowly raising 
the temperature, and melts and decomposes at 204—205° (Perkin 
and Yoshitake, Joc. cit., p. 1169). 

2:4:6:3/:4'-Penta-acetoxy-3-phenylchroman sinters at about 
130°, and melts and decomposes at 158—160°. 

Penta-acetylacacatechin melts at 158~—159° (Perkin, loc. cit., 
p. 399). 

2:4:6:3/:4/-Pentabenzoyl-3-phenylechroman melts at 181—183°, 

Pentabenzoylacacatechin melts at 181—183° (Perkin and 
Yoshitake, Joc, cit., p. 1171). 

2-Hydroxy-4 : 6 :3/:4/-tetramethoxy-3-phenylchroman melts at 
152—153°. 

Acacatechin tetramethyl ether melts at 152—-154° (Perkin, loc. 
ceit., p. 400). 

2-Acetoxy-4 : 6 :3/:4’-tetramethoxy-3-phenylchroman melts at 
136—137°. 

Monoacetylacacatechin tetramethyl ether melts at 135—137° 
(Perkin, Joc. cit., p. 400). 

When fused with alkali, 2:4:6:3/:4/-pentahydroxy-3-phenyl- 
chroman (I) gives phloroglucinol and protocatechuic acid. It has, 
however, not been possible to identify acetic acid, which is also 
formed when acacatechin is fused (Perkin and Yoshitake, Jor. cit., 
p- 1170). This is probably due to the small amount of material 
(2°3 grams) which was used. 


Ex PERIMENTAL. 
4:6:3/:4/-Tetramethoxry-3-phenylchroman-2-one (V). 


This substance may be prepared according to either of the 
following methods: 

(a) A suspension of 5 grams of 3:4:2/:4/:6/-pentamethoxydi- 
phenylmethyl chloromethyl ketone (VI) in 50 c.c. of water is 
vigorously heated for thirty-two hours with 20 grams of sodium 
hydrogen carbonate. The cold solution is filtered and acidified 
with dilute hydrochloric acid, when a bulky, white precipitate is 
formed. The w-hydroxy-3:4:2!':4!:6/-pentamethory-aa-diphenyl- 
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propane-B-one (VII) thus formed crystallises from dilute alcohol 
in small, prismatic needles, which melt and decompose at 
121—122°. It is soluble in the usual organic solvents, with the 
exception of light petroleum. The yield is 71 per cent. of the 
theoretical (Found*: C=63:°8; H=6'3. CHO, requires 
(=63°8; H=6°4 per cent.). 

w-Hydroxy-3 : 4 : 2’ : 4’: 6/-pentamethoxy-aa-diphenylpropane-f- 
me (VII) is converted into 4:6:3/:4/-tetramethoxy-3-phenyl- 
chroman-2-one (V) by dissolving 5 grams in 50 cc. of acetic 
auhydride and heating for eight hours on a water-bath with 25 c.c. 
of a solution of 4°32 grams (1 mol.) of acetyl chloride in 100 c.c. 
of acetic anhydride. After reducing the volume to about 50 c.c., 
water is added, and the precipitate collected and warmed with a 
jilute solution of sodium hydroxide. The solid remaining is 
filtered off and freed from alkali. It crystallises from absolute 
alcohol in small, pointed needles melting at 146—147°. The pro- 
juct is soluble in the usual organic solvents. The yield is 51 per 
ent, of the theoretical (Found;: C=66:1; H=5°7. CygH yO, 
requires C=66°3; H=5'8 per cent.). 

(6) To a solution of 5 grams of 3:4:2/:4/:6/-pentamethoxy- 
diphenylmethyl chloromethyl ketone (VI) in 75 c.c. of dry benzene 
isadded 0-1 to 0°3 gram of aluminium chloride, and the solution 
heated on a water-bath for twelve to sixteen hours. The solid left 
m evaporation of the benzene is purified by dissolving in 50 c.c. 
of 80 per cent. alcohol, filtering, and adding 300 c.c. of water to 
the filtrate. The precipitate thus obtained crystallises from 
absolute alcohol: in small, pointed needles, which melt at 146—147°. 
The melting point of a mixture with the substance prepared accord- 
ing to the previous method shows no depression. The average yield 
of six preparations is 86 per cent. of the theoretical ‘(Found {+ : 
(=662; H=5°6. Cale.: C=66°3; H=5-8 per cent.). 

When condensed with phenylhydrazine in acetic acid solution, 
the phenylhydrazone, CygHO;-N.HPh, is obtained. It crystallises 
irom acetic acid in yellow needles, which melt and decompose at 
36—239° (Found: N=6'5. C,;H,O;N, requires N=6-4 per 
cent.), 

On reduction with metallic sodium and alcohol, and subsequent 
nethylation with diazomethane, 2 grams of 4:6:3/:4/-tetrameth- 
nxy-3-phenylchroman-2-one (V) gave 1°7 grams of 3:4:2/:4/:6/- 
pentamethoxy-aa-diphenylpropane (II), which melted at 83—84°. 
This melting point was not depressed when the substance was mixed 
with (1) the same substance obtained from catechin tetramethyl 
ther, and (2) the synthetically prepared product (loc. cit., p. 1153). 


* Dried at 100° + Dried at 110°. 
a* 2 
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2-Hydroxy-4 : 6 : 3! :4'-tetramethoxry-3-phenylchroman (IV). 


Three grams of 4:6:3/:4/-tetramethoxy-3-phenylchroman (Vy) 
dried at 100° are dissolved in 75 c.c. of acetic anhydride and heated 
in a boiling-water bath for five hours with 20 grams of zine dust 
dried at 100°. The filtered solution is diluted with water, and the 
precipitate collected after twenty-four hours. The crude produet 
is dissolved in 70 c.c. of alcohol and heated for several hours with 
20 c.c. of a 20 per cent. solution of sulphuric acid. The product 
is again precipitated with water and treated in the cold with a 
10 per cent. solution of sodium hydroxide, when nearly all the 
solid dissolves. The filtered alkaline solution is acidified with 
dilute sulphuric acid, and the precipitate crystallised from alcohol 
with the aid of animal charcoal. The average yield of five prepar- 
ations is 62 per cent. of the theoretical. This substance melts at 
152—153°, which is the melting point (152—154°) given for 
acacatechin tetramethyl ether (Found*: C=65°8; H=6°6. Cale: 
C=65°9; H=6-4 per cent.). It differs, however, in one respect 
from Perkin’s acacatechin tetramethyl ether in that it does not 
give the indigo-blue coloration with acetic and nitric acids observed 
by him for his product (loc. cit., p. 400). Since this difference 
might be due to the formation of an isomeric tetramethyl] ether 
during direct methylation of acacatechin, 2 grams of 2:4:6:3/:4- 
pentahydroxy-3-phenylchroman (I) were methylated with methy! 
sulphate according to Perkin’s method. The tetramethyl ether 
obtained in this way melted at 152—153°, and gave Perkin’s indigo- 
blue coloration. Several mixed melting points of these two tetra- 
methyl ethers gave somewhat doubtful depressions of 1°5—2°, but 
it was found that both yielded on acetylation identical mono- 
acetyl derivatives (m. p. 136—137°), which showed not the slightest 
depression when their mixed melting point was taken (Found}: 
C=64:7; H=64. Cale.: C=65°0; H=6-2 per cent.). It i 
difficult to see why the two tetramethyl ethers should show this 
difference, unless Perkin’s colour reaction is due to a trace of 
another substance. 

Ferric chloride produces a violet coloration if added to 4 
suspension of either 2-hydroxy-4:6:3/:4/-tetramethoxy-3-pheny! 
chroman (IV) or 4:6:3/:4’-tetramethoxy-3-phenylchroman-2-one 
(V) in concentrated sulphuric acid. This is due to the 3-pheny! 
chroman nucleus (compare Greenwood and Nierenstein, T., 1920, 
117, 1594), and not to the coumaran nucleus, as assumed by 
Kostanecki and Lampe (Ber., 1906, 39, 4007). On reduction with 


* Dried at 110°. t Dried at 100°. 
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metallic sodium and alcohol, and subsequent methylation with 
diazomethane, 3 grams of 2-hydroxy-4:6:3/:4/-tetramethoxy-3- 


) phenylchroman ([V) gave 1°9 grams of 3:4:2/:4/:6/-pentameth- 
1 (V) oxy-aa-diphenylpropane (II), which melted at 83—84°. This 
Leated § melting point was not depressed by admixture with other prepar- 
> dust f ations of this substance. 
id the 
‘oduet 2:4:6:3/:4'-Pentahydrozry-3-phenylchroman (1). 
de Four grams” of 2-hydroxy-4 :6:3/:4/-tetramethoxy-3-phenyl- 
ith chroman (IV) dissolved in 70 c.c. of glacial acetic acid are heated 
l the @ 130° in a sealed tube for six hours with 4 grams of acetyl 
with chloride.* After opening the tube, the content is at first heated 
coho] q !or several hours with 50 c.c. of a 10 per cent. solution of sulphuric 
“ear. acid, hydrogen being passed through continuously. The solution 
Its at 8 then concentrated to about 10 c.c. in an atmosphere of hydrogen, 
_. diluted with 170 e.c. of water, neutralised with solid barium 
tale carbonate, filtered, and extracted several times with ethyl acetate. 
spect The residue left on evaporation of the ethyl acetate, dried over 
s not | @hydrous sodium sulphate, is purified according to Perkin and 
orved q Yoshitake’s method (loc. cit., p. 1163) by crystallising it at first 
rence {rom 25 per cent. alcohol, and subsequently dissolving in boiling 
ether @ ethyl acetate and benzene, from which mixture it separates, with 
7.4). the aid of animal charcoal, in wart-like clusters consisting of small, 
ethvi q Pointed needles. The average yield of four preparations is 78 per 
other y cent. of the theoretical. 
digo. 2:4:6:3/:4/-Pentahydroxy-3-phenylchroman (I) is in_ every 
etra@ Tespect identical with acacatechin (Found}: C=61°9. 62°0; 
but) H=4°9, 5°0. Cale.: C=62'1; H=4°8 per cent.). It crystallises, 
om like acacatechin, from distilled water with 3H,O (Found +: H,O= 
htes @ 15°8. Cale.: H,O=15°7 per cent.), and gives all the colour reac- 
d+: [§ tions of catechin, including the phloroglucinol test with pine-wood 
It is 22d hydrochloric acid (compare Perkin and Yoshitake, Joc. cit., 
this P. 1172; Perkin, loc. cit., p. 405). 
e off Both the penta-acetyl derivative (Found}: C=60-1; H=5-2. 
Cale.: C=60°0; H=4:8 per cent.) and the pentabenzoyl derivative 
o ay (Found }: C=73-9; H=4°6. Cale.: C=74-1; H=4'2 per cent.) 
ony Were prepared according to Perkin’s method (Joc. cit., p. 399) and 
-one * All attempts to demethylate both 2-hydroxy-4 : 6 : 3’ : 4’-tetramethoxy-3- 
any: Phenylchroman (IV) and catechin tetramethyl ether (m. p. 144—-146°) from 
990, Merck’s catechin with hydriodic acid have resulted in the production of 
| by amorphous substances. Acetyl chloride also gave good results in the case of 
_. ff °aechin tetramethyl ether. Thus 5 grams of this substance gave 3-8 grams 
with BF of catechin, which melted correctly at 175—-177°. 


t Dried at 160°. t Dried at 100°. 
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Perkin and Yoshitake’s method (loc. cit., p. 1171) respectively 
They proved in every respect identical with the corresponding 
derivatives of acacatechin. 


The author’s thanks are due to Professor A. G. Perkin for the 
specimens of acacatechin, penta-acetylacacatechin, and penta. 
benzoylacacatechin used in this investigation. He also thanks the 
Colston Society of the University of Bristol for a grant which has 
covered the expenses of this research. 
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XIX.—Influence of Colloids on the Rate of Reaction 
Involving Gases. Part I. Decomposition of 
Hydroxylamine in the Presence of Colloidal 
Platinum. 


By ALEXANDER FinpLay and WILLIAM THomMAS. 


Ir has been shown by Findlay and King (T., 1913, 108, 117); 
1914, 105, 1297) that the rate of escape of gas from a super 
saturated solution is influenced, in some cases greatly, by the 
presence of colloids. The influence is a specific one, and is greatly 
affected by changes in the nature of the colloid. 

It was thought that it would be of interest to study the general 
problem along a different line, and to ascertain the influence oi 
colloids on the velocity of a reaction in which a gas is evolved. By 
such means, it was hoped, information might be obtained which 
would throw light on the way in which the colloid acts in retardin 
or accelerating the evolution of gas from a supersaturated solutiot. 
So far as we are aware, no investigation along this line has hitherto 
been carried out, although Reformatsky (Zeitsch. physikal. Chem, 
1891, 7, 34) studied the velocity of the acid catalysis of methy! 
acetate in the presence of agar-agar, and found it, as was to be 
expected, unaffected by the presence of the colloid. It was ow 
intention to study a series of reactions in which gas is evolved bot! 
from homogeneous systems (decomposition of diazonium salts, fo 
example) and from heterogeneous systems in the presence of 
catalyst, such as colloidal platinum, enzymes, etc. Unfortunately, 
the carrying out of our plan was interfered with by the war, and 


Lad 
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we have been able to make only a preliminary study of one reac- 
tin belonging to the second group of reactions mentioned above. 
As it may be some time before we are in a position to resume and 
complete the proposed investigations, it is thought advisable to 


for the make now a short report on the work so far accomplished. 

ape The reaction first chosen for investigation was the decomposition 
; . ba of hydroxylamine hydrochloride in alkaline solution in the presence 
ic as 


of colloidal platinum, a reaction which had been studied to some 
extent by Tanatar (Zeitsch. physikal. Chem., 1902, 40, 475). In 
alkaline solution, hydroxylamine decomposes, for the most part, 
according to the equation 3NH,-OH = NH,+N,.+3H,0, but about 
ive volumes per cent. of the gas evolved is nitrous oxide, which is 
formed in accordance with the equation 
4NH,"OH = 2NH,+ N,0+ 3H,0. 

In the presence of platinum-black as catalyst, the evolved gas 
consists mainly of nitrous oxide, but a certain amount of nitrogen 
isalso present. 

The colloids or semi-colloids, the influence of which on the rate 
of decomposition of hydroxylamine was studied, were dextrin, 
starch, gelatin, peptone, and ferric hydroxide (see Findlay and 
King, Joc. cit.). The colloidal platinum sol was prepared by 
Bredig’s method, and the sol concentrated by evaporation in a 
platinum vessel until it had a concentration of 15—-16 milligrams 
per 100 c.c. The same concentration of platinum sol was employed 
throughout a given series of experiments. The temperature at 
which the reaction was carried out was 30°6°, and the reaction 
mixture was agitated by a stirrer driven at a uniform rate and 
passing through a mercury seal in the stopper of the reaction tube. 
The gas evolved was collected in a water-jacketed burette filled with 
a saturated solution of sodium chloride, in which nitrous oxide is 
soluble only to a negligible extent. 

As a result of preliminary experiments, the reaction mixture was 
chosen as follows: 100 c.c. of platinum sol, 1 gram of hydroxyl- 
amine hydrochloride, and 10 c.c. of sodium hydroxide solution 
containing 60 grams of the solid in 100 c.c. of water. The experi- 
mental conditions were alike in all cases. The hydroxylamine 
hydrochloride and the added colloid, if any, were dissolved in the 
platinum sol, and the reaction tube containing this solution was 
placed in the thermostat. The stirrer was then put in motion, 
and, when a constant rate of stirring was attained, the alkali solu- 
tion, which had been maintained at the temperature of the bath, 
was added. After the addition of the alkali, two minutes were 
allowed to elapse while the necessary connexions were being made, 
and readings of the volume of gas evolved were then made at 
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intervals of one minute. To test the apparatus and method of 
working, a number of experiments were carried out with the above 
reaction mixture without added colloid. The results obtained were 
in practically perfect concordance, as is shown in table I. (To 
economise space, we have given only the volumes of gas evolved at 
intervals of five minutes in two of the experiments carried out.) 
In tables II—VI are given, in similar form, the results obtained 
when to the above reaction mixture the various colloids mentioned 
above were added. In order that the influence of the addition of 
colloids may be more readily grasped, some of the experimental 
results are represented graphically in the accompanying diagram 


(p. 174). 


TABLE [. 


Simple Reaction Mirture without Added Colloid. 


Volume of gas evolved in c.c. 


Time 
(mins. ). I. 

1 0-30 

5 2-25 

10 6-50 
15 12-25 
20 19-00 
25 25°25 
30 30°75 
35 35-55 


40 40-33 


TABLE IT. 


Colloid Added: Dextrin. 


Kahlbaum’s purest dextrin was employed. An exact weight oi 
the dextrin was dissolved in the platinum sol. 


Volume of gas evolved in c.c. 


Time 1 per cent. 2 per cent. 3 per cent. 
(mins.). solution. solution. solution. 

1 0°35 “{ 0-30 

5 2-30 . 1-50 
10 5-70 2 3-00 
15 10-10 . 4-75 
20 14-75 f 6-50 
25 19-50 2: 8-75 
30 24-30 5- 11-50 
35 28°50 , 13-75 
40 31-75 ° 15-20 
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id of Taste IIT. 
bove Colloid Added: Starch. 
7 Kahlbaum’s pure soluble starch was employed. 
‘ - . Volume of gas evolved in c.c. 

a pe A s 
out.) Time 1 per cent. 2 per cent. 3 per cent. 
rei (mins.). solution. solution. solution. 
uned 0-30 0-25 0-20 
oned 5 2-25 2-00 1-75 
mye 6-00 5-20 4-25 

10-80 9-25 7-70 

ental : 16-50 14-00 11-70 


22-25 19-30 16-20 
27-75 24-50 21-00 
32-20 28-80 25-00 
37-60 32-50 28-00 


gram 


TaBLE LV. 
Colloid Added: Gelatin. 
French gelatin free from salts was employed. 


Volume of gas evolved in c.c. 


Time 1 per cent. 3 per cent. 5 per cent. 
(mins.). solution. solution. solution. 

0-80 

4-00 

7°30 
10-00 
12-25 
13-80 
15-00 
15-70 
16-25 


TABLE V. 
Colloid Added: Peptone. 
Solution A.—The peptone was dissolved in the platinum sol, as 
in the case of the other colloids. 


Solution B.—The peptone was dissolved in the alkali, and the 


platinum sol added. 
Volume of gas evolved in c.c. 


- = 


A, B. 


A 


Time 0:25 percent. 0-1 percent. 0-25 per cent. 
(mins.). solution, solution. solution. 
0-20 , 0-10 
° 0-50 


$33 


4-50 

Platinum coagulated 

and evolution of gas 
practically ceased. 
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TaBLeE VI. 
Colloid Added: Ferric Hydroxide. 


The ferric hydroxide sol was prepared by the method of A. A. 
Noyes (J. Amer. Chem. Soc., 1905, 37, 94). Concentration, 3:05 
per cent. 


Time Volume of gas Time Volume of gas 


(mins.). in c.c, (mins.). in ¢.c, 
0-40 25 25°00 
3°25 : 36-00 
7-50 K 33°50 
13-50 36°43 
19-70 


Volume in c.c. 


10 15 
Time in minutes. 


1. Nocolloid added. 2. 3°05 per cent. ferric hydroxide. 3. 3 per cent 
starch, 4. 3 per cent. gelatin. 5. 0°25 per cent. peptone (series B) 
6. 0°25 per cent. peptone (series A). 


Although it is not possible at the present stage of the work 
adequately to discuss the effect of colloids on the rate of reactions 
involving the evolution of gases, there are one or two points to 
which attention may be directed. 

On examining the results obtained, it will be observed that, apart 
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from the initial stages of the reaction, the effect of added colloids 
is, in all cases, to retard the rate of reaction as measured by the 
volume of gas evolved in a given time. This influence of colloids 
may find an explanation in two different directions. In the first 
place, one will be inclined to assign the behaviour to an interfer- 
ence by the added colloid with the catalytic activity of the colloidal 
platinum. An extreme case of this is found in the experiment 
with peptone, series A, where, owing to the inadequate “ protec- 
tion” of the platinum by the peptone, coagulation of the catalyst 
occurred, and the platinum became practically inactive. From this 
fact, one might conclude that the varying influence of different 
colloids in retarding the reaction investigated is due to a difference 
in the “‘ protective’ power of the added colloids on the platinum 
sol, and to a consequent variation of the extent to which the 
particles of the platinum catalyst increase in size or aggregate 
together. Although no actual coagulation of the platinum was 
observed, except in the case already mentioned, there is, of course, 
considerable room for variation in the size of particles within the 
limits of the colloidal state. If we take the protective power of 
colloids towards platinum sols as being represented, qualitatively 
at least, by the “gold numbers” of the colloids, we should expect 
that, of the three colloids, gelatin, dextrin and starch, gelatin (being 
the most efficient as a protective colloid) should cause a smaller 
retardation of the reaction than dextrin, and dextrin a smaller 
retardation than starch. Apart, however, from the initial stages 
of the reaction, we find the order reversed. The behaviour of 
peptone, it is true, would agree with the view that the varying 
influence of colloids is due to variation in their protective power, 
because the peptone employed, consisting as it did largely of 
albumoses, has a very feebly protective power, and, indeed, as Zunz 
(Arch. int. Physiol., 1907, 5, III, 245) has shown, secondary 
albumose has slight coagulating power. It must, however, be borne 
in mind that the protective action of colloids is a specific one in 
reference to the material protected, and we may be wrong in assum- 
ing the order of protective action to be the same for platinum as 
for gold, but in default of fuller knowledge on this point, we must 
conclude that variation in the size of the platinum particles is 
probably not the main cause of the retarding influence of colloids 
on the reaction under investigation. 

A second view which might be taken is that the retarding 
influence of colloids is due to a contamination of the surface of the 
platinum particles by adsorption of the added colloid, and to the 
molecules of the hydroxylamine being thereby prevented from 
getting access to the platinum catalyst. The literature of “con- 
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tact catalysis’ contains many examples of “ poisoning” which May 
be explained in this way. Thus Bodenstein (Zeitsch. physikal, 
Chem., 1903, 46, 730) found that traces of grease diminished the 
rate at which platinum accelerates the union of hydrogen anq 
oxygen to form water (see also Bancroft, J. Physical Chem., 1917, 
21, 734). As the protective power of a colloid is probably closely 
related to the extent to which it is adsorbed, the second explan- 
ation leads us practically only to the same point as we reached 
with the help of the former explanation. In either case, however, 
the behaviour of ferric hydroxide would seem to be anomalous, 
The electric charge on colloidal ferric hydroxide is opposite in sign 
to that on colloidal platinum, and complete adsorption of the 
platinum by the ferric hydroxide no doubt takes place. Yet ferric 
hydroxide has the least influence of all the colloids studied on the 
rate of evolution of gas in the reaction under consideration. It 
may be that ferric hydroxide is itself a weak positive catalyst for 
the reaction, but this point has so far not been examined. 
Whatever may be the importance of the adsorption of colloid by 
the platinum catalyst as a factor in retarding the catalytic decom. 
position of hydroxylamine, as measured by the gas evolved, we 
cannot ignore the fact, already established by Findlay and King 
(loc, cit.), that colloids exercise a very marked and individual 
action on the velocity with which gases are evolved from solution 
under conditions where no explanation on the lines of the sugges- 
tions already made can be offered. In the present case, therefore, 
we believe that this specific action of colloids on reactions involving 
the evolution of gases must also be a factor, the importance of 
which, however, it is not yet possible to decide. Although a con- 
parison of our results with those obtained by Findlay and King 
seems to indicate the existence of certain analogies, one has to bear 
in mind that the processes investigated are not quite comparable. 
The influence of a colloid on the escape of gas from supersaturated 
solution is doubtless related in some way to the influence of the 
colloid on the rate of evolution of a gas from a reaction mixture 
in which the gas is formed, but the connexion between the two 
cases is not very clear. We must therefore wait until we are able 
to investigate the influence of colloids on a reaction which takes 
place in a homogeneous system and in the absence of a solid 
catalyst. This investigation will be begun as soon as possible. 


CHEMISTRY DEPARTMENT, 
UNIVERSITY OF ABERDEEN. [Received, December 28th, 1920.] 
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ed the 

n and XX.—Dihydroxynaphthaldehydes. 

1917, 

slosely By Gitpert T. Morcan and Dubey CLoere VINING. 

<plan- tye ten dihydroxynaphthalenes have been submitted to the 


hydrogen cyanide synthesis for aldehydes, with the result that each 
of these isomerides has been found to condense with one molecular 
proportion of the reagent. In this condensation, the dihydroxy- 
naphthalenes display greater reactivity than the three dihydroxy- 
benzenes, only one of which, namely, resorcinol, undergoes the 
Gattermann condensation. 

3:4-Dihydrozy-|1-naphthaldehyde was obtained from 1: 2-dihydr- 
oxynaphthalene, hydrogen cyanide, and hydrogen chloride in the 
presence of anhydrous zine chloride. There was distinct evidence 
of steric hindrance, which was not overcome by using aluminium 
chloride as catalyst. In either case, a considerable proportion of 
wchanged dihydroxynaphthalene was recovered. It is noteworthy 
that in the case of the other o-dihydroxy-derivative, namely, 
):3-dihydroxynaphthalene, there was no sign of this inhibition, 
the condensation proceeding to completion, with the production of 
2:3-dihydroxy-1-naphthaldehyde. 

1:3-Dihydroxynaphthalene (naphtharesorcinol) also condenses 
readily, yielding 2:4-dihydroxy-l-naphthaldehyde, whereas in the 
case of 1 :4-dihydroxynaphthalene, steric hindrance is again mani- 
fested, a large proportion of the dihydroxy-derivative remaining 
unchanged, even after prolonged treatment. 

Three of the heteronucleal dihydroxynaphthalenes had been 
condensed in this way by Gattermann (Annalen, 1907, 357, 341), 
but his observations appear to be of a preliminary character, and 
we have been able to confirm the results only in one of these three 
cases. In accordance with the earlier experiments, we find that 
2:6-dihydroxy-l-naphthaldehyde from 2:6-dihydroxynaphthalene 
has properties agreeing with those described for the substance by 
Gattermann (Joc. cit.), but, on the contrary, 2:7-dihydrozxy-1- 
naphthaldehyde from purified 2:7-dihydroxynaphthalene is 
readily obtained anhydrous, and melts at 159°5—160°5°, whereas 
the product obtained by Gattermann was stated to contain water 
(1H,O) and to decompose at 210—215°. 

4:8-Dihydroxy-1-naphthaldehyde, from 1 : 5-dihydroxy- 
naphthalene, formerly stated to melt at 195—215° (loc. cit.), 
blackens only at 280°, and does not melt below 300° provided that 
it is obtained free from 4-hydroxy-l-naphthaldehyde. This 
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impurity arises from the a-naphthol often. present in commercial slowly, 
1 :5-dihydroxynaphthalene. _ 

4:5-Dihydroxy-1-naphthaldehyde is the main product of the cy 
hydrogen cyanide condensation with 1 :8-dihydroxynaphthalene, a, 4 
but there is indication of a small amount of aldehydic by-product, y ne 
which may possibly contain an ortho-aldehydic group. op 


The two heteronucleal a8-dihydroxynaphthalenes give rise to two 
pairs of isomeric dihydroxynaphthaldehydes. 1:6-Dihydroxy. } 
naphthalene condenses smoothly to 4:7-dihydroxy-1-naphth- 
aldehyde as main product (yield 60—70 per cent.), and to 2:5-di. 
hydroxy-\-naphthaldehyde (12—20 per cent.). 1 : 7-Dihydroxy- 
naphthalene reacts completely, giving 4:6-dihydroxy-1-naphth- 
aldehyde and 2: 8-dihydrory-|-naphthaldehyde, the former 


the hot 


isomeride being produced in somewhat larger proportion. The 

The aldehydes having their aldehydic groups in ortho-positions yellow 
to hydroxyl are easily obtained crystalline, and condense with <b 
aniline, yielding yellow to orange dihydroxynaphthylideneanilines t bec 
(Schiff bases), excepting the Schiff base from 1 :4-dihydroxy-2- waphth 
naphthaldehyde, which is red. The p-hydroxyaldehydes of this * fre 
series are less orystallisable, and give rise to red Schiff bases. Both viling 

D 


o- and p-aldehydes furnish characteristic »-bromophenylhydr- 
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(1) Dihydroxynaphthaldehydes.—Anhydrous zine chloride (10 
grams), freshly prepared by acting on molten zine with chlorine, was 
added to pure dry ether (50 c.c.) in a closed vessel and left until 
dissolved, the dihydroxynaphthalene (10 grams) and anhydrous 
hydrocyanic acid (8 c.c.) were then added, and a rapid stream of 
dry hydrogen chloride was passed into the ethereal solution, con- 
tained in a vessel fitted with inlet tube, mechanical stirrer, and 
reflux condenser. At first the reagents were cooled to 0°, but sub- 3. 4. 
sequently the vessel was allowed to acquire the ordinary tempera- , 
ture of the laboratory. The solution gradually assumed a yellow 
colour, and the intermediate product, an aldimine hydrochloride, ( | 

, : alc 
separated, usually as a yellow or brown oil. After removing the 
supernatant ether and washing the product with this solvent, the Dike 
aldimine hydrochloride was dissolved in cold water (200 ¢.c.), and f, 
the solution warmed, when the sparingly soluble dihydroxynaphth- mo 
aldehyde separated. ! t 

(2) p-Bromophenylhydrazones of the Dihydroxynaphthaldehydes, Dih 
C,H,Br-NH:N:CH:C,,H;(OH)..—The dihydroxynaphthaldehyde 
(0-5 gram), dissolved in the minimum amount of alcohol, was added 
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Jowly, with stirring, to a solution of p-bromophenylhydrazine (0°5 
gram) in 10 per cent. acetic acid (50 c.c.), when the yellow p-bromo- 
phenylhydrazone was forthwith precipitated. 

(3) Dihydroxynaphthylideneanilines, CgH,*-N:CH-C,,H;(OH),..— 
Dihydroxynaphthaldehyde (0-5 gram) and aniline (0°25 gram) were 
warmed on the water-bath in alcoholic solution for fifteen minutes, 
when the condensation product separated either immediately from 
bi. hot solution or on cooling. 


OH 
, /\N/oH 
3:4-Dihydroxy-\-naphthaldehyde,| | 2 R 
in 
CHO 
The aldimine hydrochloride, separating after three hours as a 
yellow oil, was dissolved in water, the solution filtered from a dark 
brown, viscid oil, and the filtrate heated to the boiling point, when 
it became cloudy and much paler in colour. 3:4-Dihydroxy-1- 
yaphthaldehyde was precipitated as a yellow, amorphous solid, and 
vas freed from a dark brown, flocculent impurity (m. p. 190—200°) 

y washing with benzene. A further amount was obtained by 
oiling the foregoing oil with the aqueous filtrate. It crystallised 
vith difficulty, but was obtained by slow evaporation from ether— 
petrolem solution in clusters of minute, pale yellow needles, 
larger crystals having a brown colour. It melted at 178—180° 
Found: C=70°09; H=4°'54 per cent.). The benzene washings 
from the crude naphthaldehyde contained unaltered 1 :2-dihydr- 
pxynaphthalene ; the yield of 3:4-dihydroxy-l-naphthaldehyde was 
only 21 per cent., and this was further diminished during crystal- 
lisation by the formation of a dark, resinous product. 

The p-bromophenylhydrazone, crystallising in yellow needles 
from alcohol with difficulty, owing to the formation of brown 
esinous matter, melted at 137—138° (Found: Br=22°72 per 
ent.). 

3:4-Dihydroxynaphthylideneaniline separated in deep red 
needles with a green reflex; it melted at 200—202° (Found: 
'=5'44 per cent.). 

Calculated percentages required in the comparison of the fore- 
boing and the following analytical data: 
Dihydroxynaphthaldehydes: C,,H,O, requires C=70°19; 
H=4°29 per cent. 
p-Bromophenylhydrazones: C,;H,,0,N,Br requires Br = 22°38 per 
ent. 

Dihydroxynaphthylideneanilines: C,,H,,0,.N requires N=5-32 
per cent. 
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OH 


; A\7 
2:4-Dihydroxy-\-naphthaldehyde, | | OH: 
i 
CHO 


The condensation reached completion within two hours, the 
separation of the brown, oily aldimine hydrochloride occurring 
after twenty minutes. This intermediate product dissolved in 200 
parts of water to a brown solution, from the filtrate of which the 
crude aldehyde separated on warming. Crystallisation from water 
or dilute alcohol yielded 2:4-dihydrory-l-naphthaldehyde in 
pinkish-brown needles; from alcohol it separated in purplish f° 
brown, acicular prisms, and from benzene—petroleum in almost 
colourless needles. The various fractions had the same streak on 
powdering, and melted at 214° (Found: C=69°66; H=4:20 per 
cent.). It was found difficult to free 2:4-dihydroxy-1-naphth- 
aldehyde from a brown impurity, which was, however, less soluble 
than the aldehyde in water. This aldehyde is somewhat more 
soluble than its isomerides in water, alcohol, or benzene ; the yield 
of purified compound was 42 per cent. of the theoretical. 

The p-bromophenylhydrazone, obtained with difficulty in crystal ff) 
line form, separated from dilute alcohol in yellow needles melting 
at 165°5—166°5° (Found: Br=22-06 per cent.). 

2 : 4-Dihydrozxy-\-naphthylideneaniline formed lemon-yellow 
needles, changing to red at 245° and melting at 252° (Found: 
N =5'58 per cent.). 


OH 


| aie 
1:4-Dihydroxy-2-naphthaldehyde,| | | : 
\ 


ANZ 
OH 


After thirty minutes, the ethereal solution assumed a pale yellov 
tint, and an almost black, viscid oil slowly separated during tw 
hours. Water (200 c.c.) was added to the oil, when a brow 
solution was obtained, together with a brown, insoluble residut 
consisting of impure 1:4-dihydroxynaphthalene. From the filtrate 
heated to boiling a brownish-yellow, crystalline aldehyde separated, 
which, when recrystallised from hot dilute alcohol or boiling wate, 
was obtained in silky, greenish-yellow, felted needles melting #! 
188—190° (darkening at 160—170°) (Found: C=69-42; H=4% 
per cent.). 

The yield of 1:4-dihydroxy-2-naphthaldehyde, which was onl) 
13-0 per cent. of the calculated amount, was not improved by pit 
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longing the reaction for five hours, this alteration leading to an 
increase in the quantity of coloured impurity. 

The p-bromophenylhydrazone, a greenish-yellow product crystal- 
lising from aqueous alcohol or dilute acetic acid in dark green 
ales giving a greenish-yellow streak, decomposed without melting 
at 214° (Found: Br=22°77 per cent.). 

This hydrazone differed markedly from its isomerides, especially 
in giving rise to intense bluish-red solutions, which became bluer 
on dilution. 

1:4-Dihydrory-2-naphthylideneaniline crystallised readily from 
alcohol in dark red, feathery needles melting at 184—-185° (Found: 
N=4'88 per cent.). 


CHO 
2 :3-Dihydrory-1-naphthaldehyde, | | lon ‘ 
ae 


The aldimine hydrochloride separated after fifteen minutes as a 
yellow oil, which became semi-solid, the reaction being complete in 
ninety minutes. This product dissolved in water (200 c.c.) to a 
yellow solution containing only a trace of tarry matter. The 
aldehyde separated as a bulky, yellow, crystalline precipitate on 
heating the filtrate to boiling, and crystallised readily from dilute 
alcohol or from hot benzene in yellow, acicular prisms melting at 
1335—134°5° (Found: C=70-:29; H=4'42 per cent.). 2:3-Di- 
hydrory-\-naphthaldehyde is, with the exception of the 
4:8isomeride, the least soluble member of the series. It is pro- 
duced with far greater readiness than the aldehydes from the 1: 2- 
and 1:4-dihydroxynaphthalenes, the yield of purified material 
being upwards of 62 per cent. 

The p-bromophenylhydrazone, crystallising readily from dilute 
alcohol in lustrous, yellow scales, melted and decomposed at 200° 
(Found: Br=22-87 per cent.). 

2:3-Dihydrory-1-naphthylideneaniline crystallised readily from 
alcohol in lustrous, lemon-yellow needles melting at 199—200° 
(Found: N=5°57 per cent.). 


OH 

A\/™\ 
4:8-Dihydrozy-1-naphthaldehyde, L ® 
A 


OH CHO 


The product obtained by Gattermann (Joc. cit.) from 1:5-di- 
hydroxynaphthalene was stated to melt indefinitely between 195° 
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and 215°. We consider that this product was contaminated withfr 
4-hydroxy-l-naphthaldehyde derived from the a-naphthol present 
in crude 1:5-dihydroxynaphthalene, for in a _ preparation of 
aldehyde melting partly between 190° and 200°, the impurity was 
-detected in the form of its Schiff base, 4-hydroxy-1-naphthylidene. 
aniline (Gattermann and Horlacher, Ber., 1899, 32, 284). 

4:8-Dihydroxy-l-naphthaldehyde, when obtained in a state of 
purity by successively washing the crude product with warm 50 perl’ 
cent. alcohol and crystallising the residue from boiling water, 
separated in minute, yellow needles blackening at 280°, but having 
no melting point below 300° (Found: C=69°94; H=4:20 pe 
cent.). It dissolves readily in ether, but in other solvents it is the’ 
least soluble member of the series. 

The p-bromophenylhydrazone, crystallising readily from dilute’ 
alcohol in lustrous, golden-yellow scales, melted and decomposed 
at 206° (Found: Br=22°45 per cent.). 


4:8-Dihydroxy-l-naphthylideneaniline was obtained in dark rei” 


needles melting at 200°, whereas Gattermann gave 194—195° a 
the melting point (Found: N=4-98 per cent.). 


Aldehydes from 1:8-Dihydrorynaphthalene, 


HO OH HO OH 
(CY) (exo 
WN\Z \A\ 74 
CHO 
Main product (a). By-product (5). 


The brown, oily, intermediate product collected after two hour 
was treated with water (200 c.c.), when a yellow solution wa 
obtained, with a considerable amount of black, tarry matter simila 
to that formed in the alkali fusion of a-naphthol-8-sulphonic acié. 
The filtrate, after heating to boiling, slowly deposited the greenisl- 
yellow, crude aldehydic material, the main bulk (a) of whic 
remained undissolved when extracted in a Soxhlet apparatus with 
light petroleum ; the yellow extract yielded, on evaporation, abou 
0-8 per cent. of a yellow, crystalline aldehyde (5). 

4:5-Dihydrozy-\-naphthaldehyde, the main _ product (0) 
separated from dilute alcohol in lemon-yellow, nodular crystal 
darkening at 150—160°, and melting and decomposing # 
164—166° (Found: C=70°70; H=4'59 per cent.). This isomeride, 
although insoluble in light petroleum, dissolved more readily i! 
boiling water, benzene, ether, or alcohol; the yield of purified pr 
duct was about 24 per cent. of the theoretical. Prolonged boilint 
with water or benzene led to a darkening of the product and to? 
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rise in melting point, probably owing to a condensation between 
the peri-hydroxyl groups and the aldehydic complex of another 
molecule, giving rise, by loss of water, to the compound, 


C,,H,(0H) CH >C,H,:CHO . 


The presence of a small amount of this condensation product in 
the specimen analysed would account for the somewhat high result 
in carbon. 

The p-bromophenylhydrazone, separating from dilute alcohol in 
brownish-yellow, felted needles, melted and decomposed at 180° 
(Found: Br=22°66 per cent.). 

4:5-Dihydrory-1-naphthylideneaniline was obtained in dark red 
needles with slight green reflex, darkening at 200°, but not melt- 
ing below 280° (Found: N=4°68 per cent.). 

The by-product (0), sparingly soluble in light petroleum, dis- 
solved more readily in hot water, alcohol, ether, or benzene, and 

melted at 134—135°. The p-bromophenylhydrazone, a lemon- 
‘Prellow, crystalline powder darkening at 170° and decomposing at 
181°, depressed the melting point of the p-bromophenylhydrazone 
of aldehyde (a) by 15°. The dihydrorynaphthylideneaniline from 
aldehyde (4) formed reddish golden-yellow needles melting at 
229—230°. Owing to the small amounts obtained, it was not 
possible to subject aldehyde (6) and its derivatives to detailed 
examination, but the estimation of bromine and nitrogen in the 
hydrazone and Schiff base, respectively, gave numbers indicating 
a monoaldehyde. 


2:6- and 2:7-Dihydrory-1-naphthaldehydes, 


CHO CHO 
/ 
aa: Hof Son 
HO ‘ 4 
VAN 7 \4\7 
2:6-Dihydroxy-l-naphthaldehyde crystallised from benzene in 
dark yellow, acicular prisms melting sharply at 189—190° (Gatter- 
mann, loc. cit., gives bright yellow needles melting and decom- 
posing at 185—190°); the p-bromophenylhydrazone separated from 
alcohol in minute, yellow scales melting and decomposing at 
19—195° (Found: Br=22°93 per cent.).  2:6-Dihydroxy-1- 
naphthylideneaniline, orange needles, melted at 250—260° (Gatter- 
mann gave orange-red needles with green reflex melting indefinitely 
at 215—-235°) (Found: N=5-36 per cent.). 
2:7-Dihydrory-1-naphthaldehyde was obtained with very little 
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tarry by-product, the yield being upwards of 70 per cent.; it 
crystallised from hot water or dilute alcohol in pale yellow, felted 
needles melting indefinitely at 156°5—158°5°, or from hot benzene 
in bright yellow, silky needles melting at 159-5—160-5°, 
crystals from water, after drying between porous tiles for several 
days, gave C=67°33; H=4-87. C,,H,O;,4H,O requires C=67-00; 
H=4°60 per cent. From benzene: C=69-:72; H=4°42. C,,H,0, 
requires C=70-°19; H=4°29 per cent. 

The aldehyde described as 2:7-dihydroxy-1-naphthaldehyde by 
Gattermann (loc. cit.) was stated to melt and decompose at 
210—215°, and to crystallise with a molecule of water, which is 
lost in a vacuum desiccator over sulphuric acid, or more rapidly at 
120°. It will be seen below that these properties are 
approximately those of one of the isomeric aldehydes (a) derived 
from 1: 6-dihydroxynaphthalene. 

The p-bromophenylhydrazone of  2:7-dihydroxy-1l-naphth- 
aldehyde crystallised readily from dilute alcohol in. shimmering, 
greenish-yellow scales melting and decomposing at 202—203° 
(Found: Br=22°65 per cent.). 2:7-Dihydroxy-l-naphthylidene- 
aniline separated from alcohol in lustrous, yellow needles melting 
at 214—215° (Found: N=4'97 per cent.) (Gattermann gave m. p. 
195—196°). 


Aldehydes from 1:6-Dihydroxynaphthalene, 
OH 
o 
HO 
\ZYV4 
CHO 
(a) Main product. (b) By-product. 


The intermediate aldimine hydrochlorides separated rapidly from 
the reaction mixture, and, after one and a-half hours, the product 
was washed with ether and decomposed with hot water, when a 
mixture of isomeric aldehydes was obtained, together with a small 
quantity of brownish-red impurity and a trace of tarry matter. 
The isomerides were separated by extraction with chloroform, when 
the main product (a) remained insoluble, whilst the by-product 
(6) passed into solution. 

(a) 4:7-Dihydroxy-l\-naphthaldehyde (yield, 64 per cent.) 
crystallised from alcohol in prismatic, silvery needles appearing 
yellowish-brown by transmitted light and green by reflection ; from 
boiling water it separated in silvery, white needles with a yellowish- 
brown tint. From both solvents, the aldehyde retained 1H,0, 
darkened at 160°, and decomposed at 218° (Found: C=63'89; 
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0 “h° ; 
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H=5°03. C,,H,O;,H,O requires C=64°05; H=4°89 per cent.). 
When heated in a vacuum at 120—130°, the foregoing preparations 
lost water, becoming browner and devoid of silvery lustre. Over 
sulphuric acid in a vacuum desiccator, this water of hydration was 
lost very slowly. The anhydrous aldehyde decomposed at 218°, no 
darkening occurring below 215° (Found: C=70°03; H=4°5l. 
(,,H,0; requires C=70°19; H=4°29 per cent.). 4:7-Dihydroxy- 
|naphthaldehyde, which dissolved readily in boiling alcohol, was 
jess soluble in hot water, and very sparingly so in benzene or 
chloroform. 

The p-bromophenylhydrazone crystallised from dilute alcohol in 
golden-yellow needles melting and decomposing at 185°; it retained 
1H,O (Found: Br=21°34. C,,H,,0,N,Br,H,O requires Br=21-30 
pr cent. After drying in a vacuum at 120°, Br=21-88. 
(,7H,s0,N.Br requires Br= 22°38 per cent.). 

4:7-Dihydroxy-\-naphthylideneaniline crystallised from alcohol 
in orange-red scales with a green reflex; it darkened at 240°, but 
did not melt below 280° (Found: N=5'll per cent.). 

(b) 2:5-Dihydroxy-\-naphthaldehyde (yield about 21 per cent.) 
was more soluble than its foregoing isomeride, dissolving readily 
in alcohol or ether, and more sparingly in water, chloroform, or 
benzene; it orystallised in bright yellow needles, darkening at 
190° and decomposing between 225° and 230°. A specimen after 
drying in a vacuum over sulphuric acid for fourteen days had 
become anhydrous (Found: C=69-97; H=4°76 per cent.). 

The p-bromophenylhydrazone crystallised from alcohol in yellow 
needles melting and decomposing at 206—207°; it retained water 
(Found: Br=21°38. C,,;H,,0,N,Br,H,O requires Br=21-30 per 
ent. After drying as above, Br= 22°84. C,,H,;0,N,.Br 
requires Br=22-38 per cent.). 

2:5-Dihydroxy-l1-naphthylideneaniline crystallised from alcohol 
in golden-orange needles which melted at 209—210° (Found: 
N=5°76 per cent.). 

A Possible Third Isomeride.—The filtrate from crystallised 
2:5-dihydroxy-l-naphthaldehyde yielded on evaporation a residue, 
which, after recrystallisation from alcohol, darkened at 170°, 
melted at 179—184°, and gave with aniline a Schiff base crystal- 
lising from alcohol in orange-yellow needles melting at 244—246°; 
this anid (Found: N=5-01 per cent.) depressed the melting points 
of the two preceding Schiff bases from 4:7- and 2:5-dihydroxy- 
naphthaldehydes. 
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Aldehydes from 1:7-Dihydroxynaphthalene, 


OH CHO OH 
sat, er 


| | 
\4 \/ a  Y 
CHO 


(a) Main product. (6) By-product. 

(44 per cent.) (38 per cent.) . 

Within twenty minutes, the yellowish-brown aldimine hydro. 
chloride separated, and, after one and a-half hours, the reaction 
was completed. On treating the crude intermediate product with 
water, a dark brown, oily solution was obtained containing only a 
trace of insoluble tar. The filtrate, heated to the boiling point, 
yielded a greenish-brown product, which was extracted for several 
days in a Soxhlet apparatus with dry benzene. From this extract 
the soluble aldehyde (0) separated on cooling, whilst the reddish. 
brown residue consisted of the main product, the less soluble 
aldehyde (a), contaminated with a small amount of dark red 
impurity, which was left undissolved on extracting the latter 
aldehyde with hot water. 

(a) 4:6-Dihydroxy-l-naphthaldehyde crystallised from _ boiling 
water, in which it is sparingly soluble, in yellow, microscopic 
needles decomposing, without melting, at 265—270° (Found: 
C=69°42; H=4'1l per cent.). This isomeride, which was readily 
soluble in ether, dissclved more sparingly in hot alcohol, and was 
practically insoluble in benzene. 

The p-bromophenylhydrazone, crystallising from dilute alcohol 
in greenish-yellow scales with silvery lustre, melted and decomposed 
at 205—206° (Found: Br=22°47 per cent.). 

4:6-Dihydroxy-|-naphthylideneaniline was formed less readily 
than in other cases; the reagents were heated under reflux in 
alcoholic solution for six hours and water was added, when the pro- 
duct separated as a dark red, crystalline powder, decomposing 
without melting at 230—240° (Found: N=5'44 per cent.). 

(6) 2:8-Dihydrozy-|-naphthaldehyde crystallised readily from 
alcohol in shining, yellow scales melting and decomposing a 
203—204° ; it was readily soluble in alcohol or ether, and sparingly 
so in boiling water or benzene (Found: C=69:-48; H=4°55 per 
cent.). 

The p-bromophenylhydrazone separated from dilute alcohol im 
minute, bright yellow needles melting and decomposing at 
206—207° (Found: Br=21°88 per cent.). 

2 :8-Dihydroxy-l-naphthylideneaniline crystallised from alcohol 
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in lustrous, golden-orange needles darkening at 240°, but not melt- 
ing below 280° (Found: N=5-35 per cent.). 


We desire to express our grateful thanks to the Salter’s Institute 
of Industrial Chemistry for the grant of a Fellowship to one of 
us (D.C.V.), which has rendered this collaboration possible. 


Tue UNIVERSITY OF BIRMINGHAM, 
EDGBASTON, [Received, January 20th, 1921.] 


XXI.—ortho-Chlorodinitrotoluenes. Part 11. 
By Gitsert T. MorcGan and LesLtige AMIEL JONEs. 


In the following communication, a new derivation of 2-chloro-4 : 6- 
dinitrotoluene is indicated, and the reactions of the amino-deriv- 
atives of the 4 #§- and 5:6-dinitro-isomerides are further described. 


(1) Nitration of 2-Chloro-6-mitrotoluene. 


Hitherto, the only compound definitely isolated from the nitra- 
tin of 2-chloro-6-nitrotoluene is 2-chloro-5 : 6-dinitrotoluene 
(D.R.-P. 107505; Cohn, Monatsh., 1901, 22, 475, and T., 1920, 
117, 787), but a systematic examination of the product has 
revealed the existence of 2-chloro-4:6-dinitrotoluene (T., 1920, 
117, 786). 

2-Chloro-6-nitrotoluene (30 grams), obtained by chlorinating 
vnitrotoluene, was added gradually to 450 grams of concentrated 
ulphurie acid and 60 grams of nitric acid (D 1°42) at 20°, the 
temperature being afterwards raised to 70° for one hour. The 
product, when poured on ice, yielded a solid and an oil ; the former, 
oi erystallising from alcohol, yielded 30 grams of 2-chloro-5 :6- 
dinitrotoluene (m. p. 106°) and an oily residue. The oily nitro- 
compounds were dissolved in warm concentrated sulphuric acid, 
aid the solution, on cooling, deposited more of the 5 :6-dinitro- 
compound. The acid filtrate, on dilution with water, yielded an 
iil, which was dissolved in alcohol, and the concentrated solution 
weded with a crystal of 2-chloro-4 : 6-dinitrotoluene, when 1°2 grams 
of this isomeride separated (m. p. 49°). The filtrate, when diluted 
with water, yielded an oil, which, on repeating the successive 
treatments with concentrated sulphuric acid and alcohol, gave a 
further crop of 2-chloro-4 : 6-dinitrotoluene (II) identical with tne 
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product from 2-chloro-4-nitrotoluene (total yield obtained, 5—19 
per cent.); these methods of preparation confirm completely the 
constitution assigned to the ini 


CH; 
i on a Ys ___NO, y 
\ 85 per cent, NO, 90 p per cent. L 
i 
¥o 


No, 


H, 


c 
NH,“ cl No, Yor NH, Cl 
Os. Oo * 0) 


= ssiightiisscillldeati 


(.) (IL) : os ) 


(2) Action of Diazonium Salts on 6-Chloro-2 :4-tolylenediamine. 


Benzene-5-azo-6-chloro-2 : 4-tolylenediamine (1).—The preceding 
dinitro-compound, reduced with alcoholic stannous chloride and 
hydrogen chloride, yielded 6-chloro-2:4-tolylenediamine (IIL), the 
hydrochloride of which, on successive treatment with benzene 
diazonium chloride (1 mol.) and sodium acetate, gave a brown az 
derivative, crystallising from benzene and petroleum in tufts of 
stout, red prisms melting at 160° (Found: N=21:09. C,,H,,N,( 
requires N= 21-49 per cent.). A small, dark red residue insoluble 
in benzene was found to be the dihydrochloride of the azo-com- 
pound (Found: N=16°84. (C,3;H,,;N,Cl,2HCl requires N=168 
per cent.). The diacetyl derivative, formed on warming the az 
compound with acetic anhydride, crystallised from alcohol in silky, 
orange needles melting and decomposing at 267° (Found: 
N=16°76. C,,H,,O,N,Cl requires N=16-26 per cent.). 

The bisazo-compound, CH,*C,Cl(NH,).(Ns°C,H;)o, produced by 
treating the diamine with excess of benzenediazonium chloride, 
separated from benzene and petroleum in bright red flakes melting 
at 192°, and crystallising unchanged from acetic anhydridé 
(Found: N=23°69. C,)H,;N,Cl requires N=23°05 per cent.). 

4'-Nitrobenzene-5-azo-6-chloro-2 : 4-tolylenediamine (I) separatet 
from acetone in dark reddish-black prisms with green reflex; ' 
melted and decomposed at 240—245° (Found: N=22'bi 


nine, 
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(\sHj02.N;Cl requires N=22-91 per cent.). The diacetyl deriv- 
ative crystallised from alcohol in red, acicular prisms melting and 
decomposing at 290° (Found: N=18-09. C,,H,,O,N,Cl requires 
N=17°97 per cent.). 

The foregoing azo-compounds give varying shades of orange-red 
in cold concentrated sulphuric acid. 


(3) Action of Primary Amines on 4:5- and 5:6-Dinitro-o- 
chlorotoluenes. 


6-Chloro-4-nitro-N-methyl-m-toluidine (V).—Dry methylamine 
was passed into a solution of the 4:5-dinitro-compound (IV) dis- 
slved in absolute alcohol at 15°. The liquid, which immediately 
became yellow, afterwards deposited deep red, acicular prisms, the 
filtrate giving a further crop. The yield was quantitative; the 
recrystallised product melted at 127° (Found: N=14°81. 
(,H,0,N,Cl requires 13-96 per cent.). 

The orientation of the methylamino-group in 6-chloro-4-nitro- 
Y-methyl-m-toluidine was demonstrated as follows: 6-chloro-4- 
nitro-m-toluidine (VIII) (2 parts) was heated with methyl sulphate 
(‘5 parts) in toluene solution on the water-bath for about four 
hours. After distilling off toluene in steam and extracting with 
ether, the product crystallised from alcohol in long, red, acicular 
needles (m. p. 126—127°), and was identical with the foregoing 
preparation. 

The nitrosoamine (IX), prepared from either specimen, crystal- 
lised in yellow plates melting at 70°, and giving Liebermann’s 
reaction (Found: N=18-35. C,H,O,N,Cl requires N=18°30 per 
cent.). 

6-Chloro-3-nitro-N-methyl-o-toluidine (VI), produced by the 
action of methylamine on 2-chloro-5:6-dinitrotoluene (VII) in 
alcoholic solution, separated forthwith in orange, acicular prisms 
softening at 83°, and melting at 84—-87°. The velocity of reaction 
was not so great as in the case of the 4:5-dinitro-isomeride, and 
the methylamine solution was less coloured; the final yield was, 
however, almost quantitative (Found: N=13:90. C,H,O,N,Cl 
requires N= 13°96 per cent.). 

The orientation of the methylamino-group was demonstrated by 
heating 6-chloro-3-nitro-o-toluidine (XI) with 1 part of methyl 
sulphate and 2 parts of toluene for two hours at 110°. The pro- 
duct crystallised from alcohol (yield, 70 per cent.) was identical 
with the preparation obtained by the direct action of. methylamine 
m 2-chloro-5 : 6-dinitrotoluene. 

The nitrosoamine (X) from each of these specimens produced 
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quantitatively in glacial acetic acid solution, crystallised from 
alcohol in pale yellow, prismatic needles melting at 86—87°, and 
giving Liebermann’s reaction (Found: N=18-10. C,H,0,N,C 
requires N=18°30 per cent.). 


6-Chloro-4-nitro-N-phenyl-m-toluidine (V).—2-Chloro-4 : 5-d.— 


nitrotoluene was mixed with aniline (2°5 mols.) in warm alcohol, 
and the solution heated to boiling for thirty-six hours. The colour 
changed from yellow to intense red, and, on cooling, the liquid 
slowly deposited reddish-orange crystals, which separated from 
petroleum in rectangular pyramids melting at 95—96°. Owing to 
the difficulty of separating the product completely from the 
reagents, the yield actually obtained was only 50 per cent. of the 
calculated amount, but no isomeride was detected (Found: 
N=10°99. C,,H,,O,N,Cl requires N=10°67 per cent.). 

The orientation of the phenylamino-group was confirmed by an 
application of the Goldberg condensation (Ber., 1907, 40, 4541). 
6-Chloro-4-nitro-m-toluidine (3 grams) was heated under reflux 
with 15 grams of bromobenzene, 1°5 grams of dry potassium 
carbonate, and 0°1 gram of cuprous iodide until, on cooling, the 
deep reddish-brown solution gave crystals of the phenylated base. 
The liquid was then distilled in steam, the residue extracted with 
ether, and the product fractionally crystallised from alcohol after 
boiling with animal charcoal, the yield being upwards of 50 per 
cent. After crystallisation from glacial acetic acid, the compound 
separated in reddish-orange prisms melting at 93°, and was 
identical with the condensation product of aniline and 2-chloro- 
4 :5-dinitrotoluene. 

The nitrosoamine, prepared from either specimen, crystallised 
from alcohol in yellow prisms melting at 95—96° (Found: 
N=14°41. C,,H,,O,N;,Cl requires N =14-40 per cent.). 

The filtrate from 6-chloro-4-nitro-¥-phenyl-m-toluidine, obtained 
by the Goldberg reaction, yielded further quantities of this base 
and a small amount of a deep red, crystalline compound melting 
at 128—129° and dissolving in concentrated sulphuric acid to an 
intense bluish-green solution, the colour of which disappeared on 
dilution with water. 

6-Chloro-3-nitro-N-phenyl-o-toluidine (VI) was produced by 
treating 2-chloro-5:6-dinitrotoluene with alooholic aniline, as im 
the foregoing preparation. The reaction proceeded very slowly, 
and, after several weeks, a 50 per cent. yield of orange, rhomboida! 
plates melting at 108—109° was obtained (Found: N=10°5/. 
C,,H,,0.N.Cl- requires N= 10-67 per cent.). 

The constitution of 6-chloro-3-nitro-V-phenyl-o-toluidine was 
confirmed by preparing it from 6-chloro-3-nitro-o-toluidine by the 
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Goldberg condensation. 2-Chloro-5-nitro-o-toluidine (4 grams), 
shen heated under reflux for ten hours with bromobenzene 
( grams) in 20 grams of nitrobenzene and in the presence of 
potassium carbonate (2 grams) and a small amount of cuprous 
iodide, gave a 75 per cent. yield of 6-chloro-3-nitro-V-pheny]l-o- 
toluidine. The solution was distilled in steam to remove nitro- 
benzene and excess of bromobenzene, and the remaining solid ex- 
tracted with ether; the residue from the ethereal solution crystal- 
jised from light petroleum in orange-red, rhomboidal crystals of the 
phenylated base, melting at 108—109°, and identical with the 
preceding preparation. The nitrosoamine, prepared from either 
pecimen, crystallised from alcohol in yellow prisms melting at 91° 
Found: N=14°37. C,3H,,O,N,Cl requires 14°40 per cent.). 
6-Chloro-3-phenyl-3 :4-tolylenediamine (XII), produced by re- 
duction of 6-chloro-4-nitro-W-phenyl-m-toluidine with zinc dust and 
ammonium chloride, crystallised from aqueous alcohol in pink 
wedles melting at 109°5°. The diazoimine (XIII) was formed on 
adding sodium nitrite to a glacial acetic acid solution, and pre- 
dpitated on dilution with water as a creamy-white, flocculent mass ; 
it crystallised from aqueous alcohol in tufts of silky, pink needles 
neting at 119—120° (Found: N=17'58. C,,H,,N;Cl requires 
Y=17°25 per cent.). 

6-Chloro-2-methyl-2 : 3-tolylenediamine (KV) was prepared by 
reducing the 5:6-nitroamine with zinc dust and ammonium 
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chloride in aqueous-alcoholic solution, and isolated as the hydro. 
chloride in fine, colourless needles sparingly soluble in water, 
The free base was obtained as an oil. The diazoimine (XIV), pm. 
duced in glacial acetic acid, crystallised from absolute alcohol in 
flesh-coloured, prismatic needles melting at 238-—-239°. 

The comparative study of 2-chloro-4:5-dinitrotoluene and 
2-chloro-5 : 6-dinitrotoluene in regard to the displacement of their 
labile nitro-groups by ammonia and by primary amines (methyl. 
amine and aniline) is illustrated by the diagram on p. 191, which 
also indicates the processes employed in proving the constitution of 
the products. 


Summary. 


(1) 2-Chloro-4:6-dinitrotoluene, recently isolated from the 
nitration product of 2-chloro-4-nitrotoluene, has now been obtained 
to a similar extent in the nitration of 2-chloro-6-nitrotoluene. 

(2) 6-Chloro-2 :4-tolylenediamine, the reduction product of the 
foregoing dinitro-compound, yields azo- and bisazo-compounds of 
the chrysoidine series comparable with those obtained from its 
isomeride, 6-chloro-3 : 5-tolylenediamine (T., 1902, 81, 97). 

(3) The reaction of ammonia and the primary amines (methy} 
amine and aniline) with 2-chloro-4:5-dinitrotoluene leads to the 
displacement of the 5-nitro-group by the aminio radicle (compare 
Kenner, T., 1914, 105, 2717; 1920, 117, 852). In the case of 
2-chloro-5 : 6-dinitrotoluene, the basic radicle displaces the nitro- 
group in position 6, and not the 5-nitro-group situated in a sympa- 
thetic position with respect to the chlorine and the other nitro 
group. 


The authors desire to express their thanks to the British Dye 
stuffs Corporation, Ltd. (Manchester), for facilities afforded in the 
carrying out of this research. 


THE UNIVERSITY OF BIRMINGHAM, 
EDGBASTON. [Received, December 28th, 1920.] 
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XXII.—The Constitution of the Disaccharides. 
Part V. Cellobiose (Cellose). 


By WaLTER NorMAN Hawortu and Epmunp LanGLey Hirst. 


(ELLOBIOSE bears much the same relationship to cellulose that 
maltose does to starch. It is a disaccharide which, like maltose, 
gives rise on hydrolytic cleavage to two molecular proportions of 
glucose. Pringsheim submitted cellulose to the action of 
thermophil and other bacteria, and observed the intermediate 
formation of cellobiose in the degradation to glucose (Zeitsch. 
physiol. Chem., 1912, 78, 266). These fermentative processes, 
investigated from the point of view of carbohydrate metabolism in 
animals, are related to the fermentative degradation of starch, 
and may acquire a new significance in the light of recent 

endeavours to utilise cellulose as a source for industrial alcohol. 
Although considerable study has been devoted to the constitu- 
tion of cellulose, the precise mode of linking of the two glucose 
residues in cellobiose has hitherto remained obscure. The deter- 
mination of the structure of this disaccharide may, however, be 
regarded as an important preliminary to the investigation of the 
larger problem. In an earlier paper by Haworth and Leitch (T., 
1919, 115, 809), the constitution of maltose was shown to be 
A constitutional formula (II) was 


munication this structural representation is supported by experi- 
nental proof. 


CH,-OH 

CH——O——CH, rCH——0——CH 
Nore OH  GH-OH lou: ‘oH GH 

| CH-OH rd | GH: OH oCH: OH 
“CH cH: OH (GH ° GH: -OH 

CH-OH i ‘OH CH-OH \CH:-OH 

CH,°OH CH:OH CH,°OH 

(I.) (II.) 
Maltose. Cellobiose (Cellose). 


Whilst Franchimont first isolated cellobiose in the form 

af the octa-acetate, it was left to Skraup to recognise the 

sugar as a disaccharide, and the further work of Skraup 

and Koenig contributed important data on the preparation and 

toperties of the new biose (Ber., 1901, 34, 1115; Monatsh., 
H* 2 
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1901, 22, 1011). An extended study of this new disaccharide by 
Maquenne and Goodwin (Bull. Soc. chim., 1904, [iii], 31, 854) 
and others furnished an alternative procedure for its preparation. 
In the main, these processes have been followed during the cours 
of the present work. Repeated trials of these methods have 
revealed, however, extraordinary variations in yield. For n 
apparent reason, the amount of cellobiose acetate obtained on 
acetolysis of cellulose was occasionally very small, and therefore 
it seemed desirable to attempt to improve the recognised procedure, 
Eventually a process yielding uniformly good results was devised, 
details of which are to be found in the experimental part of this 
paper. Relying rather on colour changes than on duration oj 
reaction, the method now described yields results which ar 
dependable. 

Cellobiose in the form of its monopotassium derivative was 
methylated by treatment with methyl sulphate and aqueous sodium 
hydroxide until most of the hydroxyl groups were protected, and, 
finally, the introduction of methyl groups was completed by the 
aid of Purdie’s reagents, namely, methyl iodide and silver oxide. 
Under this exhaustive treatment, the cellobiose yielded an octa 
methyl derivative in which all the hydroxyl positions were occupied 
by methoxyl groups. This new derivative was a colourless, crystal: 
line compound, melting at 76—78°, having n, 1°4643, and show. 
ing [a], +9° in water, 9-1° in methyl alcohol, and 8°8° in ethyl 
alcohol. It is herein described as heptamethyl methylcellobioside. 

The coupling of two hexose residues in a disaccharide molecule 
proceeds by the linking of one hydroxyl group in each of the com 
ponent hexoses. Ten hydroxyl groups, then, are available (potenti- 
ally), two of which are engaged in the above-mentioned union, 
leaving eight such groups exposed in the disaccharide. In hepts 
methyl methylcellobioside these eight positions are protected by 
methyl groups. One of the eight methyl groups may be eliminatei 
by hydrolysis with dilute acids, namely, that protecting the par 
ticularly labile reducing group of the biose. Hydrolytic cleavage 
of the disaccharide linking releases two more hydroxyl groups, 
namely, those participating in the union of the two hexose residues. 
The assignment of positions to these newly exposed _ hydroxy! 
groups, by investigating the methylated hexoses resulting from tle 
scission of the methylated biose, provides a solution to the problem 
of the constitution of the disaccharide. 

Heptamethyl methylcellobioside was hydrolysed by digestion fo 
three to five hours with 5 per cent. hydrochloric acid at 80°. A* 
cleavage products, two substances were isolated, which were easilf 
separable by extraction with different solvents. Light petroleum 
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Biissolved one component of the mixture, and, from this solution, 
tetramethyl glucose of the butylene-oxidic type crystallised in the 
usual characteristic form, and was identified by analysis, by specific 
fraction and rotatory power, and by mixed melting-point deter- 
nination with an authentic specimen. The second component of 
the mixture was soluble in dry ether, and crystallised from this 
medium in small, colourless needles melting at 115—116°. This 
empound gave analytical figures corresponding with a trimethyl 
hexose, and showed [a], + 68°7° in equilibrium in methyl alcohol. 
These properties are similar to those of the trimethyl glucose 
previously isolated by Haworth and Leitch from methylated lactose 
(., 1918, 118, 188), and by Denham and Woodhouse (T., 1914, 
105, 2364) from methylated cellulose, and the constitution is dis- 
wssed in the former publication. A melting-point determination 
of this specimen of trimethyl hexose, when mixed with specimens 
derived from lactose and cellulose, established its identity. The 
products of cleavage of methylated cellobiose were therefore proved 
to be butylene-oxidic forms of trimethyl glucose (III) and tetra- 
nethyl glucose (IV); consequently, the structure of heptamethyl 
methylcellobioside is indicated by the formula V. 


HCH CH,-OMe 
C(H—-—-O0-'-—-CH -CH-OH CH,-OMe 
CH: OMe (CH oH OMe CH-OH 
CH-OMe QCH-OMe —> |CH-OMe CH 
cH | CH-OMe CH | GH-OMe 
CH-OMe CH-() Me GH-OMe CH:-OMe 
(H,-OMe HOH CH,-OMe | CH-OH 

(V.) (IV.) (III.) 


Heptamethyl Tetramethy! Trimethyl 
methylcellobioside. glucose. glucose. 


The trimethyl glucose was stable in the presence of perman- 
ganate, and additional evidence in support of the constitution 
previously assigned to this substance was forthcoming from a study 
of its behaviour on complete methylation. It must here be 
recorded, however, that an embarrassing difficulty arose during 
the attempt to introduce two additional methyl groups. One of 
the hydroxyl groups displayed a tendency to resist methylation to 
4 surprising degree, but by repeated application of the methyl- 
ating agents, this hindrance was overcome. Finally, 92 per cent. 
of the original amount of the trimethyl glucose was converted into 
crystalline tetramethyl-8-methylglucoside, and this was identical 
it every respect with a specimen previously prepared by Purdie 
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and Irvine (T., 1904, 85, 1060). Moreover, this glucoside gay 
rise on hydrolysis to the butylene-oxidic form of tetramethyl 
glucose, melting at 84°, and identical in all other respects with ap 
authentic specimen of this compound. Inasmuch as no evidences 
is available for the assumption that the oxide linking in a sugar 
is disturbed by the application of the conditions under which the 
methylation now described was conducted, namely, with the Purdie 
reagents, the conclusion is drawn that the trimethyl glucos, 
isolated already from three sources, (a) methylated cellobiose, 
(5) methylated cellulose, (c) methylated lactose, possesses the 
butylene-oxidic structure, as shown in the formula (ITI). 

Emulsin and cellase hydrolyse cellobiose, yielding glucose, whils 
maltase is without effect. It is not definitely known whether the 
first of these enzymes owes this property to the presence of traces 
of the second, which is recognised to be specific in its relation to 
cellobiose. On other grounds,, however, namely, the _ striking 
similarity in optical properties of derivatives of lactose and cello- 
biose (Hudson, J. Amer. Chem. Soc., 1916, 38, 1566), it is to be 
regarded as highly probable that the linking of the two hexoses in 
each is similar, structurally and stereochemically. For thes 
reasons, cellobiose may be considered as glucose-8-glucoside. 

Doubtless it is premature to speculate as to the precise form in 
which the hexoses (or pentoses) must be represented as comprising 
the cellulose molecule. Recently, various authors have combated 
the opinion, so generally held, that hexoses as such are grouped 
together in cellulose as they are in the di- and tri-saccharides. 
The cumulative evidence, however, points definitely to a structural 
linking for part of the glucose constituent. This is the glucose 
fragment linked with other residues through both the reducing 
group and that hydroxyl group attached to the fifth carbon atom 
from the reducing end of the hexose chain: 

O 
CH-CH(OH)-CH(0H)-CH-CH-CH,-0H 
6 6 

This mode of linking is probably largely represented in the struc 
ture of the cellulose molecule. Inasmuch as trimethyl glucose of 
the constitution represented by formula IIT has been isolated, both 
from methylated cellulose and cellobiose, it seems clear that the 
above residue forms an essential part of cellulose. 

At variance with this view is the opinion expressed by Sarasit 
(Arch. Sci. phys. nat., 1918, [iv], 46, 5), who suggests that cellu- 
lose is composed of polymerised molecules of /-glucosan. 
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ExPERIMENTAL. 
Preparation of Cellobiose Octa-acetate. 


The following is a convenient and rapid procedure for the pre- 
ration of cellobiose, and, although based on the methods 
iescribed by Skraup and Koenig and by Maquenne and Goodwin 
(loc. ctt.), differs in important respects from the processes out- 
lined by previous workers. Filter paper in layers of four sheets 
vas kept in a dry atmosphere at 20° for three days, and was then 
wat into pieces of about 1 sq. cm. in size. Twenty grams of this 
material were stirred into a water-cooled mixture of 80 c.c. of 
ommercial acetic anhydride (85—-95 per cent.) containing 11 c.c. 
of concentrated sulphuric acid. At this stage, the temperature 
of the viscid mixture was kept just below 20°. When moist filter 
paper had been used, this treatment produced a marked develop- 
nent of heat, whilst paper too well dried failed to become impreg- 
nated with the reagents. Under the prescribed conditions, a viscid 
paste was formed after stirring the paper with the reagents for 
ive minutes. 

A bath, containing calcium chloride and water, having been 
heated in readiness to a temperature of 120°, the vessel containing 
the viscid paste of impregnated filter paper was heated by this 
means, and the contents thoroughly stirred. Rapid disintegration 
and solution of the paper occurred, the mixture darkened in colour, 
and, at about 112°, assumed the form of a dark red, mobile liquid, 
which began to boil. This marked the critical stage of the 
aetolysis process. Immediately the red solution appeared to be 
changing to black, the whole of it was poured into 14 litres of 
wld water. A pale yellow precipitate of crude cellobiose octa- 
acetate separated after ten minutes. It was possible to form an 
immediate judgment on the success of the experiment in the follow- 
ing way: a sample of the precipitate should dissolve in boiling 
alcohol, but not in the cold ; from the hot alcoholic solution, white, 
powdery crystals should be deposited on cooling; under the cover- 
glass of a microscope slide, a drop of the hot solution should give 
characteristic rosettes of needles, affording a rapid and compara- 
tively trustworthy test for the presence of cellobiose octa-acetate. 

The pale yellow precipitate was kept in contact with water for 
six hours, filtered, washed with water, and dried at 40°. It was 
recrystallised by boiling under reflux for half an hour with 300 c.c. 
of 90 per cent. ethyl alcohol. While still hot, the solution was 
filtered, and, on cooling, there separated colourless, minute needles 
of cellobiose octa-acetate, which, after twelve hours, were collected, 
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washed with dilute alcohol, and dried. The melting point was 
224—227°, but the product may be further purified from aloohol 
or ethyl acetate. Equally satisfactory results were obtained by 
using this method of preparation with three times the above 
quantities. The product weighed 25 to 35 per cent. of the original 
weight of filter paper, and this yield was maintained throughout 
an extended series of preparations. 

Removal of Acetyl Groups.—In this operation, 10 grams oj 
cellobiose octa-acetate were moistened with a little absolute alcohol 
and mixed, during constant stirring, with a solution of 12 grams 
of potassium hydroxide in 50 c.c. of absolute alcohol. After keep. 
ing for two hours, the solid potassium cellobiosate which had 
separated was collected on a filter, washed with alcohol, and dried 
in a vacuum. The yield was 6 grams, but this product contained 
traces of free alkali. The free disaccharide was isolated from the 
potassium derivative by the addition of perchloric acid, as described 
by Maquenne (loc. cit.). 


Methylation of Cellobiose: Isolation of Heptamethyl 
Methylcellobioside. 


The cellobiose octa-acetate used in the course of this work melted 
at 224—227° (uncorr.), showed [a], +41°5° in chloroform, and 
gave by the ebullioscopic method a molecular weight of 685 in 
chloroform as solvent; the theoretical value is 678. 

As the methylation was conducted in alkaline solution, it 
appeared unnecessary to isolate the free disaccharide from the 
potassium derivative obtained by removal of the acetyl groups. 
Accordingly, the potassium cellobiosate (11 grams) was dissolved 
in a little water and subjected to methylation with 38 c.c. of 
methyl sulphate and 36 grams of sodium hydroxide dissolved in 
70 c.c. of water. The procedure was similar to that followed in 
the case of lactose (Haworth and Leitch, Joc. cit.), and the product 
consisted essentially of a liquid distilling slightly below 
200°/0°2 mm. and showing n,, 1°4687, whilst the analytical figures 
were in agreement for hezamethyl methylcellobioside (Found: 
OMe=48'2. Cj, 9H 30,, requires OMe= 49-3 per cent.). 

In all, 72 grams of cellobiose octa-acetate were deacetylated and 
passed through the methylation treatment, but in order to intro- 
duce the full complement of eight methyl groups, the hexamethy! 
methylcellobioside was digested on three separate occasions with 
methyl iodide and silver oxide. On fractional distillation of this 
product, only a minute quantity distilled below 190°/0°25 mm., 
almost the whole of it being collected at 190—200°/0°02 mm. asa 
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faintly yellow syrup having np 1:4620. This syrup rapidly became 
wmpletely crystalline, and, after triturating with light petroleum, 
the colourless crystals melted at 76—78°, showing n, 1°4643 for 
the superfused solid (Found: C=52°'7; H=837; OMe=53-2. 
CyHsg0,, [Cy2H,4O;(OMe),] requires C=52°86; H=837; OMe= 
i4'6 per cent.). The analyses and properties were in agreement 
with those required for heptamethyl methylcellobioside. Polari- 
netric observations were recorded as follows: 


Solvent. 


Methyl alcoho! ...... 
Ethyl! alcohol 
FEED pasixiencesencen 


Hydrolysis of Heptamethyl Methylcellobioside. 


A preliminary experiment indicated that complete hydrolysis 
of the fully methylated cellobiose was effected after heating with 
j per cent. hydrochloric acid for five hours at 80—95°. 

‘Temperature. Time. 
0 
15 minutes 
3 hours 
9 

Consequently, 10 grams of heptamethyl methylcellobioside were 
submitted to a parallel treatment with 500 c.c. of 5 per cent. 
hydrochloric acid. Thereafter, the mineral acid was neutralised 
with barium carbonate, filtered, and the solution evaporated to 
dryness under diminished pressure. The residue of syrup and salts 
was extracted several times with boiling ether, and yielded 7-7 
grams of a clear, yellow syrup. This partly crystallised on 
nucleation with a specimen of butylene-oxidic tetramethyl glucose. 

Separation of the constituents of the syrup revealed the presence 
of about equal amounts of tetramethyl glucose and of a 
trimethyl glucose. The former was isolated by repeated digestion 
with boiling light petroleum, from which, on cooling, the character- 
istic crystals of the compound were deposited. These melted at 
88—89°, showed [a], +83-3° in equilibrium in water, and the 
mixed melting-point determination and other properties were also 
in full agreement with those recorded for butylene-oxidic tetra- 
methyl glucose (Found: OMe=53°0. Cale.: OMe=52'4 per 
cent.). 

The residual syrup from which the above compound was 
separated was dissolved in boiling ether. From the cooled solution 


there were obtained minute, colourless needles melting at 
H*t* 
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115—116°, which gave analytical figures for a trimethyl glucog 
(Found: OMe=41'2. Cale.: OMe=41-9 per cent.). 

The crystalline form, solubility, and melting point were similar 
to those recorded for the trimethyl glucose isolated by Denham 
and Woodhouse (/oc. cit.) from methylated cellulose, and by 
Haworth and Leitch (/oc. cit.) from methylated lactose, and mixed 
melting-point determinations with these specimens indicated their 
identity. This view was supported by polarimetric observations: 


{a}, (initial value) + 105°0° in methyl alcohol. 
(equilibrium value) + 68°7° (after catalysis). 


The values given by Haworth and Leitch were respectively 
+112°9° (initial) and 69-1° (final). 


Conversion of the Crystalline Trimethyl Glucose into Tetramethy! 
Glucose (Butylene-oridic). An Example of Steric Hindrance. 


When the trimethyl glucose was digested with methyl iodide 
and silver oxide, it was found that the product remained incon- 
pletely methylated. On twice repeating the operation, the boiling 
point (120°/0-9 mm.) and refractive index (nm, 1°4512) of the 


product showed higher values than were anticipated (b. p. 116° 
0°9 mm. and nm, 1°4454), indicating that methylation of the whole 
of the material was incomplete. Only after five methylations was 
the major portion (92 per cent.) of the product obtained as a 
liquid distilling at 115—117°/0-9 mm. and showing n, 1°445/, 
which values correspond with those recorded for tetramethyl 
B-methylglucoside (Haworth, T., 1915, 107, 12). The distillate 
partly crystallised on nucleation with an authentic specimen of 
this substance, and, after draining on porous tile, the crystals 
melted at 38—39°, as previously observed by Purdie and Irvine 
(loc. cit.), and a mixed melting-point determination showed no 
depression (Found: OMe=61'3. Calo.: OMe=62-0 per cent.). 
The remaining 8 per cent. of the quantity of distilled product 
showed n, 1°4492, and contained only 57°3 per cent. of methoxy]. 

Hydrolysis of the crystalline tetramethyl 8-methylglucoside pro- 
ceeded normally on digestion with 8 per cent. hydrochloric acid 
for three hours. On isolating the free sugar in the usual way, it 
crystallised readily and completely, melted at 80—84°, and 
showed n, 1°4585 for the superfused solid, which is comparable 
with the value 1°4588 previously observed (Haworth, loc. cit.). 
Moreover, a mixture with an authentic specimen of butylene- 
oxidic tetramethyl glucose melted at 80—83°. The specific rota 
tory power in equilibrium in water was +83°. All the above 
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properties are in good agreement with those previously quoted in 
the literature for this compound. 


The authors are grateful to the Carnegie Trust for a Scholar- 
hip, under the terms of which this investigation has been 


onducted. 
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\XIII.—Derivatives of Gallic Acid. Part I]. Gallic 
Acid (and the Cresotic Acids) and Chloral. 


By RupcHanp LiLaRam ALIMCHANDANI and ANDREW NoRMAN 
MELDRUM. 


Taz condensation of chloral with methoxybenzoic acids was studied 
int by Fritsch (Annalen, 1897, 296, 358; 1898, 301, 360), and 
the study has been continued by Meldrum (T., 1911, 99, 1712), 
ty Bargellini and Molina (Atti R. Accad. Lincei, 1912, [v], 21, 


i, 146), and by the authors (T., 1920, 117, 964). Little, if any- 
thing, has been done on the condensation of chloral with the 
iydroxybenzoic acids. The authors undertook to investigate the 
wudensation with gallic acid; then, in order to throw light on the 
wults they obtained, they found it desirable to extend the 
wrk to the cases of p-, o-, and m-cresotic acids.* 

The condensation with gallic acid was undertaken as a possible 
ueans of ultimately obtaining 3:4:5-trihydroxyphthalic acid (II). 
The trimethyl ether of this acid has been synthesised by Bargellini 
iid Molina (loc. cit.) and by the authors (loc. cit.),+ but has not 


* The work with m-cresotic acid has led to the isolation of three substances, 
ad these are still under investigation. The results will be communicated 
liter, when the constitution of the substances has been established. 

{ The same acid has been synthesised recently by Herzig and Brunner 
\Annalen, 1920, 421, 283). In each case the same synthetic method was 
‘uployed and the initial material was the trimethyl ether of gallic acid (or 
itsester). Herzig and Brunner found it necessary to resort to methylation 
tthe course of the work. Alimchandani and Meldrum had the same 
“perience previously. The explanation is that, in the condensation with 
thloral, the sulphuric acid that is employed as condensing agent can hydrolyse 
the trimethyl ether of gallic acid to the dimethyl ether, namely, syringic acid, 
which then condenses with chloral. Herzig and Brunner do not state that 
ttis explanation had already been given, and do not give any explanation 
themselves of the necessity for methylation. Bargellini and Molina found 
that the condensation proceeded without disturbance. 

H** 2 
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been completely hydrolysed. The constitution Il used to } 
ascribed to pyrogalloldicarboxylic acid, but this acid is believed 
now to have the constitution III (Voswinckel and de Weerth, Ber, 
1912, 45, 1242; Feist, Arch. Pharm., 1907, 245, 586; 
256, 1). It was hoped to synthesise 3: 4: 5-trihydroxyphthalic acij 
and to compare it with pyrogalloldicarboxylic acid directly 
Although this hope was not fulfilled, in the course of the wor 
that was carried through, compounds were obtained that meri 
description. 


From chloral and gallic acid, with sulphuric acid as the cu 
densing agent, three different substances can be obtained. Whe 
excess of gallic acid is used, the product is 3:4 :5-trihydroxy-2-tr. 
chloromethylphthalide (1). This substance would seem capable of 
conversion, by hydrolysis, into a phthalidecarboxylic acid, and this 
ultimately, into 3:4:5-trihydroxyphthalic acid (II). Hydrolysis 
however, did not lead to any definite product ; the trichloromethy. 
phthalide contains the three hydroxy-groups of the gallic acid, ani 
behaves much like this acid on treatment with alkali, givin 
material of indefinite composition. 


OH OH 
OK ‘ HO’ co,H 
HO. !co,H HO 

we \Z 


| ) 40 
CCI,*CH-O CO,H CO,H 
(1.) (II.) (III.) 


The production of a trichloromethylphthalide is the usual resuli 
of condensing chloral with a methoxybenzoic acid. A condens 
tion of quite another type occurs on using gallic acid and exces 
of chloral. Much difficulty was experienced in arriving at th 
formula and constitution of the resulting substance. Ultimately 
it was found that the substance can be obtained by the condens 
tion of chloral with the substance I, the reaction proceedim: 
according to the equation 

C,H,0,Cl,; + 2CCl,->CHO =C,,H,0,Cl, + H,O. 
Once this formula had been arrived at, it was easy to devise cob 
stitution IV for the substance, on the basis of the followilg 
behaviour : 

(1) When treated with a cold alkaline solution, the substane 
does not decompose, whilst I, under the same treatment, darkens 
readily as gallic acid. 

(2) It gives rise to disodium, dipotassium, dimethoxy-, diacety! 
and dibenzoyl derivatives. 
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(3) With ferric chloride solution, it gives a deep green coloration, 
sich as is given by catechol. 

These properties might well be expected of a substance contain- 
‘Bing the two hydroxyl groups shown in IV. What could not have 
been expected is the great stability which the substance shows 
Binder treatment with alkali. It is true that when boiled with an 
ikaline solution the substance decomposes, without yielding 
‘Bieinite products; in this case, decomposition must begin at the 
wo hydroxyl groups. On the other hand, the dimethoxy- and 
libenzoyl derivatives of the substance can be prepared from it in 
the usual manner, that is, in the presence of alkali. Moreover, 
these derivatives, and the,diacetyl derivative as well, do not decom- 
pose when heated with sodium hydroxide solution. Evidently the 

phthalide ring with its >CH-CCl, group, and the new ring, con- 
ining two oxygen atoms and two >CH-CCl, groups, are each 
rmarkably stable. 


97 \ 
COlyCHL 


CCI,-CH--O 
(V.) 

A third product is obtained from gallic acid when a large excess 
of chloral is used; it is found in greater or less amount whenever 
the substance IV is prepared. Being almost insoluble in organic 
liquids, it can be separated from ITV. Because of this insolubility, 
and because it gives off chloral on keeping, it is not obtained in 
the pure state. When treated with a cold alkaline solution, it 
yields the substance IV and chloral. It does not give an acetyl 
derivative. Its whole behaviour is in accordance with the 
vonstitution V. 


p-Cresotic acid (VI) reacts with chloral according to the 
equation 
C,H,O; + 2CCl,-CHO=C,,H,0,Cl, + HO. 
Constitution VII has been assigned to the substance in view of 
the facts that with ferric chloride it does not give the violet solor- 
ation characteristic of salicylic acids, and that it is acid to litmus 
aid forms salts easily. 
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Thus the same heterocyclic ring, containing two oxygen atoms 
and two >CH-CCl, groups, is present in the substances IV and 
VII. Like IV, VII is remarkably stable under treatment with q 
hot alkaline solution. When boiled with zinc dust and acetic 
acid, VII gives rise to the substance VIII, which is a derivative of 
phenylethylidene chloride. In this connexion, it is to be recalled 
that Pinner (Ber., 1898, 31, 1935), using the same reagents, con- 
verted the two -CCl, groups in hexachlorodimethyltrioxine (XY) 
into *CHCl, groups, the trioxine ring itself undergoing no change. 
In the present case, the heterocyclic ring breaks down, and the 
resulting -CH(OH)-CCl, group is converted into -*CH,°CHC\,. 
Compound VIII, when fused with potassium hydroxide, gives rise 
to IX. Both these compounds, VIII and IX, give with ferric 
chloride the violet coloration characteristic of salicylic acids. 


OH 


00,H/ cH, CHC, 
\) 
6 


(VIII) 


00,H/ ‘\CH,"CO,H 


Y 4 
GH, 
(TX.) 


The reaction of chloral with o-cresotic acid (X) proceeds accord 
ing to the equation 
2C,H,O, + CCl,-CHO = C,,H,;0,Cl, + H,0. 
The product has the constitution XI, the assumption being made 
that chloral attacks the cresotic acid molecule at the para-position 
with respect to the hydroxy-group. The substance XI is to be 
compared with that which Causse (Bull. Soc. chim., 1890, [iii], 3 
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861) obtained from chloral and resorcinol, and which Hewitt (T., 
1896, 69, 1265) showed to have the constitution XII. 

Thus the condensation of a hydroxybenzoic acid with chloral 
can take place in at least three different ways: 

(A) As in the case of a methoxybenzoic acid, a trichloromethyl- 
phthalide is formed; gallic acid, when used in excess, gives the 
trichloromethylphthalide (I). 

(B) A new heterocyclic ring is formed ; p-cresotic acid gives rise 
to the substance VII. Gallic acid also, when taken with excess 
of chloral, gives the compound IV, containing the new heterocyclic 
ring along with the phthalide ring. The new ring is remarkable 
for stability under treatment with alkaline solution. Under this 
treatment, the substance VII is not hydrolysed. The substance 
IV is, of course, vulnerable to attack by alkali, by reason of its 
two hydroxy-groups, but the dimethoxy-, diacetyl, and dibenzoyl 
derivatives of IV are as stable as the substance VII. Here the 
stability also of the phthalide ring and of the ‘CCl, group 
attached to it is worthy of note. 

Chloral has a strong tendency to take part in the formation of 
heterocyclic rings. Wallach obtained substances, which he termed 
chloralides, by the condensation of chloral with glycollic, malic, 
tartaric, and trichlorolactic acids. The first known chloralide 
(XIII) he obtained from chloral and trichlorolactic acid (Annalen, 
1878, 198, 1). From salicylic acid he obtained the substance 
XIV. The heterocyclic rings in XIII and XIV, however, are 
different from one another and from the heterocyclic ring which 
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is present both in IV and VII. The nearest approach to this 
new ring is to be found in hexachlorodimethyltrioxine (XV), 
which Pinner obtained by the action of chloral on formaldehyde 
in the presence of sulphuric acid (loc. cit.). Various meta-chlorals 
have been described, one of which may have the constitution XVI. 
Both XV and XVI have the same ring structure as paraldehyde 
(XVII). 

(C) In the case of o-cresotic acid, two molecules of the acid 
condense with one molecule of chloral, and the substance XI is 
formed. No closed chain is produced; formation of the new 
heterocyclic ring is impossible, owing to the position of the hydroxy. 
group, and formation of the phthalide, which appears possible, 
does not take place. 


EXPERIMENTAL. 
3:4:5-Trihydroxy-2-trichloromethylphthalide (1). 


Gallic acid (24 grams), chloral hydrate (10 grams), and sulphurie 
acid (100 c.c. of 94—95 per cent.) were mixed together, and the 
solids dissolved by vigorous shaking. After about forty-eight 
hours, the liquid was cooled by a freezing mixture, when some 
gallic acid separated. The mixture was filtered, the filtrate poured 
on ice, and the white solid which separated was collected, washed, 
and crystallised from hot water; the yield was 10 grams. On 
recrystallisation from a mixture of acetone and chloroform, it 
separated in double pyramids melting at 210—212° (Found: 
Cl=35°55. C,H;O;Cl, requires Cl=35-54 per cent.). 

The triacetyl derivative was prepared by the aid of acetic 
anhydride in the presence of a few drops of concentrated sulphuric 
acid. It crystallised from absolute alcohol in white, lustrous, silky 
needles melting at 172° (Found: Cl=25°12. C,;H,,O,Cl, requires 
Cl= 25-02 per cent.). . 

Hydrolysis of these substances did not lead to definite results. 
When treated with an alkaline solution, the former darkened at 
once, and no new substance could be isolated from the solution. 
When it was heated with water in sealed tubes, part was unchanged 
and part was converted into tarry products. No better result was 
obtained by heating the substance with water and lead oxide or 
with water and potassium hydrogen sulphate. 


Lactone of 7:8-Dihydrory-2 : 4-bistrichloromethyl-6-B-trichloro- 
a-hydrozyethyl-1 : 3-benzdioxine-5-carborylic Acid (IV, p. 203). 


Gallic acid (24 grams), chloral hydrate (40 grams), and sulphuric 
acid (200 c.c. of 94—95 per cent.) were mixed together, when the 
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wlids dissolved. After about twenty-four hours, a gelatinous 
nass separated, floating on the surface of the liquid, the amount of 
thich increased in course of time. On the fourth day, the solution, 
together with the floating mass, was poured on ice, when a white 
glid separated, which was collected, washed with water, and dried 
m porous tile; the yield of the crude product was 40 grams. It 
aystallised from either methyl! alcohol or ethyl alcohol in trans- 
parent, stout plates containing alcohol of crystallisation. It 
dioresced at the ordinary temperature, lost alcohol com- 
pletely at 1OO—-110°, and then melted and decomposed at 277—-279° 
(the melting point being determined quickly) (Found: MeOH= 
1000. CysH;O,Cl,2MeOH requires MeOH=10-00 per cent. 
ROH=13°62. C,,;H,O.,Cl,2EtOH requires EtOH=13°76 per 
ent. Cl=55°56. C,,H,O,Cl, requires Cl=55°43 per cent.). 

Disodium Compound.—The substance was dissolved in very dilute, 
wld sodium hydroxide solution, and to this a concentrated solu- 
tion of the alkali was added. A yellow sodium compound 
eparated, which was collected, washed with a small amount of 
water, and then crushed on a porous tile (Found: Na=7-47. 
(5H,0,Cl,(ONa), requires Na=7-42 per cent.). 

Dipotassium Compound.—A yellow potassium compound was 
obtained in the same manner as the sodium compound (Found: 
K=11'76. C,,;H,0,Cl,(OK), requires K=11-96 per cent.). 

Dimethoxy-derivative.—The substance (5 grams) was dissolved 
in methyl sulphate (20 c.c.) with heating To this, a solution of 
potassium hydroxide was added, when a vigorous reaction took 
place, which was checked by cooling. Addition of the alkali was 
ontinued until the solution was faintly alkaline. A brown, 
andy material separated, which was collected and dried. It 
crystallised from glacial acetic acid in colourless, prismatic needles, 
and, after recrystallisation from acetone, melted at 192—193° 
(Found: Cl=52-80. C,,H,O,Cl, requires Cl=52-85 per cent.). 

The diacetyl derivative was prepared by means of acetic 
athydride in the presence of a few drops of concentrated sulphuric 
aid. It crystallised from glacial acetic acid in clusters of pris* 
matic needles, and, when recrystallised from absolute alcohol, 
melted at 217—219° (Found: Cl=48°31. C,,H,O,Cl, requires 
(l=48°37 per cent.). 

Dibenzoyl Derivative-—The substance (2 grams) was dissolved 
in benzoyl chloride (10 oc.) with heating. To this, a slight excess 
of sodium hydroxide solution was added, when a vigorous reaction 
took place and an oil separated, which solidified when treated with 
water. When crystallised from glacial acetic acid and then from 
absolute alcohol, it formed slender, prismatic needles melting at 
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234—236° (Found: Cl=40°5. C,7H,30,Cl, requires Cl=40°7 pe 
cent.). 


Lactone of 7: 8-BBB-Trichloroethylidenediozxy-2 : 4-bistrichloro. 
methyl - 6-BBB-trichloro-a-hydroxyethyl -1 : 3 - benzdioxine-5. 
carboxylic Acid (V, p. 203). 


Gallic acid (20 grams), chloral hydrate (60 grams), and sulphuric 
acid (250 cc. of 94—96 per cent.) were mixed together, and, o 
vigorous shaking, most of the solid dissolved. The impurities were 
filtered off. During the course of three days, a solid separated, 
which was collected, and dried on porous tile. The dried material 
contained a quantity of the substance IV, which was removed by 
extracting the material thrice with acetone. The yield of the 
insoluble product was 10 grams. 

It is an amorphous powder insoluble in most organic liquids. 
It begins to char at about 250°, and, when quickly heated, melts 
at 268—270° (Found: Cl=64°3. C,;H,O,Cl,. requires Cl=603 
per cent.). 


6-Methyl-2 : 4-bistrichloromethyl-1 : 3-benzdioxine-8-carborylic Acid 
(VII, p. 204). 

p-Cresotic acid (20 grams), chloral hydrate (40 grams), and 
sulphuric acid (150 c.c. of 98—-100 per cent.) were mixed together. 
On vigorous shaking and slight warming, the solids dissolved. 
After five days, the solution was poured on ice, when a yellowish- 
white solid separated, which was collected, washed with water, and 
dried. The product was a mixture of the condensation product 
and unaltered p-cresotic acid. The latter was removed by grind 
ing the material with a small quantity of absolute alcohol, 
in which the cresotic acid was extremely soluble, and the 
derivative sparingly so; the yield was 20 grams. The substance 
was sparingly soluble in most organic solvents; from acetone it 
crystallised in fine, snow-white needles melting and decomposing at 
285—286° (Found: Cl=49°7. C,,H,0,Cl, requires Cl=49-9 pet 
cent.). 

Sodium Salt.—The substance was dissolved in dilute sodium 
hydroxide solution, and to this a concentrated solution of the alkali 
was added, when a white, crystalline sodiwm salt was obtained 
(Found: Na=5-29. C,.H,O,Cl,Na requires Na=5-11 per cent.). 


4-Hydrozy-5-BB-dichloroethyl-m-toluic Acid (VIII, p. 204). 


The substance (VII) (2 grams) and glacial acetic acid (40 c.c.) 
were boiled together, but the solid did not dissolve completely. 
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fo the hot mixture, zinc dust (10 grams) was added in small 
mounts, when a vigorous reaction took place, and the undissolved 
saterial dissolved freely. Heating was continued for about an 
jour, after which time water (60 o.c.) was added, and the mixture 
wiled for fifteen minutes more. The hot solution, having been 
iitered, gave, on cooling, white, needle-shaped crystals, which, 
shen recrystallised from benzene, melted at 205—207° (Found: 
=28°8. C,H 0;Cl, requires Cl=28°5 per cent.). 

The calcrwm salt is characteristic. It crystallises in slender, 
jistening needles (Found: H,O=11'7. C,H,,0,Cl,Ca,4H,O 
requires H,O=11-9 per cent.). The anhydrous salt was also 
malysed (Found: Ca=7:53. Cy )H,g0,Cl,Ca requires Ca=7°48 
yer cent.). 


6-Hydroxy-5-carboxy-m-tolylacetic Acid (IX, p. 204). 

The substance just described (2 grams) and potassium hydroxide 
(10 grams) were fused together in a nickel crucible at 250—260° 
for about half an hour. The product was dissolved in water and 
acidified, when brown-coloured needles were obtained. From 
acetic acid, it crystallised in white, soft needles melting and decom- 
psing at 257° (Found: C=57'3; H=4'9. C,)H,O,; requires 


(=57'1; H=4°8 per cent.). 
The silver salt was prepared (Found: Ag=50°8. C,,H,O,Ag. 


requires Ag=50-9 per cent.). 


BBB-Trichloro-4 : 4!-dihydroxy-aa-di-m-tolylethane-5 : 5!- 
dicarboxylic Acid (XI, p. 204). 


o-Cresotic acid (5 grams), chloral hydrate (5 grams), and 
sulphuric acid (50 c.c. of 94—-95 per cent.) were mixed together, 
when the solids dissolved easily. After three days, the solution 
was poured on ice, when a white solid separated, which was 
wllected, washed with water, and dried on a porous tile; the yield 
of the crude product was 7 grams. It was sparingly soluble in most 
organic solvents, and separated from glacial acetic acid as a white, 
microcrystalline powder melting and decomposing at 283—285° 
(the melting point being determined quickly) (Found: Cl=24-32. 
CsH,,0,Cl, requires Cl=24°55 per cent.). 

The calcium salt was prepared (Found: Ca=8'3. 
requires Ca=8°5 per cent.). 


MapHAvLAL RANCHHODLAL ScrENCE INSTITUTE, 
AHMEDABAD, INDIA. (Received, November 27th. 1920.| 
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XXIV.—Studies in Substituted Quaternary Azonium 
Compounds containing an Asymmetric Nitrogen 
Atom. Part IV. Additive Compounds 
Thiocarbamide with Azonium Todides. 


By Bawa Kartar Sineu and Mrrr Lat. 


Tue object of this investigation was to determine the ratio in which 
thiocarbamide unites directly with substituted quaternary azonium 
iodides of different constitution. 

Werner and Atkins (T., 1912, 101, 1988) found that whilst the 
simplest ammonium bases and primary amines form tetrathio- 
carbamide derivatives, the tertiary amines and quaternary 
ammonium bases appear always to produce dithiocarbamide 
compounds. 

The substituted quaternary azonium iodides also form dithio 
carbamide derivatives, thus resembling the quaternary ammonium 
compounds in their capacity to yield additive compounds with 
thiocarbamide. 

Exceptions to the above rule are found in phenylbenzylallyl. 
azonium iodide, which forms a monothiocarbamide compound, and 
the phenyldimethyl and phenyldiethyl compounds, which do not 
unite at all with thiocarbamide. 

The thiocarbamide additive compounds described below have 
comparatively high melting points, which seems to imply increased 
stability of both thiocarbamide and azonium iodides in these sub- 
stances. The azonium iodides have comparatively low decom 
position temperatures. 


ExPERIMENTAL. 


Preparation of Additive Compounds of Thiocarbamide and 
Azonium Todides. 


The general method adopted at first in the preparation of these 
compounds consisted in mixing hot alcoholic solutions of thiocarb- 
amide and azonium iodides. On cooling, the additive compoun¢ 
separated, and was purified by recrystallisation from alcohol. 
Better yields and purer products, however, were obtained by heat 
ing a concentrated alcoholic solution of the components containing 
an excess of thiocarbamide. The solution was cooled and then 
filtered. To the filtrate, alcohol-free, dry ether was added, which 
precipitated the compound. 
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The azonium iodides used were prepared and purified according 
to methods already described (Singh, T., 1913, 103, 604; 1914, 
105, 1972; 1920, 117, 1202). 

The results obtained are given below. 

Thiocarbamide and Phenylmethylethylazonium lodide.—This 
empound forms fine, silky needles melting at 192—193° (Found: 
[=30°24, 29°7. PhMeEt{[NH,jNI,2CH,N,S requires [=29-54 per 
cent.). 

Thiocarbamide and Phenylbenzylmethylazonium TIodide.——The 
additive compound was obtained as a white, crystalline substance 
melting at 211° (Found: I=25°68, 26°06. 

Ph[CH,Ph|Me{NH,|NI,2CH,N.S 
requires 1=25-81 per cent.). 

Thiocarbamide and Phenylbenzylpropylazonium Llodide.—The 
double compound was obtained as a white, crystalline substance 
melting at 180—181° (Found: I[=24-72, 24°28. 

Ph[{CH,Ph]Pr[NH,|NI,2CH,N.S 
requires I=24°42 per cent.). 

Thiocarbamide and Phenylbenzylallylazonium lodide—This 
compound forms fine, silky needles melting at 187-—-188° (Found: 
[=28'41. Ph{CH,Ph][C,H,;|[NH,|NI,CH,N.S requires 1=28°73 
per cent.). 

It is noteworthy that phenyldimethylazonium iodide and phenyl- 
diethylazonium iodide do not give any compounds with thiocarb- 
amide, though in each case the azonium iodide was boiled with 
varying proportions of thiocarbamide in alcoholic solution. This 
may be due to the presence of two like alkyl radicles in the 
azonium iodides. Werner and Atkins (Joc. cit.) also found that 
tetramethylammonium iodide does not exhibit any tendency to 
unite with thiocarbamide. 

The iodine was estimated in all the above compounds by boiling 
with an excess of iron alum and dilute sulphuric acid, and 
titrating the liberated iodine with a standard solution of sodium 
thiosulphate. 


Tue CHemicaL LABORATORY, 
GOVERNMENT COLLEGE, LAHORE, 
Pongas, Inpta. [Received, January 20th, 1921.] 
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XXV.—Condensation of p-Nitrobenzyl Chloride with 
Nitroso-compounds. A New Mode of Formation 


of N-Oximino-ethers. 


By Frep Barrow and Evan Datton GRIFFITHS. 


During the course of an investigation on the action of alcoholic 
potassium hydroxide on p-nitrobenzylidene chloride, it was found 
by one of us that this substance and p-nitrobenzyl chloride readily 
undergo condensation with aromatic aldehydes, under the influence 
of the condensing agent, with the formation of derivatives of 
stilbene oxide. Thus, for example, p-nitrobenzylidene chloride con- 
denses with p-nitrobenzaldehyde, yielding a-chloro-pp’-dinitro- 
stilbene oxide (1), whilst p-nitrobenzyl chloride gives rise to two 
stereoisomeric, cis- and trans-, pp'-dinitrostilbene oxides (II). 


NO,°C,H,°CCl NO,"C,H CH 
NO,*C,H,CH>? NO,*C,H,CH>? 
(r) (I1.) 

In view of the remarkable ease with which these condensations 
take place, a study of the behaviour of the nitro-substituted benzyl- 
idene and benzyl chlorides towards other classes of compounds con- 
taining an unsaturated group is being undertaken by the authors, 
and in the present communication the interaction of p-nitrobenzyl 
chloride with aromatic nitroso-compounds is described. It has 
been found that nitrosobenzene, and also the p-nitroso-derivatives 
of the mono- and di-alkylanilines, readily condense with p-nitro- 
benzyl chloride in the presence of alcoholic potassium hydroxide, 
yielding \-aryl ethers of p-nitrobenzaldoxime, thus: 

NO,°C,H,°CH,Ci + NPh:O = HCl + NO,°C,H,-CH:NPh:O. 

The constitution of these condensation products was first estab- 
lished by the investigation of the behaviour of the V-phenyl ether 
prepared from p-nitrobenzyl chloride and nitrosobenzene, towards 
hydrochloric acid. When heated with concentrated hydrochloric 
acid, the phenyl ether is rapidly hydrolysed to p-nitrobenz 
aldehyde and p-chloroaniline. The initial products of the hydro 
lysis evidently consist of the aldehyde and f#-phenylhydroxyl- 
amine, the latter compound being subsequently converted into 
p-chloroaniline by the further action of the hydrochloric acid: 


NO,*C,H,-CH:NPh:O0 —> 
NO,°C,H,-CHO +C,H,-NH-OH —> C,H,Cl:NH). 
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Further evidence as to the constitution of these condensation 
goducts is furnished by the direct synthesis of the V-phenyl] ether, 
i the interaction of @phenylhydroxylamine and p-nitrobenz- 
idehyde in alcoholic solution : 

NO,"C,H,-CHO + NHPh-OH —> H,0+ NO,°C,H,-CH:NPh:O. 

It has been shown by Semper and Lichtenstadt (Ber., 1918, 51, 
8) that the N-methyl ether of phenyl p-tolyl ketoxime exists in 
two stereoisomeric forms, corresponding with the syn- and anti- 
nodifications of the oxime. 

In view of the existence of these isomerides, and also of the 
simultaneous formation of cis- and trans-pp'-dinitrostilbene oxides 
ly the condensation of p-nitrobenzyl chloride with p-nitrobenz- 
idehyde, the crude N-p-dimethylaminophenyl ether, prepared 
fom p-nitrobenzyl chloride and p-nitrosodimethylaniline, was sub- 
nitted to a careful fractional crystallisation from alcohol in order 
to ascertain whether stereoisomeric ethers are formed in this con- 
jnsation, but no evidence of the existence of a second isomeride 
vas obtained. 

The interaction of p-nitrobenzyl chloride with nitroso-compounds 
isanalogous to that of the aliphatic diazo-compounds described by 
Staudinger and Miescher (Helv. Chim. Acta, 1919, 2, 554), who 


N 
have shown that diazo-compounds of the type icc, readily 


ract with nitrosobenzene and its derivatives, yielding N-oximino- 
ethers. 

Attempts to condense p-nitrobenzyl chloride with nitrosoamines, 
NRR'-NO, were unsuccessful, the nitrosoamine being recovered 
wehanged, whilst the p-nitrobenzyl chloride was converted by the 
iléoholic potassium hydroxide into pp/-dinitrostilbene. 

The reaction described in the present communication is being 
extended to other nitro-derivatives of benzyl chloride. It has also 
been found that aromatic chloro-ketones of the types CH,Cl-COR 
aid CHRCI-COR- react with nitroso-compounds, yielding 
V-oximino-ethers. 


ExPERIMENTAL. 
p-Vitrobenzaldoxime-N-phenyl Ether, NO,*C,H,-CH:NPh:O. 


Equimolecular proportions of p-nitrobenzyl chloride (8°6 grams) 
and nitrosobenzene (5-4 grams) were dissolved in the minimum 
amount of alcohol at the ordinary temperature, and the solution 
treated with one and a-half times the theoretical amount of 
potassium hydroxide (4:2 grams) dissolved in methyl alcohol 
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(30 c.c.). On the addition of the alkali, the colour of the solution fite- 


rapidly changed from green to light reddish-brown, and the 
oximino-ether separated in the form of a yellow, crystalline powder. 
After remaining for one hour at the ordinary temperature, this 
was filtered, freed from potassium chloride by washing with water, 
and crystallised from alcohol. 

p-Vitrobenzaldoxime-N-phenyl ether crystallises in small, slender, 
pale yellow leaflets, which melt at 182° (Found: C=6446. 
H=4:29; N=11°50. C,,H,O,;N, requires C=64°46; H=4'13. 
N=11-57 per cent.). It is very readily soluble in chloroforn, 
moderately so in alcohol and benzene, and almost insoluble in 
ether and light petroleum. F 

Hydrolysis.—The N-phenyl ether (4 grams) was heated for half 
an hour with concentrated hydrochloric acid (30 c.c.), and, after 
cooling, the solid which separated was purified by crystallisation 
from dilute alcohol, and then from water. It crystallised in almost 
colourless needles melting at 106°, and was identified as p-nitro 
benzaldehyde. The acid solution, from which the p-nitrobenz- 
aldehyde separated, was extracted with ether, and then rendered 
alkaline by the addition of sodium hydroxide. The base thu 
liberated gave with acetic anhydride an acetyl derivative melting 
at 175°, which was identified as p-chloroacetanilide. 


Condensation of p-Nitrobenzaldehyde and B-Phenylhydrozylamime. 


For the purpose of comparison, p-nitrobenzaldoxime-\-pheny! 
ether was prepared by the condensation of p-nitrobenzaldehyde 
and 8-phenylhydroxylamine. 

Equimolecular proportions of the two components welt 
separately dissolved in alcohol, and, after mixing, the solution was 
heated for half an hour on the water-bath. The solid which 
separated crystallised from alcohol in pale yellow leaflets melting 
at 182°, and was identical with the V-phenyl ether obtained by 
the condensation of p-nitrobenzyl chloride and nitrosobenzene. 


p-Nitrobenzaldoxime-N-p-dimethylamino phenyl Ether, 
NO,°C,H,-CH:NO-C,H,-NMe.. 


28°6 Grams of p-nitrobenzyl chloride and 25 grams of p-nitrose- 
dimethylaniline were dissolved in the minimum amount of alcohol 
at the ordinary temperature, and to the solution was added the 
theoretical amount of potassium hydroxide (9°3 grams) dissolved 
in methyl alcohol (66 c.c.). On the addition of the alkali, the 
colour of the solution rapidiy changed from green to dark chow#: 
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, and the oximino-ether separated in the form of a 
ownish-red powder. After one hour, this was filtered, washed 
§sth water, and purified by crystallisation from a mixture of equal 
mrts of pyridine and alcohol, the yield being 33°5 grams. 

The N-p-dimethylaminophenyl ether crystallises in chocolate-red 

yedles melting at 201°, and forms a yellow hydrochloride and 
Asulphate (Found: C=63°09; H=5°20; N=14-58. C,;H,;0;N; 
Brequires C=63°15; H=5°26; N=14'74 per cent.). It is readily 
‘Buluble in chloroform and pyridine, sparingly so in benzene and 
‘Micohol, and practically insoluble in light petroleum and ether. 
When heated with concentrated hydrochloric acid, it readily under- 
yes hydrolysis, with the formation of p-nitrobenzaldehyde. 


p-Nitrobenzaldozwme-N-p-diethylaminophenyl Ether, 
NO,°C,H,-CH:NO-C,H,NEts. 


This was prepared from p-nitrosodiethylaniline and p-nitro- 
.Menzy| chloride in a similar manner to that described above, and 
purified by crystallisation from a mixture of equal parts of pyridine 

sand alcohol. It crystallises in large, lustrous, bright crimson 
ing@leaflets, which melt at 167°, is readily soluble in pyridine and 
‘Bdbroform, but only sparingly so in alcohol and benzene (Found: 
(=64:99; H=6°01; N=13°34. C,,H,;,O,N, requires C=65°17; 
H=6:07 ; N=13°42 per cent.). 


p-Vitroben zaldoxime-N-p-di-n-propylaminoph enyl Kther, 
NO,°C,H,-CH:NO-C,H,-NPr-s. 


This compound is obtained in a similar manner from p-nitrosodi- 
propylaniline, and separates from alcohol in felted, slender, dark 
‘@timson needles melting at 135—138° with previous softening at 


m0? (Found: N=12°31. C,gH,sO,N, requires N =12-32 per cent.). 


lt is much more readily soluble in the common solvents than the 
iimethylaminopheny! ether. 


p-Nitrobenzaldoxime-N-p-ethylaminophenyl Ether, 
NO,°C,H,-CH:NO-C,H,-NHEt. 


The condensation of p-nitrosoethylaniline, prepared by Fischer 
‘gud Hepp’s method (Ber., 1886, 19, 2993), with p-nitrobenzyl 
thloride was carried out at 45°, the reaction proceeding only 
lowly at the ordinary temperature. 

The p-ethylaminophenyl ether crystallises from benzene in deep 
timson needles melting at 168° (Found: C=63-°08; H=5'25; 
N=14'53. C,,H,,0,N, requires C=63°15; H=5-26; N=14-74 
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per cent.). It is readily soluble in alcohol and chloroform, less » 
in benzene, and only very sparingly so in ether and light 
petroleum. 


p-Nitrobenzaldoxime-N-p-nitrophenyl Ether, 
NO,°C,H,-CH:NO-C,H,-NO,. 


The p-nitronitrosobenzene required for the preparation of this 
compound was obtained by the addition of the calculated amount 
of Caro’s acid to a well-cooled solution of p-nitroaniline in con 
centrated sulphuric acid, and was separated from the accompany. 
ing p-dinitrobenzene by fractional distillation in steam (compar 
Bamberger, Ber., 1903, 36, 3808). The product resulting from the 
condensation of the nitroso-compound with p-nitrobenzyl chloride 
consisted of a mixture of the oximino-ether and pp’-dinitrostilbene, 
which was readily separated by taking advantage of the sparing 
solubility of the latter compound in alcohol. 

The p-nitrophenyl ether separates from alcohol in the form of: 
pale yellow, crystalline powder, which melts at 186° (Found: 
N=14'54. C,;H,O;N, requires 14°63 per cent.). It is readily 
soluble in chloroform, moderately so in alcohol and benzene, aniff 
insoluble in ether and light petroleum. 


CHEMISTRY DEPARTMENT, 
BIRKBECK COLLEGE. [Recetved, January 27th, 1921.) 


XXVI.—The Oxidation of Carbazole. 


By Witi1am Henry PERKIN, jun., and Stantey Horwoop Tucsm 


Fission of the rings of carbazole by oxidation methods has bee 
attempted by several investigators. Graebe and Glaser (Ber. 
1872, 5, 12) found that chromic acid in glacial acetic acid solutia 
reacted very vigorously with carbazole, but the product isolate 
from the reaction mixture contained chromium, and was ni 
identifiable. It is noteworthy that Branch and Smith (J. Ame 
Chem. Soc., 1920, 42, 2405) * obtained, by the oxidation of carb 


* The results contained in the following communication were reported 
the Department of Scientific and Industrial Research in October, 1919. Tl 
above-mentioned paper by Branch and Smith made it advisable to publi! 
an account of our experiments, although they are at present somewlt! 
incomplete. 
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The only instance of ring-rupture in the carbazole molecule is 
that recorded by Padoa and Chiaves (Atti. R. Accad. Lincei, 1908, 
iv], 16, ii, 762), who found that 2:3-diethylindole is produced by 
heating carbazole with nickel in an atmosphere of hydrogen under 
pressure. 

Wieland and Gambarjan (Ber., 1906, 39, 1506) stated that 
carbazole was unaffected by shaking in benzene solution with lead 
[peroxide, and also that a cold 3 per cent. solution of potassium 

permanganate in acetone had similarly no action on carbazole. 

We find, however, that when finely divided potassium perman- 
ganate is added to a hot solution of carbazole in pure acetone, a 
vigorous reaction sets in, and from the reaction mixture three pro- 
ducts have been isolated: two well-defined, crystalline compounds 
Belting, respectively, at 220—-221° and 265°, and an amorphous 
substance. The amorphous substance, which is the main product 
of the oxidation, has not yet been analysed. It is evidently of 
high molecular weight, since it cannot be distilled. The two 
Bcrystalline compounds, which we distinguish provisionally as (A) 
and (B), both possess the formula C,,H,,N,, and are undoubtedly 
isomeric dicarbazyls, analyses and molecular-weight determinations 
by the cryoscopic method in the solvents benzene and naphthalene 
being in complete support of this formula. 

There is no indication at present that either a benzene ring or 
the pyrrole ring of the carbazole molecule can be opened by oxida- 
tion methods. During our oxidation experiments, carried out on 
a large scale, no amino-acids could be detected by means of the 
copper or lead salts. 

Dicarbazyl (A), m. p. 220—221°, crystallises from benzene in 
large crystals, which evidently contain benzene of crystallisation, 
fg and these, when exposed to the air, fall to powder. It crystallises 
particularly well from acetone, and the measurement of the crystals 
thus obtained is described on p. 222. 

Dicarbazyl (B), m. p. 265°, crystallises from a mixture of 
‘Bcetone and benzene in minute, glistening crystals, which are not 

suitable for measurement. 

Carbazole fused with anhydrous oxalic acid gives a melt which 
8 first green and finally becomes blue. This “carbazole-blue” 
test, when applied to dicarbazyl (A), of melting point 220°, gives 
a distinctly green melt, which turns blue; but the isomeride (B), 
melting at 265°, gives only a faintly blue melt, different in tint 
‘rom the above. 

lt is remarkable that neither of these two substances forms a 
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picrate, for carbazole and its homologues combine readily with 
picric acid. 

The behaviours of the dicarbazyls (A) and (B) towards concen. 
trated sulphuric acid are characteristic, and different from that 
given by carbazole. Both react with nitric acid to give yellow 
nitro-derivatives, and are violently attacked by bromine. 

Three possible types of isomeric dicarbazyls may be distinguished, 
namely : 

(1) VN-Dicarbazyl, in which the linking of the carbazyl radicles 
is effected through nitrogen. There is only one possibility in this 
case, namely, the x formula, 


won (\O eT 
6 AA) 


(2) CC-Dicarbazyls, in which the union of the carbazyl radicles 
is attained through carbon. In this class there are several possible 
modes of linking, but the two most probable are represented by 
(I) and (II), since in the carbazole molecule the hydrogen atom: 


Ovenevenevenees 


AAS K AY AN\ZNZ VAX 
NH NH 


3: 3’-Dicarbazyl. 1; 1’-Dicarbazyl. 
(I.) (II.) 
in the positions 3 and 1 are the most reactive, and hydrogen in 
position 3 is more reactive than hydrogen in position 1. 
(3) CN-Dicarbazyls, in which the carbon of one carbazyl radicle 
is linked to the nitrogen of the other, for example, formula (III). 


Cue 
al ) J 
MY) QO. 
VY / vy, 4 VY VANZ 
NH NH 
(I1I.) (IV.) 
Relevant to the discussion of the constitution of the dicarbazyls 
is the observation of Wieland (Ber., 1913, 46, 3300) that, by the 
oxidation of diphenylamine with sodium dichromate in glacial 


acetic acid solution in the presence of sulphuric acid, dipheny!- 


benzidine (IV) is obtained. 
The behaviour of carbazole under these conditions is being 


investigated. 
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It is probable that the two modifications of dicarbazyl obtained 
under the conditions described in this research are not the first 
products of the oxidation of carbazole. It is well known that the 
hydrogen atoms in positions 1 and 3 in carbazole are particularly 
susceptible to substitution, and several instances of wandering to 
these positions of groups attached to the nitrogen atom of the 
imide group have been observed. Thus, H. Schott (D.R.-P. 
134983, 1901) has shown that W-nitrosocarbazole is converted into 
3-nitrosocarbazole when it is dissolved in glacial acetic acid and 
the solution treated with concentrated hydrochloric acid. Again, 
Ciamician and Silber (Gazzetta, 1882, 12, 272) have found that, 
uder certain conditions of temperature, the potassium salt of 
carbazole-V-carboxylic acid breaks down, and the carboxyl group 
wanders to one of the benzene rings, giving rise to carbazole-1- 
carboxylic acid. 

Wieland and Gambarjan (Ber., 1906, 39, 1503; Wieland, Ber., 
1913, 46, 3296) have, moreover, shown that in the preparation of 
diphenylbenzidine from diphenylamine by oxidation with sodium 
dichromate, as above mentioned, tetraphenylhydrazine, 

(CgH;)oN-N(C,Hs5)o, 
is first produced ; the sulphuric acid present then converts tetra- 


phenylhydrazine by intramolecular rearrangement into dipheny]l- 
benzidine. 

Hence the oxidation of carbazole may lead in the first place to 
the production of WV V-dicarbazyl, and this may then undergo intra- 


ie vii P id 

may iS ae ‘ 

Wa JZ \4\4\/4 
NH N 


molecular change, with subsequent formation of the dicarbazyls 
(A) and (B). 

Wieland and his collaborators (Ber., 1906, 39, 1506; Annalen, 
1912, 392, 184) have attempted, without success, to prepare 
YN-dicarbazyl (named by Wieland and his collaborators “ bis- 
diphenylen-hydrazin’’). There is no evidence to show that this 
compound has been prepared, or that it is even capable of exist- 
ence; nor is there any evidence that any dicarbazyl had been pre- 
pared before the publication of the present investigation. 

At the present stage of this research, it is not possible to say 
to which type or types the two crystalline dicarbazyls which we 
have isolated belong, except that one of them must belong to type 
lor III. With the object of testing whether either compound 
was the hydrazine, attempts were made to reduce these two 
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substances, but without success. It was to be expected that the 
hydrazine, WN-dicarbazyl, would readily reduce to carbazole. 
Practical exigencies, for example, sparing solubility of these two 
compounds in alcohol, glacial acetic acid, and other solvents, have 
given rise to difficult experimental conditions, and the question is 
being further investigated. 

Attempts to acetylate the two crystalline dicarbazyls (A) and 
(B) have met with only partial success. Both compounds crystal. 
lise unchanged from acetic anhydride, but when boiled with excess 
of anhydride in the presence of a catalyst (for example, a trace of 
concentrated sulphuric acid, zine chloride, potassium hydrogen 
sulphate, etc.), the solution darkens, and, on addition of water, 
substances are precipitated which are in part soluble in hot 
alcohol. The investigation of these alcohol-soluble products is in 
progress. Acetyl chloride and benzoyl chloride appear to have 
merely a solvent action, but this behaviour cannot be taken as 
proof of the absence of the imide group in these dicarbazyls, since 
carbazole itself reacts only imperfectly with these reagents. 


EXPERIMENTAL. 


Oxidation of Carbazole with Potassium Permanganate m 
Acetone Solution.—To a boiling solution of 100 grams of carbazole 
in 700 grams of pure acetone are added 100 grams of finely 
powdered potassium permanganate in two portions of 50 grams 
each. [The acetone was purified by boiling with excess of 
potassium permanganate until the purple colour persisted, and 
was then distilled from the mixture.] On addition of the first 
50 grams, a vigorous reaction sets in, and continues for about 
three to five minutes; the permanganate colour will then have 
practically disappeared. The remaining 50 grams of potassium 
permanganate are now added to the acetone solution, and the 
whole boiled vigorously on the water-bath, with occasional shaking, 
until the pink colour is discharged, which is the case in about one 
hour. After filtering from the brown manganese precipitate, the 
faintly pink filtrate commences at once to deposit a small quantity 
of a white, pasty precipitate, which soon becomes crystalline. The 
manganese precipitate is washed with hot acetone, the residue is 
returned to the flask, and extracted twice with boiling acetone 
(about 400 grams each time). The united acetone filtrates, which 
exhibit a deep violet fluorescence, are now evaporated. 

The manganese precipitate was extracted twice with benzene, 
but yielded only 1—2 grams of syrup, and this was added to the 
acetone extract. In order to determine whether any other sub- 
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¢ances, such as amino-acids, had been formed during the oxida- 
tion, the residue in one case was extracted several times with boil- 
ing water until the filtrate was nearly neutral. The united filtrates 
were rendered slightly acid with acetic acid, the liquid heated to 
piling, filtered from a slight amount of a dirty brown precipi- 
tate, and solutions of copper acetate and of lead acetate added to 
portions of the filtrate, but no copper or lead salts of organic acids 
separated . 

Some of the manganese residue was mixed into a paste with 
water, and sulphur dioxide gas passed until the manganese had 
lissolved, but only a slight amount of a dirty brown precipitate 
separated . 

Examination of the Acetone EHxtract.—The brown oxidation 
mass, obtained as described above, which weighs 110 grams, is dis- 
slved in boiling benzene. The deep red-coloured liquid, which 
ahibits a violet fluorescence, deposits white crystals on keep- 
ing. These are washed with a little cold benzene. The 
aystals melt at 210°, with evidence of softening at 200°, and 
weigh 24 grams. This substance (called dicarbazyl A) is first 
recrystallised from benzene, and finally twice from acetone, and is 
thus obtained in large crystals (20 grams) melting at 220—-221° 
(224—225° corr.). 


The combined mother liquors of dicarbazyl (A) are mixed with 
twice the volume of acetone, and the solution so obtained is allowed 
to remain several days. A white, microcrystalline substance 


dicarbazyl B), about 5 grams, gradually separates, and melts at 
about 252°, but after recrystallisation at 265° (270° corr.). From 
the acetone—benzene filtrate the excess of acetone is distilled off, 
ad to the residual liquor sufficient alcohol (97 per cent.) is added 
to cause a slight precipitation. The mixture is then poured into 
warm alcohol, when a pink, pasty mass separates, which, on stirring 
rigorously, disintegrates into a faintly pink, flocculent substance. 
The suspension in alcohol is allowed to remain twenty-four hours, 
ollected, ground up with a further quantity of alcohol, again 
wllected, and washed. The dried mass weighs 70—75 grams, and 
uelts at about 175—200°, and is conveniently designated (C). 

All efforts to improve the yields of the two crystalline products 
ave been unavailing. The use of a smaller quantity of acetone 
auses the potassium permanganate to cake and become coated 
ith manganese oxides. On the other hand, the addition of larger 
qlantities of acetone has no beneficial result. The employment of 
larger quantity of permanganate also does not improve the yield, 
hilst if a less amount is used, unchanged carbazole remains. 
Eramination of Dicarbazyl (A), melting at 220—221°.— 
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This substance separates from benzene in fine, large crystals, but 
when these are removed from the solution and exposed to the 
air, they at once commence to become opaque at the ordinary 
temperature, and do so more rapidly in the steam-oven, falling 
to a white powder. The melting point is unaltered by this change, 
which indicates that dicarbazyl (A) crystallises with benzene of 
crystallisation. Apparently the substance crystallises from 
toluene and xylene without added solvent (Found: C=867;§) 
H=49; N=84. C,,H,,N, requires C=86'7; H=4:8; N=8-4 per 
cent. ). 

Dicarbazyl (1) is soluble in acetone, but not as easily as in 
the other solvents just mentioned. The solution in acetone 
exhibits a pale violet fluorescence, and deposits large crystals 
possessing a faint, steel-blue tint. It is soluble with difficulty in 


Dicarbazyl (A). 


alcohol and in glacial acetic acid, but easily so in nitrobenzene 
and in naphthalene. 

On account of the peculiar behaviour of dicarbazyl (A) towards 
benzene, the molecular weight was determined in naphthalene by 
the cryoscopic method, and gave M=336 and 327. C.yHy\; 
requires M=332. 

The crystallographic examination of dicarbazyl (A), melting at 
220—221°, was kindly carried out by Miss M. W. Porter, with the 
following result : 

The crystals from acetone are orthorhombic, and show the follow- 
ing two forms: m{110}, p{lll}. The habit is pyramidal, 4 
shown in the figure. 

The mean results of measurement for m{110} are: azimuth 
(¢)=60°2’, polar distance (p)—90°0’; for p{l111}: azimuth 
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()=60°1’, polar distance (p)=55°11/. Axial ratios: a:b:c= 
(5766 : 1 :0°7182. 

Several attempts were made to acetylate dicarbazyl (A), 
fr example, by dissolving the substance (0°5 gram) in acetic 
ahydride (4 c.c.) and boiling the solution for one hour. On 
oling, large crystals of unchanged substance (m. p. 219—220°) 
yparated, and on pouring the acetic anhydride filtrate into water 


‘7; Bbere was no further precipitate. 


Again, separate portions of 0-5 gram of substance were dis- 
wlved in 4 c.c. of acetic anhydride, and to these solutions were 
added (1) a drop of concentrated sulphuric acid, (2) 0°1 gram of 
fused potassium hydrogen sulphate, and (3) 01 gram of fused 
inc chloride, and the solution was in each case boiled for one 
hour. The solutions in experiments (1) and (3) darkened, but 
2) remained colourless, so the boiling was continued in this 
experiment for another two hours. No crystalline matter 
separated from the solutions on keeping, but when poured into 
water, (1) and (3) gave a pink solid and a considerable amount of 
iridescent scales. The addition of water to (2) brought about the 
precipitation of a white solid possessing a silky sheen. These pre- 
ipitates were soluble in alcohol, but were quite indefinite, and all 
{tempts to isolate any satisfactory product from any of them were 
usuecessful. 

Dicarbazyl (A) dissolves in cold concentrated sulphuric acid to 
a emerald-green solution, which, on warming, turns dirty green, 
ut addition of a drop of concentrated nitric acid to the solution 
i sulphuric acid turns the colour to a deep blue. 

The solution in toluene, treated with concentrated nitric acid 
im the cold and allowed to remain, deposits yellow crystals, which 
lo not melt at 330°. 

Bromine reacts violently with dicarbazyl (A), as it does with 
arbazole, but the products have not yet been investigated. 

When fused with anhydrous oxalic acid, dicarbazyl (A) yields a 
ltep green melt, which finally turns blue. 

No picrate could be obtained by treating either the benzene, 
stone, or alcoholic solution of dicarbazyl (A) with picric acid. 

If carefully heated, dicarbazyl (4) melts without decomposition, 
Nit finally chars, and gives a white sublimate different in appear- 
ie from the fluffy sublimate of carbazole. 

Eramination of the Dicarbazyl (B) melting at 265°.—Some 
tificulty was experienced in the isolation of this substance from 
‘crude material melting at 252° (see p. 221), but a pure pro- 
‘ict was obtained by dissolving the crude substance in hot benzene, 
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pouring into twice the volume of cold acetone, and allowing to 
remain until the fine, crystalline deposit had completely separated. 
Several repetitions of this process, followed by a crystallisation 
from acetone, in which the substance is only slightly soluble, gave 
small, bright, white crystals melting, without preliminary brown- 
ing, at 265° (270° corr.) to a clear, yellow melt, which almost 
immediately blackens. 

Subsequently, in an attempt to acetylate this dicarbazyl (B) by 
boiling with acetic anhydride, it was found that it crystallises well 
from this reagent, and the melting point may be raised in this 
way to 268° (273° corr.). Dicarbazyl (B) also crystallises from 
nitrobenzene, aniline, pyridine, toluene, and xylene (Found: 
C=86'7; H=4'8; N=8-1. The molecular weight by the cryo- 
scopic method in benzene gave M=330. CyHygNo requires 
C=86'7; H=4:8; N=8'4 per cent. Molecular weight =332.). 

Attempts to acetylate dicarbazyl (B) under a variety of conditions 
gave results very similar to those obtained in the case of dicarbazyl 
(A), and no definite product could be isolated in any case. 

Dicarbazyl (B) is insoluble in cold concentrated sulphuric acid, 
but, on warming, dissolves with a dull green colour, unaffected by 
the addition of a drop of concentrated nitric acid. 

Bromine reacts violently with the substance. Fusion of the 
substance (B) with anhydrous oxalic acid gives a faintly blue 
melt, different in tint from that of carbazole-blue. 

Attempts to prepare a picrate were unsuccessful. 

The Amorphous Substance (C).—All attempts to crystallise the 
flocculent, faintly pink material precipitated by addition of alcohol 
to the benzene filtrates of (A) and (B), as explained on p. 221, 
have proved futile. By several repetitions of this process, or ) 
the addition of alcohol to the ethereal solution, a cream-coloured 
amorphous powder having a peculiar silky sheen is obtained, but 
the amount is small. 

The substance (C’) is very soluble to red-coloured solutions it 
benzene, toluene, pyridine, chloroform, and in hot ethyl acetate 
it is also somewhat soluble in hot methyl and ethy] alcohols, glacis 
acetic acid, acetic anhydride, aniline, and ether, less so in acetone 
light petroleum, and in amyl alcohol; it is insoluble in dilutt 
sodium hydroxide, ammonium hydroxide, and _ concentrate! 
hydrochloric acid solutions. The substance (C) is precipitate 
from its solutions by alcohol, water, and by acetic acid. Crystal 
lisation could not be effected from any of these solvents or from 
mixtures of them. Soxhlet extraction experiments, using acetolt 
glacial acetic acid, and methyl alcohol, failed to separate any (0! 
stituent other than traces of the dicarbazyls (A) and (B). 
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As (C) could not be obtained in a sufficiently definite crystalline 
¢ondition, no further work has in the meantime been done with it. 

It dissolves in concentrated sulphuric acid with a green colour, 
and does not give a picrate. The substance reacts violently with 
bromine and readily with nitric acid to give yellow derivatives. 


Summary. 


By the action of potassium permanganate on carbazole in boil- 
ing acetone solution, three substances are produced: two crystal- 
line compounds, melting at 220—221° and at 265° respectively, and 
an amorphous substance. The two crystalline compounds are 
isomeric dicarbazyls, and combustion analyses and molecular weight 
determinations in naphthalene and in benzene show that they 
have the molecular formula C,,H,,No9. 

All three substances can be nitrated and brominated, and react 
under certain conditions with acetic anhydride. They do not 
form picrates. 


The authors desire to express their indebtedness to the Depart- 
ment of Scientific and Industrial Research for a grant which has 
enabled this research to be carried out, and also wish to thank 
Miss M. W. Porter and Mr. T. V. Barker for the crystallographic 
measurements contained in this paper. 
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XXVII.—-The Influence of Mercury, Sulphur, Arsenic, 
and Zine on the Catalytic Activity of Platinum. 


By Epwarp BRADFORD MAXTED. 


In a previous communication (T., 1920, 117, 1501), it has been 
shown that the inhibitive effect of varied proportions of lead on 
the catalytic activity of platinum is, within certain limits, directly 
proportional to the concentration of the inhibitant. In view of 
this result, and with the object of examining the general applica- 
bility and limits of a linear poisoning law, the work has now been 
extended to other inhibitants. 

In order to eliminate the necessity of obtaining the value repre- 
senting the activity of the catalyst from the equation to the absorp- 
tion curve by a process of differentiation, great care has been given 
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to the purity of all materials employed for the measurements, 
Absorption curves were thus obtained of the form which Armstrong 
and Hilditch (Proc. Roy. Soc., 1919, [A], 96, 137, 322) have 
recently shown to be typical of pure substances, this form being 
found also to be unaltered by the presence of inhibitants of the 
type studied. From these curves, the catalytic activity of the 
preparation could be read off directly without recourse to mathe- 
matical treatment. The conditions have thus been rendered more 
precise, and it has been possible to plot with considerable accuracy 
the form and limits of the poisoning curves. 

As before, the variation of the catalytic activity of the platinum 
has been followed by measuring its activity when employed for 
catalytic hydrogenation under standard conditions. In general, 
the existence of a linear poisoning law has been confirmed. The 
limits between which this holds would appear to be from a zero 
concentration of inhibitant up to a region in the neighbourhood 
of total extinction, where a point of inflexion occurs, from which 
the poisoning curve slopes far less steeply towards complete 
inactivity. The existence of this small residual activity, which 
is thus more resistant to the action of poisons than the main por- 
tion of the original activity possessed by the catalyst, is of con- 
siderable theoretical interest, and renders the poisoning curve 
somewhat analogous in form to that of the absorption curves 
themselves, in which the predominating linear portion is followed 
by a point of inflexion and a sudden decrease in the rate of 
absorption of gas. 


ExPERIMENTAL. 


The oleic acid, which was employed as a standard, unsaturated 
substance for measuring the catalytic activity of the various prepar- 
ations, was, owing to difficulties in obtaining supplies of acid of 
sufficient purity, prepared by shaking purest commercial olive oil 
with hot distilled water containing a small quantity of sodium 
hydroxide, as in the usual procedure for refining oils by means 
of alkali. The aqueous phase was rejected, and, after frequent 
washing with boiling water, the oil was dried and treated at 100° 
with fuller’s earth, the latter treatment being repeated several 
times. Hydrolysis was next effected in the usual manner by means 
of sodium hydroxide in dilute alcoholic solution, and the almost 
completely colourless, fatty acid obtained was, after renewed wash- 
ing with boiling water and subsequent drying in a current 
of nitrogen, found to be sufficiently free from impurities to give 
an absorption curve of the form described. In view of the 
requirements merely for a homogeneous, “ catalytically pure,” 
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unsaturated substance, it was not considered necessary to eliminate, 
by subsequent treatment, the small quantities of homologues of 
dleic acid which are present in olive oil, and consequently in the 
deic acid obtained. 

It was found possible to obtain both platinic oxide and glacial 
yeetic acid of sufficient purity, the properties of the solvent being 
found to be practically unaffected, from a catalytic point of view, 
by subsequent purification in the laboratory. 

In order to avoid the possibility of complications due to the 


200 
eae 


<j) 


a) 
v 
Co) 
~ 
i=) 
® 
=) 
im} 
4 
> 
3 
> 
~ 
> 
S 
© 


8 12 
Time in minutes. 


coagulation of a colloidal metal by electrolytes, the catalyst was 
employed in a non-colloidal form. The platinum was, however, 
in view of the greater susceptibility of catalysts of relatively high 
activity to the action of poisons, prepared in a condition as active 
as possible by carefully grinding the platinic oxide in an agate 
mortar, in order to expose a large catalytic surface, the subsequent 
reduction to metal being effected at a relatively low temperature. 


Form of the Absorption Curve. 


Previous to the recent work of Armstrong and Hilditch (loc. 
cit.), the course of the catalytic hydrogenation of liquids in the 
12 
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presence of unpoisoned catalysts had been supposed to follow the 
unimolecular law, any deviation from this being attributed to the 
presence of impurities. These investigators have shown that, with 
increasing purity of the reacting substances, absorption of hydrogen 
takes place more rapidly than is required by a unimolecular reac. 
tion, and that the true form for reactants in a state of purity 
is that to which reference has already been made. 

The present measurements, in the absence of catalyst poisons, 
confirm Armstrong and Hilditch’s observations, and the general 
form of the reaction curve would appear also to be unaffected by 
she presence of inhibitants of the nature studied, this being, hov- 
ever, not the case with ‘“clogging’’ poisons, probably of an 
albuminoid or resinous nature, such as are found in oils and other 
organic liquids of ordinary purity. The independence of the form 
of the reaction curve on the presence of catalyst poisons of the first 
class is illustrated by the results collected in the figure, which 
summarises the course of the absorption of hydrogen by a system 
consisting of 3 c.c. of oleic acid, dissolved in 9 c.c. of acetic acid, 
both alone and in the presence of the poisons indicated, the 
catalyst consisting of 0-005 gram of platinum. The linear 
character of this curve is further exemplified ’y the various results 
detailed in connexion with the work about to be described. 

The measurements of the rate of absorption of hydrogen were, in 
every case, carried out at 50° in the apparatus previously employed 
for lead. It will be seen that, both with and without poisons, the 
point of inflexion occurs in a region immediately preceding 
saturation. 


Action of Mercury. 


The solution employed for poisoning was made by dissolving 
0°108 gram of pure mercuric oxide in 100 c.c. of glacial acetic acid. 
Each c.c. thus corresponded with 1 mg. of mercury. 

On adding varied amounts of this solution to a reaction mix- 
ture, consisting of 3 c.c. of oleic acid, 0°005 gram of platinum, and 
sufficient glacial acetic acid to amount, with that added with the 
poison, to 9 c.c. of the solvent, the following results were obtained. 
The temperature, both for this series and for all measurements 
recorded in the present paper, was 50°. 

The absorption curves are in each case approximately linear, 
and the activity can consequently be read off directly without 
differentiation. As before, the relative activity of the platinum, 
in the presence of the given concentration of inhibitant, has been 
taken as being proportional to the number of c.c. of hydrogen 
absorbed per minute. In cases where the reaction curve obtained 
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TaB_eE I. 


lrogen Hydrogen absorption in c.c. after : 
reac 2mins. 3mins. 4mins. 5 mins. 10 mins. 
ourity 0:0 21-0 43-5 67-0 90-0 113-0 185-0 d 
0:25 16-0 32-5 49-1 65-6 81-6 156-4 ri 
: 0:5 10-8 21-8 33-0 43-6 54-6 104-6 ; 
SONS, 0-75 5-6 11-8 17-5 23-0 28-4 51-2 : 
eneral 0-95 2-8 5-2 7-6 10-2 12-6 24-8 
ed b 1-25 2-2 4:0 6-0 8-0 9-8 — 
y 1-5 1-3 2-8 4:3 5-8 7-2 13-9 
how- 2-0 1-0 1-8 2-6 3-3 3-8 — 
f an 3-0 0-1 0:3 0-4 0-6 0-8 1-8 


has been found to deviate subsequently from the ideal linear form, 
the rate of absorption of hydrogen during the first few minutes 
has been taken as being representative of the activity of the 
platinum. 

The variation of catalytic activity with the mercury content of 
the system is given in table IT. 


Tas_eE IT. 


e, in Mercury content Ratio gram- Catalytic activity of 
. - of system in atom Hg to _— platinum in terms of 
y milligrams. gram-atom Pt. c.c. H, fixed per min. 
the 0-0 0-0 22-5 
Jing 0-25 0-049 16-5 
0-5 0-097 11-0 
0-75 0-146 5:7 
0-95 0-185 2-6 (point of inflexion) 
1-25 0-244 2-0 
1-5 0-292 1-4 
. 2-0 0-390 0-9 
ing 30 0-585 0-15 
cid. 


If the above results are plotted graphically, the inhibitive effect 
is seen to be a linear function of the mercury present in the react- 
ing system almost down to complete extinction of activity, in 
which region a point of inflexion occurs. The residual catalytic 
activity then decreases less rapidly with increasing mercury con- 
tent than is required by the linear law. With sulphur, this point 
of inflexion would appear to be somewhat lower than with mercury, 
whilst arsenic and zinc deviate from the linear course at a slightly 
higher point. 

In the case of lead, under the conditions previously employed, 
the presence of a similar point of inflexion in the neighbourhood 
of total suppression of activity was not noted, but it is possible 
that the existence of a small residual activity was masked by 
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“clogging ’”’ poisons, by the action of which catalytic activity of a 
relatively low magnitude would be quickly suppressed. 


Action of Sulphur. 


The poison was here employed in the elementary form dissolved 
in glacial acetic acid, in which solvent sulphur is slightly, but 
sufficiently, soluble. Each c.c. of the solution contained 0-069 mg. 
of sulphur. 

The progress of the absorption of hydrogen by a reacting system 
of the usual nature, in the presence of various concentrations of 
the inhibitant, is summarised in table ITT. 


TasB_e III. 
C.c. of 
sulphur Hydrogen absorption in c.c. after 
solution - 
added. in, ins. 3mins. 4 mins. 5 mins. 


— 
Oo 


Gtooproc 
ie 4) 
i 
co 


~1 
2 
i) 


bred gi sme & * 


SSOrrTraceeor 
WAAMSAAaweS 
ISARHK HK Ad 


0 
0- 
0- 
1- 
1 
2-0 
2. 
2. 
2. 
3- 


aonb 


The variation of catalytic activity with the concentration of the 
inhibitant is given in table IV. 


TasLe IV. 


Sulphur content Ratio gram- Catalytic 
of system in atom § to activity 
milligrams. gram-atom Pt. of platinum. 
0-0 
0-014 
0-628 
0-055 
0-083 
0-110 
0-138 
0-154 
0-186 
0-20 
0-24 


The above results, when plotted 
similar to that obtained for mercury. 
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Action of Arsenic. 


The inhibitive solution was made by dissolving 6°6 milligrams 
of arsenious oxide in a small quantity of distilled water and 
diluting to 50 c.c. with acetic acid. Each c.c. thus contained 
(‘1 mg. of arsenic. 

A series of measurements of the rate of absorption of hydrogen 
by 3 c.c. of oleic acid in the presence of 0°005 gram of platinum 
and various known concentrations of arsenic is summarised in 
table V, the experiments being carried out under the usual 
conditions. 

TABLE V. 


C.c. of 
arsenic Hydrogen absorption in c.c. after 


solution . 2 
added. in. 2 mins. 3mins. 4mins. 5 mins. 10 mins. 


SP =o Om to 
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The variation in catalytic activity of the platinum with increas- 
ing arsenic content is given in table VI, the poisoning curve being 
of the usual linear type. ’ 


TaBLe VI. 


Arsenic content Ratio gram- Catalytic 
of system in atom As to activity 
milligrams. gram-atom Pt. of platinum. 
0-0 0-0 
0-025 0-013 
0-05 0-026 
0-039 
0-052 
0-065 
0-078 : 
0-117 
0-13 
0-156 
0-182 


(point of inflexion) 


WA~SSHWAA 


Action of Zine. 


The zine solution was made by dissolving 8°3 milligrams of pure 
tine oxide in 100 c.e of glacial acetic acid. Each c.c. thus corre. 
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sponded with 0°067 mg. of zinc. The absorption of hydrogen by 


3 c.c. of oleic acid under the usual conditions is summarised in 
table VII. 


Taste VII. 
C.c. of 
zinc Hydrogen absorption in c.c. after 
solution r —— 
added. lmin. 2mins. 3 mins. ins. 5mins. 10 mins. 
0-0 40-1 59-8 : 181-0 
0- 22-5 41-7 : ; 125-7 
1: - 28-0 “! 90-4 
1: 13-7 22: 41-7 
l- . ° 10-3 ° . ome 
3- . . 
4- 


1:3 : . — 
0-3 . . — 


The variation in the activity of the platinum catalyst with the 
various concentrations of zinc is summarised in table VIII. The 
poisoning curve is of the usual linear form, the point of inflexion 
being, however, somewhat higher both for zinc and arsenic than 
for mercury and sulphur. 


TaBLeE VIII. 


Zine content Ratio gram- Catalytic 
of system in atom Zn to activity 
milligrams. gram-atom Pt. of platinum. 
0-0 0-0 
0-034 0-02 
0-067 0-04 9-2 
0-10 0-06 4-5 (point of inflexion) 
0-12 0-071 3°6 
0-20 0-12 O-4 
0-27 0-16 0-1 


It has previously been mentioned that, in order to avoid the 
complication which would be introduced by the possible coagula- 
tion of a colloid in the presence of an electrolyte, non-colloidal in 
place of colloidal platinum was employed for the present measure- 
ments. In view, however, of the rather indefinite line of demarca- 
tion between colloidal and finely divided, non-colloidal particles, 
such as are formed by the reduction of carefully ground, metallic 
oxides in an oil suspension, it was considered interesting to 
investigate, in addition, the influence of an acetate containing 4 
metallic ion, which, from its nature, would not be expected to be 
poisonous. It may perhaps be stated, however, that in no case did 
visible flocculation occur during any of the measurements described 
in the present paper, although this frequently occurring pheno 
menon has been noticed in another series carried out at a higher 
temperature. 
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TC, 

| The indifference of the c:.talytic activity of platinum to the 
ar by presence of a metallic acetate of this nature, even in concentration 
ed IB somewhat in excess of those employed for the poisoning experi- 


ments, is illustrated by the following measurements of the relative 
rates of absorption of hydrogen by 3 c.c. of oleic acid and 0-005 
gram of platinum, with and without the addition of potassium 
acetate. The experiments were carried out at 50° under the usual 
onditions. The potassium acetate solution was made by dis- 
slving 50 milligrams of the salt in 100 c.c. of acetic acid, 1 c.c. 
of this solution being added to the reacting system. Reference to 
table IX shows that no inhibition of activity occurred. 


smIS Be 


TaBLe IX. 


Hydrogen absorption in c.c. 


. the 


The Time in System without System with 
; minutes. potassium acetate. potassium acetate. ; 
X10N 9 ‘ i 
1 23-6 24-0 5 
than 2 48-0 49-0 
3 72-0 75-0 
4 96:3 100-4 
5 121-0 127-0 
6 146-0 153-0 
7 178-0 


It is a matter of experience that catalysts of relatively high 
activity are more susceptible to poisoning than those of lower 
activity, and, for this reason, work is being carried out on the 
influence of variations in the surface of the catalyst on the slope 
of the various poisoning curves. 


ion) 


CHARLES STREET, 
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ca B XXVIII—On Reduction by Metals in Acid Solu- 
~ tions. Part I. The Reduction of Acid Ferric 
7 Sulphate Solutions by Zine and Magnesium. 
. By SaMvuEL SUGDEN. 

e 

lid Tue reduction of ferric sulphate solutions containing free sulphuric 
ol acid by zinc, magnesium, and iron was studied by Thorpe (T., 
a 1882, 41, 287), who found that the amount of reduction brought 
- about by the metal increased as the ferric sulphate concentration 


increased, and decreased with increasing concentrations of free 
I* 
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acid. The solutions examined were moderately dilute, and only 
covered a small range of concentrations. | 
In the present paper, similar experiments are described covering 
nearly the whole available range of concentrations. These reveal 
a marked difference between the behaviour of zinc and magnesium, 


EXxPERIMENTAL. 


Materials.—Zinc foil, 0°0107 cm. thick, cut into pieces 0°19 em. 
by 0°72 cm., was used; 0°3268 gram was weighed out for each 
experiment. The initial surface area of this amount of the metal 
was calculated to be 9°3 sq. cm.* The foil contained 99°7 per cent. 
of zinc, weighed as oxide. A trace of lead was present, but no 
other metallic impurities were detected. 

The magnesium was in the form of ribbon 0°0158 em. thick. 
This was cut into pieces 0°27 cm. by 0°70 cm.,+ and 0°1216 gram 
used in each experiment. The initial surface area was calculated 
to be 9:5 sq. em. The ribbon contained 98-7 per cent. of mag- 
nesium, weighed as pyrophosphate. A minute amount of silica 
was found on examination of a solution of the metal in nitric 
acid, but no metallic impurities. 

Considerable difficulty was experienced in purifying the ferric 
sulphate in large amounts. The method finally adopted was as 
follows. Concentrated sulphuric acid was added to a filtered, hot 
solution of 1 kilo. of the commercial salt in 1 litre of water until 
a faint turbidity was produced. After keeping for several hours, 
the viscous mother liquor was filtered from the granular crystals 
of the acid sulphate, which were washed with alcohol and dried 
in air. About 6 kilo. of the hydrated acid sulphate were prepared 
in this manner. 

A stock solution was prepared by dissolving the acid sulphate 
in water and adding the requisite amount of ferric hydroxide. 
This solution, corresponding in composition with the neutral or 
slightly basic salt, was analysed, and the experimental solutions 
prepared from it. 

The sulphuric acid used in making the solutions was free from 
chlorides and nitrates, and contained only minute traces of arsenic. 

Experimental Conditions.—Fifty ¢.c. of the solution were placed 
in a small flask, the weighed amount of the metal added, and the 
flask shaken frequently until the metal had all dissolved. The 


* Average value for 200 pieces chosen at random. The surface area is 
determined chiefly by the thickness, and is not appreciably altered by small 
variations in the length and breadth. Small pieces were used to facilitate 
stirring. 

t Average value for 200 pieces chosen at random. 


2 cm. 

each 
metal 
cent. 
it no 


hick. 
gram 
lated 
mag- 
silica 
itric 


erric 
S$ as 

hot 
until 
urs, 
stals 
ried 
ured 


rate 
ide. 

or 
ons 


‘om 
Lic. 
ced 
the 
‘he 


is 


ate 


ACID SOLUTIONS. PART I. 235 


me required for complete solution was noted, and the ferrous salt 
med estimated by titration with N/10-permanganate solution. 

All the experiments were carried out in duplicate at the ordinary 
mperature (18—21°). With most of the solutions, the results 
vere found to be very consistent, the difference between the values 
jund in duplicate experiments being less than 1 per cent. In 
ome of the experiments with zinc, which lasted for several hours 
(olutions 5, 6, 8), somewhat larger differences were found, and a 
mall amount of oxidation by air may have occurred. The mean 
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Percentage reduction. 


SO, gram-molecules per, litre. 


Magnesium. 


values found for each solution are recorded in table I, and plotted 


in Figs. 1 and 2. 


Discussion of Results. 


Each curve in the diagrams represents a series of solutions con- 
taining a constant amount of Fe,O, and varying amounts of SOs. 
The ordinates represent the amount of reduction observed, ex- 
pressed as a percentage of that theoretically possible if no hydrogen 
were evolved. To save space, this number is referred to in the 
table and in the text as the “ percentage reduction,” as the use of 

Ss 
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this term does not imply any hypothesis regarding the mechanism 
of the reaction. The left-hand end of each curve therefore repre. 
sents a neutral or a feebly acid solution, in which the metal dis. 
solves slowly. The curves were extended to the right, the limits 
corresponding with solutions from which crystals of the acid 
sulphate were deposited, or, for the more dilute solutions, in which 
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SO, gram-molecules per litre. 


Zine. 


a concentration of 6 gram-molecules of free acid per litre was 
reached. 

With both zinc and magnesium, the addition of acid to a nearly 
neutral solution produces a decrease in the percentage reductiot. 
With magnesium, this continues throughout the whole range @ 
concentrations, but with zinc a minimum is reached, and then tlt 


ACID SOLUTIONS. PART T. 


yreentage reduction increases rapidly. A new type of reaction 
pears to set in; the zinc becomes dull grey in colour, and dis- 
gives much more slowly, with a scarcely perceptible evolution of 
gs. This peculiar behaviour of zinc is most marked with the 
lutions containing higher concentrations of ferric oxide, but even 
the most dilute solutions give curves which differ in shape from 
the corresponding curves for magnesium. The gradual replace- 
nent of the rapid reaction by the slow one is well seen in solutions 
land 22. The zine dissolves rapidly at first, changes in appear- 
ace after a few minutes, and then dissolves slowly, with very 
little evolution of gas. 

In this connexion, it should be mentioned that Pring and 
Tainton (T., 1914, 105, 710), in studying the electro-deposition 
of zine from solutions of zinc sulphate containing about 1 gram- 
molecule of free sulphuric acid per litre, found that the ratio of 
tinc to hydrogen liberated at the cathode increased with increasing 
encentrations of acid. 

The time required for solution gives an approximate estimate 
of the relative rates of reaction of the metals in the different solu- 
tions. Remarkable variations in this rate were observed. Thus 
the zinc, which dissolved in an hour in a solution containing 0°80 
gram-molecule of ferric oxide per litre, and rather less acid than 
was required for the neutral salt, was not completely dissolved in 
twenty-four hours in a solution containing the same amount of 
ferric oxide and 2 gram-molecules of free acid per litre. This 
behaviour cannot be ascribed to the presence of so much free acid, 
because solutions containing much more acid, but less ferric salt, 
dissolve the same amount of zinc in a few minutes. 

With magnesium, the time required for solution falls off con- 
tinuously as the concentration of free acid increases, and finally 
reaches a limiting value of just less than a minute with all con- 
centrations of ferric salt. 

It is difficult to reconcile these results with the theory that 
nascent hydrogen owes its activity to the presence of free atoms, 
as, on this view, the activity should decrease continuously with 
increasing acidity for both metals. The theory of direct reduc- 
tion by the metal is also inadequate, for even if the assumption is 
made that zinc can directly attack the ferric sulphate in weakly 
acid solutions at a speed comparable with its rate of solution in 
the acid, the existence of a perturbing condition has to be recog- 
nised in the case of zinc in the more concentrated solutions, which 
not only modifies the relative velocities of the two reactions, but 
also lowers markedly the velocity of solution. 

It is hoped to extend these experiments to other metals and 
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oxidising agents, and to investigate the effect of varying the 
temperature and pressure. 


TABLE I, 


Magnesium. Zine. 
Fe,0, SO, ¢ . . ie 
gram-mols. gram-mols. Time, Percentage Time, Percentage 
Soln. per litre. perlitre. mins. reduction. mins. reduction, 
0-80 2-25 15 60-6 — 
2-40 6 58-5 * 60 
2-65 2-5 55-6 90 
2-90 2 50-6 400 
3-15 ae 44-0 a. 1000 
3-40 I+! 39-0 2000 
3°90 - 31-2 — 
4-40 21-8 ‘a. 2000 
5-40 11-4 


1-93 
2-30 
2-60 
2-80 
2-93 
3-05 
3-18 
3°30 
3-55 
3-80 
4-30 
4-55 
4-80 


1-43 
1-73 
1-98 
2-20 
2-73 
3°20 
3-70 
4-12 
4-34 
4-78 
5-66 
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TI. PHENOMENA OF THE IGNITION OF GASEOUS MIXTURES, ETC. 


ng the 
XXIX.—Phenomena of the Ignition of Gaseous 
Mixtures by Induction Coil Sparks. 


By Joun Davip Morcan and Ricwarp VERNON WHEELER. 


HiGH-TENSION sparks produced at a gap in the secondary circuit 
of an induction coil when a current in the primaty circuit is 
broken are, in general, of a complex character. For the purposes 
of the present paper, it is sufficient to direct attention to two main 


% 
ntage 
etion, 


9 

+ characteristics which are apparent when the sparks are viewed in 
6 a revolving mirror or photographed on a moving plate or film. 

= With a current in the primary circuit in considerable excess 
. of that just necessary to produce a spark at a gap in the secondary 
9 circuit, the image of the spark is found to comprise (a) an intensely 
8 luminous initial line, and (4) a slightly luminous band. This 
: band is usually striated, the striations being due to oscillations in 
3 the electric discharge. These characteristics 

: are reproduced diagrammatically in Fig. 1. Fic. 

j The first part, a, of the spark, which has 

| been termed the ‘capacity component,” Hill iH I i " ‘a 

resembles the spark obtained by a single dis- HL Lah i Hil 

charge from a Leyden jar, whilst the second é 


part, b, termed the “inductance component,” 

resembles (save for the striations) the break-flash obtained when 
a current in an inductive circuit is interrupted by the separation 
of metallic contacts. The striations in the band, 6, are most 
marked near its beginning, and they gradually fade away into a 
region of uniform colour towards the end of the spark. 

This description of the characteristics of high-tension sparks 
refers to those produced when the current broken in the primary 
circuit is in considerable excess of that just necessary to produce 
any spark at all at the gap in the secondary circuit. When the 
primary current is reduced to an amount approaching the minimum 
at which a spark can be obtained, there is a modification in the 
character of the spark, particularly when a large coil (a “10-inch ” 
coil, for example) is used to produce a short spark (1 or 2 mm. 
in length). A photograph of such a spark on a rapidly revolving 
film discloses more than one intensely bright line, each followed 
by a luminous band. At the limit, when the primary current is 
only just sufficient to produce a spark at the gap in the secondary 
circuit, the luminous bands almost disappear, and the spark appears 
to consist of a single bright line. 

The total heat energy, 7, of the induction-coil spark is derived 
from the electromagnetic energy associated with the primary circuit 
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of the coil at the instant of interruption of the current. The 
proportion of this energy that appears as heat in the spark depends 
on a number of factors. For a given width and character of gap, 
it may be represented by the expression J=cL, in which Z is the 
inductance of the primary circuit, 7 is the current flowing in that 
circuit at the moment of break, and ¢ is a factor the value of 
which (always less than 0:5) depends on the coil and its accessories 
and the nature of the spark-gap. The total energy is distributed 
between the capacity and inductance components of the spark. 

The energy of the capacity component alone, J,, is expressed with 
sufficient accuracy, so long as the component consists (as is usual) 
of a single discharge, by the formula /,=4C V2, in which C is the 
capacity associated with the gap circuit (including that of the 
secondary winding) and V is the voltage at which the spark is 
initiated. The value of C can be varied by varying the arrange- 
ment of the apparatus, but is independent of the magnitude of the 
current in the primary circuit. The value of V depends on the 
shape and disposition of the sparking electrodes and on the nature 
and condition of the gases between them. With some spark-gaps, 
particularly with those formed between sharp points, the value of 
V also depends on the rate of application of voltage, which, with 
a given induction coil and interrupter, depends on (1) the capaci- 
ties of the primary and secondary circuits, (2) the primary current 
at the moment of break, and (3) insulation leakage in the secondary 
circuit. (For a discussion of the effects of leakage, see Bairsto, 
Inst. Elect. Eng., 1920, 58, 507.) Keeping other conditions 
constant, the manner in which V (the sparking voltage) varies 
with « (the primary current at break) differs with the gap. In 
some gaps (for example, ball gaps) the variation is small, whilst 
in others (for example, point gaps) it is relatively large. When 
the voltage is applied suddenly and for a very short interval of 
time, as when an induction coil is used, the sparking voltage is 
higher than when the voltage is applied slowly. The ratio between 
the impulsive sparking voltage (peak value) and the static or 
slowly applied sparking voltage is termed the “impulse” ratio 
(see Peek, “Dielectric Phenomena in High Voltage Engineering,” 
New York, 1915). 

The energy of the inductance component alone, /,, can be repre- 
sented by the difference between the quantities eZ: and 3CV°. 
With a given coil and a given setting of the spark-gap, the energy 
of the inductance component depends mainly on the value of #, 
though it also depends on V, since that quantity is affected 
by the value of i. It is important to note, also, that the energy 
of the inductance component is affected by the working conditions 
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if the interrupter in the primary circuit and by insulation leakage 
in the secondary circuit. 

The duration of the capacity component is extremely short, and 
iepends only on conditions in the gap circuit; that of the induct- 
ance component is relatively long, and (the condition of the 
geondary circuit remaining constant) is dependent on the value 
of i. Oscillograph records of the duration and magnitude of the 
arrent in an induction-coil spark are 
usually of the type shown in Fig. 2. The 
line a (which cannot be resolved by the 
oscillograph) represents the current in the 
apacity component, and the curve b that 
in the inductance component. Z 

The fact that high-tension sparks obtained 
fom induction coils are of a complex 
character raises the question of the manner Time. 
in which the ignition of gaseous mixtures is 
dfected by them. Evidence has been advanced in support of the 
suggestion that in certain instances ignition is due solely to the 
capacity component of the spark (Paterson and Campbell, Proc. 
Physical Soc., 1919, 31, 193; Morgan, “Principles of Electric 
Spark Ignition,” London, 1920). 

This hypothesis was adopted when discussing the ignition of 
mixtures of methane and air by the impulsive electrical discharge 
(T., 1920, 117, 903), though it was not assumed that the hypo- 
thesis had been definitely proved. In the present paper, the 
question is considered anew in the light of further experiments on 
the ignition of mixtures of methane and air under different 
conditions. 


Fic. 2. 


In the first series of experiments, a number of different mixtures 
of methane and air were employed, and determinations were made 
of the minimum currents (“igniting-currents’’) which, when broken 
in the primary circuit of an induction coil, would produce sparks 
at a gap of constant width in the secondary circuit capable of 
igniting the mixtures. The spark-gap was formed between a pair 
of sharply pointed platinum wires, and was about 1 mm. in width. 
The precautions taken in carrying out the experiments to ensure 
accuracy of the results have been described in T., 1920, 117, 903. 
The results are shown in Fig. 3. 

It will be seen that the curve is a smooth one, and that there 
isa gradual increase in the “ igniting-current”’ as the percentage 
of methane in the mixture is decreased or increased on either side 
of the range 8'2—8'4. When the width of the spark-gap is 
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constant, the “igniting-current” (that is to say, the current 
broken in the primary circuit) is a measure of the total energy of 


the spark, for J/=cLi*, so that the relationship shown in Fig. 3 
is consistent with the supposition that ignition of the mixtures 
was dependent on the total energy of the sparks. Ignition might 
equally as well be dependent only on the energy of the capacity 
component, however, which depends essentially on the sparking 
voltage (/,=4C1*). Determinations were therefore made of the 
voltages (peak-values) of the sparks produced at a number of the 
“igniting-currents” recorded in Fig. 3, in the manner described 


Fia. 3. 
1°67 — x ji ee a ke 
& 
j ' 
1 
\ 
' 
1°4 T 
i 
\ 
\ 
3 ! 
> 12 
& 
= 
= 1-0}— ] 
~ 
5 
© 
> 
= og-—— 
é \ 
~~ 
0-6 oe el ” 


| a 


6 7 8 9 1 Il 12 


Methane, per cent. 


in the experimental portion of this paper. On _ plotting per 
centages of methane against these voltages, instead of against the 
corresponding “‘ igniting-currents,’’ a curve identical in character 
with that shown in Fig. 3 was obtained. This curve is reproduced 
in Fig. 6. We are therefore unable to judge from this series o 
experiments alone whether ignition was due to the total energy 
. or the energy of the inductance component only; the results are 
consistent with either theory. 

In a second series of experiments, with a number of mixtures of 
methane and air, a current of constant value (1 ampere) was 
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broken in the primary circuit of the induction coil, and the energy 
of the spark at the spark-gap was varied by varying the width of 
ig. ggthat gap. The gaps were formed between a disk of platinum and 
ture fine point of platinum to which a micrometer was attached, 
night§ mabling the widths of the gaps to be read accurately to one- 
acity hundredth of a millimetre. The explosion-apparatus employed is 
rking shown diagrammatically in Fig. 8; the precautions observed in 
* the arrying out the determinations were as in the first series of experi- 
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cterg ments. The smallest gap that would yield a spark capable of 
iced | gniting each mixture, the current in the primary circuit being 
s of § ONstant at~1 ampere, was found, and these “igniting-gaps’’ were 
rey then plotted against percentages of methane, producing the curve 
shown in Fig. 4. 

This curve is identical in form with that reproduced in Fig. 3, 
that the energy represented by a given “ igniting-gap” bears 
the same relationship to the mixture ignited as does the energy 
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corresponding with the “igniting-current” for that mixture, 
This being so, knowledge of the manner in which the energy of 
the induction-coil spark as a whole, and the energy of its capacity 
component, vary with the width of the gap at which the spark 
passes, should determine the question whether the capacity 
component alone is effective in causing ignition. 

When the primary current is maintained constant, as in this 
series of experiments, the total energy of the spark of an induction 
coil usually increases with increase of width of gap until a maxi- 
mum is reached, after which it may remain constant over a con- 
siderable range of width of gap; eventually, a stage is reached at 
which an increase in the width of the gap is accompanied by a 
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decrease in the total energy of the spark. In order to determine 
how the energy of the sparks varied in the present series of experi- 
ments, thermal measurements were made on the sparks produced 
at a number of the “igniting-gaps,” in the manner described in 
vhe experimental portion of this paper, using the same explosion- 
vessel as in the ignition experiments, and with the same current 
(1 ampere) in the primary circuit of the coil. 

The results are shown in Fig. 5, in which the deflections of a 
galvanometer, corresponding with the thermal effects of the sparks, 
are plotted against the widths of gap at which those sparks were 
produced. The galvanometer deflections give relative values for 
the total energies of the sparks. It will be seen that the energy 
of the sparks increased gradually as the width of the gap was 
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increased up to 2 mm., and then remained constant up to 4 mm. 
For the interpretation of the ignition experiments (Fig. 4), the 
results for gaps between 1 and 3 mm. in width only need be con- 
sidered. On plotting values obtained from Fig. 5 instead of gap- 
widths, the relationship between percentages of methane in the mix- 
ture and the total energy of the sparks that ignited them is found 
to be very different from the relationships shown in Figs. 3 and 4. 
It follows, in fact, from these thermal measurements that, if the 
total energy of the spark is required for ignition, the same energy 
is required to ignite all mixtures of methane and air containing 
less than 6°5 or more than 11 per cent. of methane, which is 
contrary to fact. 

On the other hand, measurements of the voltages (V) of the 
sparks produced at given “igniting-gaps’’ (made under the same 
conditions as the ignition experiments) gave results which, when 
plotted against the corresponding percentages of methane, produced 
a curve (Fig. 6) in close agreement with those shown in Figs. 3 
and 4. This second series of experiments, therefore, definitely 
ascribes the igniting-power of the induction-coil sparks to the 
energy of their capacity components (J,=4}CV*), and not to 
their total energy. 

It has been assumed during the discussion of these results (1) 
that so long as the experimental conditions under which the sparks 
are produced are constant (that is to say, so long as the general 
character of the sparks is unchanged), the energy required to 
ignite a given mixture is constant, and (2) that ignition is 
essentially a thermal process involving the heating of a sufficient 
volume of the inflammable mixture at a sufficient temperature 
during a sufficient length of time. 

The first assumption needs no argument to support it, but the 
corollary, that the least energy required to ignite a given mixture 
may vary with the character of the spark, requires, perhaps, 
amplification. When describing the general characteristics of 
induction-coil sparks, enough has been said to show that the dis- 
tribution of energy between the capacity and inductance com- 
ponents of a spark can be varied by altering the experimental 
conditions. For example, the energy of the capacity component 
can be varied by varying either C, the capacity associated with 
the gap circuit, or V, the voltage at which the spark is initiated. 
The latter, as already stated, is mainly dependent on the shape 
and arrangement of the electrodes and the rate of application of 
the voltage. Under certain conditions, it is possible so to reduce 
the proportion of the total energy of an induction-coil spark that 
appears in its capacity component as to render that component 
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incapable of igniting a given mixture. It does not necessarily 
follow, however, that a spark capable of igniting the mixture 
cannot then be produced; on the contrary, if there is sufficient 
energy in the inductance component, ignition will occur. The 
energy required for the ignition of a mixture by an “ inductance” 
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spark is, however, considerably greater than that required for 
ignition of the same mixture by a “capacity” spark. When the 
complex sparks produced by induction coils are used and the 
capacity component is of itself insufficient to cause ignition, the 
ignition due to the supplementary action of the inductance com- 
ponent is capricious. 

In general, the energy required for the ignition of a given 
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nixture by a pure capacity spark can be varied by altering either 
the sparking voltage or the ¢apacity of the spark circuit, and the 
mergy required for ignition by a pure inductance spark can be 
varied by altering the impressed (or circuit) voltage. Hence the 
necessity, when attempting to explain the chemical and physical 
phenomena of the ignition of gaseous mixtures by electrical means, 
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of maintaining constancy in the characteristics of the electric 
parks, lest change in the sparks be mistaken for change in the 
node of ignition of the mixture. 

The second assumption—a thermal process of ignition—implies, 
a is generally recognised, that the energy of an electric spark is 
lot the only factor to be considered, but that the mode of appli- 
tation of that energy, its duration, and its concentration (and any 
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concomitant phenomena, such as the production of a pressure ways 
between the electrodes) must be taken into account. In the experi. 
ments under review, ignition was by the capacity component off 
an induction-coil spark. The duration of this component has been 
shown (p. 241) to be exceedingly short, so short that it is highly 
improbable that any effective alteration could be made in it by 
changes in the experimental conditions. The concentration of the 
capacity component might, however, be susceptible of considerable 
change by change in the width of the spark-gap. With a view to 
explore further the rationale of ignition of gaseous mixtures by 
electric sparks, a relationship was therefore sought between the 
“igniting-current’’ and the spark-gap for any given mixture of 
methane and air. 

Typical examples of the relationship found are shown diagram. 
matically in Fig. 7, in which, for several mixtures of methane and 
air, the “igniting-currents”’ corresponding 
with different lengths of spark-gap are re 
corded. The dotted line in the diagram 
records the least current in the primary 
circuit of the induction coil, which, when 
broken, would produce any spark at all at 
the gap in the secondary circuit. It will be 
seen that this line cuts the curve for the 85 
per cent. mixture when the gap is 47 mm. 
wide, so that the true “ igniting-current” 
with wider gaps cannot be _ deter- 
mined, the first spark that passes causing 
ignition of the mixture. These experiments 
were made in the same apparatus (Fig. 8) 
as was used for the series recorded in Fig. 4. 

With any mixture of methane and air, it 
was found that the “ igniting-current” at 
first rapidly decreased as the spark-gap was 
widened, but that there was a well-defined 
optimum width, after passing which each 
further inerease resulted in a_ regular 
increase in the “igniting-current.” The 
value of the width of spark-gap that enabled 
ignition to be effected most readily (in the 
sense that it required the lowest current in 
the primary circuit of the coil to be broken 
to produce a secondary discharge o 
sufficient energy) depended on the compos: 
tion of the mixture. Thus, for the mixtures 
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“Bf methane and air tested, the optimum spark-gaps, and the 
J ‘igniting-currents” with those gaps, were: 


Optimum “ Tgniting-current”’ 
Methane, spark-gap. with optimum spark- 
per cent. Mm. gap. Amperes. 
6-00 1-08 
6-75 
7-40 
8-05 
8-50 
8-70 
8:95 
9-40 
10-50 
11-40 
12-40 
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If the optimum spark-gaps are plotted against percentages of 
methane, a curve of the same characteristics as those reproduced 
in Figs. 3 and 4 is obtained. This relationship is dependent on 
a physical property of the mixtures (their ability to propagate 
fame), and need not be discussed in this paper, which deals with 
the characteristics of the sparks.* 

We have seen that, so long as the general electrical character- 
istics of the sparks are not altered, there should be no change in 
the energy of a spark required to ignite a given mixture, except 
inso far as it may be possible to effect a change in the mode of 
application of that energy. Measurements were made of the 
wltages (representing the energies of the capacity components) of 
the sparks obtained with gaps and currents corresponding with 
points on such curves as those reproduced in Fig. 7, and it was 
found that the voltage of a spark that ignited a given mixture 
rmained constant over the whole of the left-hand limbs of the 
curves, and showed but a slight increase for a little way up the 
tight-hand limbs. For example, with the mixture containing 6°75 
per cent. of methane, the voltage of the capacity component of 
the spark that effected ignition was the same when,the spark-gap 
was 15 mm. in width and a current of 1:2 amperes was broken 
in the primary circuit of the coil as when the current broken was 
085 ampere and the width of the gap was 2 mm. 

The greater part of the ascending limb of each curve, however, 


* An explanation can now be given of the statement made in a previous 
paper that the graph reproduced in Fig. 4 is complete, the terminal points of 
the curve representing “limits’’ of igniting power of the sparks. With a 
constant current of 1-0 ampere in the primary circuit of the coil, mixtures 
containing less than about 6-0 or more than about 11-5 per cent of methane 
tannot be ignited by the secondary discharge under the conditions of the 
— whatever the width of the gap, as is shown by the curves in 
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represents a definite and regular increase in the sparking Voltage 
In other words, as the spark became more attenuated, its energy 
content had to be greater to enable it to ignite a given mixture 
Within certain limits, dependent on the composition of the mix 
ture, the dimensions of a spark (the concentration of its energy 
have an inappreciable effect on its igniting-power, but, as wa 
anticipated, on the assumption that the ignition of gaseous mix. 
tures by electric sparks is a thermal phenomenon, a decrease im’ 
the concentration of the energy eventually requires that a greater 
quantity shall be supplied. 


EXPERIMENTAL. 


Ignition Experiments.—Details of the explosion vessel used fu 
the first series of determinations, and of the method of conducting 
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the experiments, have been given in previous communications. A 
diagram of the explosion vessel used for the second and third 
series of experiments is shown in Fig. 8, and requires 00 
description. 

Voltage Measurements.—The apparatus used is shown diagram 
matically in Fig. 9. A thermionic valve, c, electrostatic volt: 
meter, d, and small condenser, e, are arranged in conjunction with 
the spark-gap, a, which is in the secondary circuit of the induc 
tion coil, 6, the filament of the valve being heated by current from 
an insulated battery, f, to which the negative end of the induction 
coil is connected. (For a discussion of certain precautions to be 
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observed when using this apparatus, see Campbell and Patterson, 
Phil. Mag., 1919, 37, 480.) 

Thermal Measurements——-A pair of glass chambers, a, 6 
(Fig. 10) carried between ebonite plates, 4, contain, respectively, 
the spark-gap, ¢, and a heating coil, f. Each chamber is fitted 
with a resistance, c, d, of fine platinum wire, forming part of a 
‘EWheatstone bridge. The spark-gap, e, is connected with the 
secondary circuit, 7, of an induction coil, and the heating coil, f, 
isconnected with the circuit of a battery, j, containing an ammeter, 
A, a voltmeter, |’, and a variable resistance, #. Starting with 
the galvanometer of the Wheatstone bridge, g, at zero, the heating 
efiect due to sparks passing in quick succession in a causes a varia- 
tion in the resistance of c, and a corresponding deflection of the 
galvanometer. The needle of the galvanometer can be brought 
back to zero on producing an equal heating effect in 4 by causing 
a measured current to flow in the heating coil, f. Knowing the 
watts consumed by the heating coil, and the number of sparks 
passing per second in a, the energy per spark, in joules, can be 
calculated. 
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XXX.—The Action of the Grignard Reagent on 
certain Nitric Esters. 


By Harry HEpworrn. 


AttnoucH the action of the Grignard reagent on numerous types 
of organic compounds has been investigated, yet, with the single 
exception of the interaction of magnesium methyl iodide and 
methyl nitrate (Moureu, Compt. rend., 1901, 132, 837), no 
investigations have been carried out on the action of this important 
reagent on the nitric esters. 

Moureu (Joc. cit.) investigated the action of the Grignard reagent 
m certain nitroparaffins and esters of nitrous acid, and found that 
both classes of compounds gave rise to B8-dialkylhydroxylamines. 

Bewad (Ber., 1907, 40, 3065) studied the action of magnesium 
zine alkyl iodides on esters of nitrous acid and on nitroparaffins. 
lt was found that in the preparation of B8-dialkylhydroxylamines, 
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the zinc alkyl usually employed (idem, J. Russ. Phys. Chem. 
Soc., 1900, 32, 420, 455) can be replaced advantageously by zing 
alkyl iodides or magnesium alkyl iodides when the esters of nitrou 
acid are used, but not in the case of nitroparaffins. With the 
latter, the reaction follows two courses, in both cases the final pro 
duct being a 88-dialkylhydroxylamine, the one containing one 
alkyl group derived from the magnesium alkyl haloid employed, 
the other containing two. | 

From a consideration of the three possible structural formule 
for the esters of nitric acid, it is evident that, with the Grignard 


RO-O'N:O = RO-N<O RON? 


reagent, a considerable number of reaction products can be 
theoretically anticipated. If Briihl’s formula (the first) is correct, 
then it might be possible to obtain selective action of the Grignard 
reagent on one of the oxygen atoms attached to nitrogen. At the 
same time, primary selective action of the Grignard reagent with 
aromatic nitro-compounds, in which the nitro-group cannot possibly 
have a configuration as in the first formula, has been shown to take 
place by Oddo (Atti R. Accad. Lincei, 1904, [v], 18, ii, 220), and 
confirmed by the author (T., 1920, 117, 1004). 

In an earlier communication (T., 1919, 115, 1203), the author 
has shown that, in certain cases, selective action of the Grignard 
reagent can be easily realised by the application of the method of 
Kipping and Davies (T., 1911, 99, 296). In this method, a mix- 
ture of the substance, together with alkyl haloid, diluted with 
ether, is added drop by drop to well-cooled ether containing 
magnesium powder, the rate of addition of magnesium being such 
as to keep the latter in excess throughout the reaction. 

In this investigation, the action of magnesium methyl iodide 
and magnesium ethyl bromide on ethyl nitrate, ethylene glycol 
dinitrate, glyceryl trinitrate (nitroglycerol), and the tetranitro- 
derivative of pentaerythritol has been investigated. It was found 
that all these nitrates prevented the initial formation of Grignard 
compounds. This observation was repeatedly confirmed with small 
quantities of these nitric esters dried over phosphoric oxide for 
several days, and also with samples which had been first treated 
with a small quantity of a solution of the Grignard compound and 
then decanted. In other experiments, the formation of the 
Grignard compound was first started by the addition of a little 
alkyl haloid, and then the mixture of nitric ester and alkyl haloid 
was added, drop by drop, to the magnesium, but the vigorous 
reaction which was in progress soon ceased after a small portion 
of the nitric ester had been added, and could not be made to start 
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Jain. The only other observation of this type appears to be that 


ingrecorded by Kipping and Davies (T., 1911, 99, 296), who found 


Sihat acetone prevented the interaction of magnesium and benzyl 
A cbloride or ethyl bromide. 

It was therefore necessary to abandon this method of procedure 
and to prepare the Grignard reagent separately. Experiments 
were carried out under a variety of conditions, in which the nitric 
eter was added to the Grignard reagent and vice versa, and in 
which the reaction vessel was cooled to various temperatures from 
wro to —15°. In every case, the principal products of reaction 
were found to be either B8-dimethylhydroxylamine or -diethyl- 
hydroxylamine, whichever of the four nitric esters was employed. 
Minute traces of neutral products were formed, but the quantities 
obtained were not sufficient to admit of detailed examination. 

The best results were obtained when three to four molecular 
proportions of the Grignard reagent to each -O-NO, group were 
employed. 

No selective action of the Grignard reagent was observed, and 
the course of the reaction, in the case of all four esters, may be 
simply represented as follows: 

Rone? 2S poy ZR tmems 

ik SOMgX 


(1.) (II.) 


H 
pure. 4 RO-NZR’ —> R-OH+NR’R0H 
INR! 
OH 
(IV.) 


Other modes of reaction might be postulated, but these demand 
‘lective action of the Grignard reagent with one of the oxygen 
atoms of the nitric ester, and as such selective action was not 
observed, it appears better to postulate the reaction as above. 

In some experiments the formation of a small quantity of a 
secondary base was observed. This is probably formed by the 
further action of the Grignard reagent on compound III. 

MgX MgX 
ronCr™ 2™"5  powZr® 48 RowZR’ 
| \R’ l \R! \R’ 
OMgX MgX 
(III.) (V.) (VI) 
—R'OH ’ 
—> RON 


(VII.) 
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Bewad (Ser., 1907, 40, 3065) observed that nitric oxide wai 
evolved, and secondary bases, as well as B8-dialkylhydroxylamines, 
formed, on adding isoamyl nitrite to zine ethyl iodide, and 
attributed both phenomena to a process of oxidation. 

It is difficult to conceive how Bf-diethylhydroxylamine could be 
directly oxidised to diethylamine. In the course of the experi- 
ments described in this paper, it was observed that some nitric 
oxide was evolved when the flask was allowed to become hot during 
the decomposition of the product with water. The evolution off. 
nitric oxide became more pronounced when the reaction product 
was distilled in steam, particularly at the early stages of distilla- 
tion, or even when it was heated on the water-bath before thef. 
addition of water, and it is suggested that the nitric oxide is 
derived from the decomposition of the products ITI and V. 

Exhaustive attempts were therefore made to isolate the bases 
by repeatedly extracting with ether, but even in those cases in 
which a very small quantity of water was used for the decomposi- 


tion of the reaction product, eighteen to twenty extractions did o 
not suffice to remove the whole of the bases present, so that, in m6 
spite of decomposition with evolution of nitric oxide during the “~ 
early stages of the distillation with steam, the latter method of ow 
isolating the bases was more expedient and generally more 
: : aS CC 
satisfactory than extraction with ether. a 
er si 
EXPERIMENTAL. Ag 
Action of Magnesium Methyl Iodide on Ethyl Nitrate. ~ 
edie: 
Preparation of Ethyl Nitrate.—The ethyl nitrate used in these Hou 
experiments was prepared by a slight modification of the method Ber ¢ 
of Lossen (dun. Suppl., 1868, 6, 220). Nitric acid (D 1°4) of very amine 
low nitrous acid content was boiled for fifteen minutes with 1 per Bright 
cent. of its weight of carbamide nitrate. After cooling, 100 grams ff /sok 
of the acid were cautiously mixed with 100 c.c. of absolute alcohol Hh exc 
in a retort connected with a condenser, and the contents of the fh q 
retort evaporated to one-half of the volume on a sand-bath. A BBiled ; 
freshly prepared mixture of 100 grams of purified nitric acid and wving 
50 c.c. of absolute alcohol was added drop by drop to the heated mper 
retort. Some considerable difficulty was encountered through this By ¢ 
mixture becoming warm and fuming before it could be added, and Bis og 
a considerable improvement was effected by interposing a short Biren 


water-condenser between the funnel and the retort. Distillation 
was continued until about two-thirds of the contents of the retort 
had passed over. The distillate was washed several times with 
water, dried over calcium chloride, and distilled from a salt-water 
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wih. The ethyl nitrate boiled constantly at 86°, and was kept 
wer a little anhydrous sodium sulphate until required for use. 
Reaction with Magnesium Methyl Iodide.—A mixture of 182 
rams of ethyl nitrate and 50 c.c. of dry ether was added drop by 
op to an ice-cold solution of magnesium methyl iodide, pre- 
ed in the usual way from 17°5 grams (34 mols.) of magnesium, 
(2 grams (34 mols.) of methyl iodide, and 250 c.c. of dry ether 
watained in a flask attached to a long reflux condenser. The 
yl nitrate-ether mixture was added during one hour, and reac- 
im was just perceptible. After about two-thirds of the mixture 
ad been added, the contents of the flask separated into two layers, 
ie lower being of a green, oily consistence, and the upper dis- 
jnctly milky. The flask was then removed from the ice and kept 
t the ordinary temperature for twenty-four hours, after which 
was again cooled in ice, and the contents cautiously decomposed 
ith 50 cc. of cold water. With this quantity of water, the 
ugnesium hydroxide separated as a stiff paste. During the decom- 
wsition, some nitric oxide was evolved, which was detected as 
itrogen peroxide at the top of the condenser by the instantaneous 
in on a moistened starch—potassium iodide paper. 
The contents of the flask were then distilled in steam until the 
wadensed water no longer showed an alkaline reaction. The base 
as collected in hydrochloric acid. The solution, after being con- 
uitrated to a small bulk, was evaporated to dryness in a vacuum 
a sulphuric acid. 
A small portion of the hydrochloride was recrystallised from a 
uxture of alcohol and ether, from which it separated in long 
edles. The compound softened at 92° and melted at 94—-96° 
fund: ~Cl=37°12, 37°08. NMe.OH,HCl requires Cl=36°41 
 cent.). The hydrochloride therefore appears to be con- 
minated with the hydrochloride of some base of lower molecular 
ight. 
lsolation of the base.—The crude hydrochloride was treated with 
lexcess of a very concentrated solution of potassium hydroxide 
1a small flask attached to a condenser, and the base dis- 
iled into a receiver cooled in ice. A volatile, uncondensed base 
wing an ammoniacal, fishy odour passed over first, then the 
perature quickly rose to 90°, and a readily condensible base 
collected, the greater portion at 93—95°, but the distillation 
‘continued up to 100°. The liquid in the receiver, which was 
‘sent in two layers, was shaken with 100 c.c. of ether and dried 
t barium oxide. On distillation, about 8 grams of crude pro- 
passed over at 91—96°, from which, on redistillation, 6 grams 
& base boiling at 94°5—95-5° (corr.) were obtained. The com- 
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plete removal of the ether used for solution presented som 
difficulty. 

The base had an unpleasant, ammoniacal odour. It quickly 
reduced Fehling’s solution, especially on gently warming, and 
reduced an ammoniacal solution of silver nitrate instantly in the 
cold. It had D™ 0°8877, and was readily soluble in water, forming 
a solution with a strongly alkaline reaction (Found: N=22-78 
22°82. C,H,ON requires N = 22°95 per cent.). 

The base was reduced by tin and hydrochloric acid to dimethy) 
amine, which was identified as its hydrochloride (Found: (|= 
43°48; N=17°09. Cale.: Cl=43°56; N=17°18 per cent.). 

The original base therefore appears to be 88-dimethylhydroxy! 
amine, as was suggested by Moureu (loc. cit.). 

BB-Dimethylhydrozylamine hydrochloride  crystallises  froy 
alcohol or from a mixture of ether and alcohol in small, elongated 
laminated plates melting at 102° (corr.). When crystallisation 
proceeds very slowly, the crystals are considerably more elongate 
than those deposited quickly. Its aqueous solution is acidic. lj 
is readily soluble in ethyl or methyl alcohol, but almost insolubl 
in all other common organic solvents. 

BB-Dimethylhydroxylamine oxalate is most readily prepared by 
the addition of a clear, ethereal solution of anhydrous oxalic acid 
to an ethereal solution of two equivalents of the base.  Atfte 
keeping for two hours, the precipitated salt is thoroughly washei 
with dry ether and recrystallised from anhydrous methy] alcoho 
from which it is deposited in small, hexagonal prisms melting ai 
154°. It is readily soluble in water, warm ethyl or methy] alecohdl 
sparingly so in hot acetone, and almost insoluble in all othe 
common organic solvents (Found: N=13'16, 13:14. C,H,0,.\ 
requires N=13-20 per cent.). 

This experiment indicated that traces of a base other thal 
AB-dimethylhydroxylamine were formed in the reaction, al 
further experiments were carried out in which 6 molecular pr 
portions of magnesium methyl iodide were employed. The pm 
cedure was as described above, except that the volatile base {ir 
coming over on distillation was collected in dilute hydrochlor 
acid. By evaporation in a vacuum over sulphuric acid, about ha 
a gram of crude dimethylamine hydrochloride was obtained. Alte 
two crystallisations from a mixture of ether and alcohol, the sal 
melted at 170°, and the melting point was not appreciably alter 
on mixing with a trace of pure dimethylamine hydrochloride. | 
this case, as before, the main product of the reaction ™ 
88-dimethylhydroxylamine. 

Experiments were carried out in which the products of reacti0! 
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§ ,fter decomposition with water, were extracted eighteen to twenty 
Titimes with ether, and the base then converted into the hydro- 
ciloride. The yield in this case was not so satisfactory on account 
of the difficulty of extracting the whole of the base with ether. 


Action of Magnesium Ethyl Bromide on Ethyl Nitrate. 


A solution containing 18-2 grams of ethyl nitrate in 60 cc. of 
fj dry ether was slowly added to magnesium ethyl bromide, prepared 
from 17°5 grams (34 mols.) of magnesium, 80 grams (3}$ mols.) 
of ethyl bromide, and 250 c.c. of ether, the flask being cooled to 
-3°, The reaction was very vigorous, much more so than in the 
case of magnesium methyl iodide. 

After decomposition of the product with water (60 c.c.), the 
base was removed by distillation in steam, as in the previous 
experiment. The aqueous solution of the hydrochloride was con- 
centrated in the water-bath, and finally in a vacuum over sulphuric 
acid. The free base was obtained as before, and the presence of 
sme base of lower molecular weight again indicated. 

The base (12 grams) boiled at 130—135°, with slight decom- 
position, reduced Fehling’s solution on warming, and an 
ammoniacal solution of silver nitrate in the cold. 

The oxalate was prepared by adding anhydrous oxalic acid to 
an ethereal solution of the base until no further precipitation took 
place. After recrystallising from methyl alcohol, the salt melted 
at 137—138°. The melting point of S8-diethylhydroxylamine 
oxalate is 136—137° (Dunstan, T., 1899, 75, 793) or 138° 
(Wieland, Ber., 1903, 36, 2317). 

The hydrochloride was prepared by treating an ethereal solution 
of the redistilled base with a solution of hydrogen chloride in the 
same solvent. The salt was extracted with a little water, and, 
after concentration of the aqueous solution in a vacuum over 
sulphuric acid, crystallised in long, colourless plates melting at 
63—64° (Wieland, Joc. cit.) (Found: Cl=27°98. Cale.: Cl=28°22 
per cent.). 

The base therefore appears to be B8-diethylhydroxylamine. 

By treating ethyl nitrate with 6 molecular proportions of mag- 
nesium ethyl bromide, a small quantity of a volatile base, which 
boiled at 55—58°, was obtained, the hydrochloride of which melted 
at 217° (the mixture with diethylamine hydrochloride melted at 
217—217°5°), from which it was evident that diethylamine was 


formed in this reaction. 
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Action of Magnesium Ethyl Bromide on Ethylene Glycol 
Dinitrate. 


Preparation of Ethylene Glycol Dinitrate.—Thirty grams 
of ethylene glycol (b. p. 137—139°/90 mm.) were esterified 
with a mixture of nitric and sulphuric acids 
40°00; H,SO,=58°85; HNO,=0°15; H,O=1'00 per cent.) in, 
large beaker surrounded by a freezing mixture, the glycol being 
added at such a rate that the temperature was maintained a 
10—12°. The ratio of acid to glycol was 7 to 1. Air stirring wa 
continued for ten minutes after the glycol had been added, ani 
the glycol dinitrate was then allowed to separate for thirty minutes, 
n» accelerator being employed. After removing the mixed acid 
the glycol dinitrate was washed with water at 25°, with sodium 
carbonate solution (1 per cent.), again with water, and, after 
filtration, dried in a partial vacuum over solid potassium hydroxide. 
It was thus obtained as a clear, mobile, faintly yellow oil 
(D® 1480) (Found: N=18-37, 18°41. Cale.: N=18°42 per cent.). 
The yield was 55 grams. 

Reaction with Magnesium Ethyl Bromide and with Magnesium 
Methyl Iodide.—A very vigorous reaction occurred when a mixture 
of 10 grams of ethylene glycol dinitrate and 30 c.c. of dry ether was 
added drop by drop during one hour to an ice-cold solution of mag- 
nesium ethyl bromide, prepared in the usual way from 12 grams 
(7 mols.) of magnesium and 54 grams (7 mols.) of ethyl bromide con- 
tained in a flask attached to a long reflux condenser. A greyish- 
white solid quickly separated, and the upper layer became distinctly 
milky. After keeping at the ordinary temperature for twenty- 
four hours, the flask was again placed in ice, and its contents 
cautiously decomposed with cold water (60 c.c.), some nitric oxide 
being thereby evolved. The base was then distilled in steam and 
purified, as in the previous experiments. 

Nine grams of a base, b. p. 132—137°, were obtained, the 
identity of which with 8§-diethylhydroxylamine was established 
by its conversion into the hydrochloride, m. p. 63—64°, and 
oxalate, m. p. 137—139°. 

After removal of the base, the ether contained a neutral pre 
duct, the quantity of which, however, was too small for 
investigation. 

In a similar experiment, in which 10 grams of the glycol 
dinitrate were added to a solution of magnesium methyl iodide, 
prepared from 12 grams (7 mols.) of magnesium, 70 grams 
(7 mols.) of methyl iodide, and 250 c.c. of dry ether, 6 grams of 
B8-dimethylhydroxylamine were obtained, the identity of the bas 
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being established by the b. p. and by its conversion into the hydro- 
chloride and the normal oxalate. The reaction of the glycol 
jinitrate with magnesium methyl iodide is much less violent than 
vith magnesium ethyl bromide. 


Action of Magnesium Ethyl Bromide and of Magnesium Methyl 
Iodide on Glyceryl Trinitrate (Nitroglycerol). 


Preparation of Glyceryl Trinitrate——Thirty grams of glycerol 
were esterified in the same manner as ethylene glycol. The pro- 
duct was stabilised by washing successively with water at 25°, 
1 per cent. sodium carbonate solution, and water, and, after 
filtration and drying in a vacuum over solid potassium hydroxide, 
yielded 62 grams of glyceryl trinitrate having a faintly yellow 
colour (Found: N=18-48, 18°49. Cale.: N=18°51 per cent.). 

Reaction with Magnesium Ethyl Bromide and with Magnesium 
Methyl Iodide.—A mixture of 10 grams of glyceryl trinitrate and 
60 c.c. of dry ether was added drop by drop to an ice-cold solution 
of magnesium ethyl] bromide, prepared from 12°5 grams (11 mols.) 
of magnesium, 57 grams (11 mols.) of ethyl bromide, and 250 c.c. 
of dry ether. Nine grams of {§8-diethylhydroxylamine were 
isolated in the usual way. 

In a similar experiment with a solution of magnesium methyl 
iodide, prepared from 75 grams of methyl iodide and the same 
quantity of magnesium as before, 6 grams of 88-dimethylhydroxy]l- 
amine were obtained from 10 grams of glyceryl trinitrate. 

The reaction with magnesium ethyl bromide was again observed 
to be much more vigorous than with magnesium methyl iodide. 


Action of Magnesium Ethyl Bromide and of Magnesium Methyl 
Iodide on Pentaerythritol Tetranitrate. 


Pentaerythritol tetranitrate was prepared by Vignon and Gerin’s 
method (Compt. rend., 1901, 183, 590). Eight grams of finely 
powdered pentaerythritol were added to 50 grams of nitric acid 
(97 per cent.) at 0°, the temperature being kept below 12° during 
the addition. At first the solution was clear, but the nitrate soon 
began to separate. The mixture was slowly added to 80 grams of 
concentrated sulphuric acid at 0°. After one hour, the product 
was collected, washed with water, dissolved in acetone, and pre- 
cipitated with alcohol; it then melted at 138—-139° (Found: 
N=17'53; 17°60. Cale.: N=17°72 per cent.). 

Pentaerythritol tetranitrate is almost insoluble in ether. The 
solution obtained by shaking 1 gram of the substance with 
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1000 c.c. of dry ether for two to three hours was added to a solu. 
tion of magnesium ethyl bromide, prepared from 1:2 grams of 
magnesium (14 mols.), 5 grams (14 mols.) of ethyl bromide, and 
30 c.c. of dry ether. A small quantity of base was obtained, and 
its identity with $f-diethylhydroxylamine established by con. 
version into the hydrochloride and the oxalate. 

In a similar manner, B8-dimethylhydroxylamine was obtained 
when magnesium methyl iodide was employed. 


The author is indebted to the Research Committee of Messrs, 
Nobel’s Explosives Company, Ltd., and particularly to Mr. 
Rintoul, for the facilities accorded him in carrying out this 
investigation. 


THE RESEARCH LABORATORIES, 


ARDEER Factory, 
STEVENSTON, N.B. [Received, December 28th, 1920.] 


XXXI.—The Melting Points of Mixtures of o- and p- 


Toluenesulphonyl Chlorides. 


By Leonarp Harp1nc. 


In connexion with an investigation of the toluenesulphonyl 
chlorides, it became desirable to obtain accurate data concerning 
the melting points of mixtures of the ortho- and para-isomerides. 
This question has been investigated by Holleman (Ber., 1911, 44, 
2504), but his method of preparing o-toluenesulphony] chloride did 
not appear very satisfactory, and he did not directly determine the 
eutectic point. His data indicate that the eutectic temperature is 
in the neighbourhood of 1°, and the eutectic mixture contains 
between 15 and 25 per cent. of the p-sulphony!] chloride. 


Preparation of o- and p-Toluenesulphonyl Chlorides. 


Holleman prepared the o-sulphonyl chloride after fractional 
crystallisation of the mixed barium salts obtained from the sulphon- 
ation product of toluene. The following method seems preferable 
as ensuring the purity of the o-sulphonyl chloride. Pure o-toluene- 
sulphonamide (m. p. 156°) is readily obtained by repeated frac- 
tional precipitation from a hot, approximately normal solution of 
the sodio-derivative. A portion of the solution is titrated, and 
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the amount of acid required to precipitate the whole of the amide 
determined. After heating the main portion of the solution to 
0°, a proportion of this amount of acid is slowly added, the pro- 
portion depending on the purity of the amide taken and the 
temperature at which the precipitate is filtered. Using an amide, 
m. p. 152—154°, and filtering at 65°, the amount of acid taken is 
9) per cent. of that required for total precipitation. The pure 
amide is but very slowly hydrolysed by prolonged boiling with 
nineral acids or sodium hydroxide solution ; the hydrolysis is com- 
pletely effected by dissolving the amide (250 grams) in concen- 
trated sulphuric acid (1100 grams), adding powdered sodium 
nitrite (110 grams) at 0°, and allowing the mixture to remain in 
the refrigerator overnight and at the ordinary temperature during 
the following day. The product is then poured into water, the 
slution neutralised with sodium hydroxide, evaporated to dryness, 
and the sodium o-toluenesulphonate extracted with boiling alcohol. 

The o-toluenesulphonyl chloride, prepared by treating this salt 
vith phosphorus pentachloride in the ordinary way, is purified by 
distillation under reduced pressure, and is thus obtained as a 
colourless liquid, b. p. 126°/21 mm., D7? 1°3383; after freezing, 
the substance melts at 10°17°. The refractive indices were deter- 


mined at 17°2° by the hollow prism method, n, 1°5528, n, 1:5575, 
n, 15713, and m, 1:5937; determinations made with the Pulfrich 
refractometer gave n> 1°55653. 

p-Toluenesulphonyl chloride was purified by repeated fractional 
crystallisation from light petroleum, followed by fractional dis- 
tillation under reduced pressure; it melted at 67°2°. 


The Melting-point Curve. 


Mixtures of the two chlorides were weighed into a large test- 
tube fitted with a thermometer reading to 0°1°, and a suitable 
stirrer, precautions being taken to prevent access of water vapour ; 
the test-tube was supported by a rubber fitting in a larger one 
suspended in a-water-bath. After the mixture had been partly 
frozen by slow cooling, the bath was gradually heated, and the 
temperature at which the last fragments of crystal disappeared 
recorded as the melting point. The melting points of the different 
mixtures were determined several times, fresh mixtures being either 
made up anew or prepared by adding one or the other chloride to 
the mixture already contained in the tube. 

When the results recorded in the following table were plotted 
a curve, the eutectic temperature was found to be 1°6°. This 
was confirmed by measurements made on the eutectic mixture itself 
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and by the fact that, when completely frozen mixtures were gradu- 
ally melted, a marked arrest on the temperature-time curv 
occurred at 1-6°. The eutectic mixture contained 17°5 per cent. 
of the para-isomeride. 


-Sulphonyl -Sulphonyl 

. aii, * aaa, 

per cent. per cent. 
0-0 18-0 
0 19-0 
20-0 
25-0 
29-1 
35°3 
42-2 
50-2 
56-2 
62-8 
68:8 
78-2 
89-7 
100-0 
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I take this opportunity of thanking Professor Sir William J. 
Pope and Dr. Mills for their advice and criticism. 


UNIVERSITY CHEMICAL LABORATORIES, 
CAMBRIDGE. [Recetved, January 27th, 1921.] 


XXXII.—The Solubility of Ethyl Ether in Solutions 
of Sodium Chloride. 


By Percy Cyrit Lestey THORNE. 


Tue lowering of the solubility of ether in water by the presence 
of dissolved substances in the water has been known for a very 
long time. In particular, the addition of sodium chloride to 
aqueous liquids which are to be extracted with ether is commonly 
adopted as a measure of economy in the laboratory. Quantitative 
experiments on the precise effect of the addition of sodium chloride 
to the aqueous layer are, however, only occasionally met with in 
the literature (Euler, Zeitsch. physikal. Chem., 1904, 49, 303; 
Bennett, Pharm. J., 1912, [iv], 35, 146; Thorin, Zeitsch. physikal. 
Chem., 1915, 89, 685; Linde, Arkiv. Kem. Min. Geol., 1917, 6, 
No. 20, 1). It seemed desirable, therefore, in view of the prac 
tical importance of this particular system and of its possible 
theoretical interest, to determine the solubility of ether in salt 
solutions for a complete range of concentrations of sodium chloride. 


IN SOLUTIONS OF SODIUM CHLORIDE. 


ExPERIMENTAL. 


Determinations of solubility were made at 15° and at 25° for a 
number of concentrations of sodium chloride. 

The ether used was distilled, washed with a solution of potassium 
permanganate and then with water, dried for a week over powdered 
alcium chloride, and finally over sodium. It was then redis- 
tilled and kept over sodium. It was obviously more essential to 
aclude alcohol than water from the ether used, which gave no 
jdoform reaction and no hydrogen with sodium. 

Twice-distilled water was used. The purest sodium chloride 
ibtainable was recrystallised from water, and found to be neutral 
ad free from calcium and magnesium, sulphates, etc.; a concen- 
trated solution was made, and diluted as required. 

About 150 c.c. of the salt solution were covered with an excess 
of ether in a stout, wide-mouthed bottle, which was then vigorously 
shaken mechanically in the thermostat. Equilibrium was found 
to be rapidly established under these conditions, but in all cases 
the shaking was continued for three and a-half to four hours. The 
temperature remained constant to 0°1°. 

A sample was removed from the aqueous layer in the bottle by 
the following method. The stopper was replaced by a rubber 
bung fitted with two glass tubes, one passing just through the 
bung, the other, of narrower bore, reaching to the bottom of the 
bottle. The end of the longer tube was drawn out to a fine point 
and sealed, whilst outside the bottle this tube was bent twice at 
right angles. On inserting the bung, the fine point was broken 
by contact with the bottom of the bottle, thus admitting the 
aqueous layer uncontaminated by the ethereal layer. By blowing 
into the shorter tube, a quantity of the aqueous layer was forced 
over into the analysis apparatus. 

The ether dissolved by the salt solution was estimated by trans- 
ferring the sample to a small distillation flask containing about 
10 c.c. of water, and attached at the side-tube to two U-tubes in 
series filled with calcium chloride. The whole apparatus was 
weighed before and after the addition of the sample, then dry air 
free from carbon dioxide was bubbled through the diluted sample 
by means of a long tube passing to the bottom of the flask. In 
this apparatus, the sample was thus immediately diluted to reduce 
the loss of ether, and the ether estimated by the loss in weight 
of the whole apparatus, when, after the passage of air for three to 
ix hours, it had become constant. 

_ The sodium chloride was estimated by diluting the liquid remain- 
ing in the flask and titrating a suitable volume with silver nitrate. 
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At least two samples were taken for analysis from each equil- 
ibrium mixture, generally on successive days. The results of the 
duplicate estimation did not vary by more than 2 per cent. of the 
weight of the ether. The mean is given in each case in the 
following tables, I at 15°, II at 25°. Both sets of results are 
plotted in Fig. 1. It can be seen that even small additions of 
sodium chloride to water decrease the solubility of ether in a 
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Grams of ether dissolved in 100 grams of solution. 


remarkable manner, the value being halved by the presence 
6 per cent. of the chloride. 


TABLE I. 
15°. 


Grams of Grams of | Grams of Grams of 
NaCl (c) ether (8) NaCl (c) ether (a) 
in100grams inl00grams_ (s) | in 100 grams in 100 grams (8) 

of solution. of solution. Cale. | of solution. of solution. Cale. 
0-0 8-43 (=8,) 8-750 3-20 2-99 
*0-91 8-10 | 11-08 2-32 2-22 
1-033 7-73 0! 14-16 1-55 1-50 
2-300 6-67 16-24 1-11 1-15 
3-307 5-81 . 21-58 0-577 0-582 
5-881 4-37 . | 23-18 0-454 0-473 
7-108 3-91 . | 26-52 0:307 0-309 


* Bennett (loc. cit.). 


Fig. 2 is obtained by plotting the values of ¢ and log,,s at both 
temperatures, and the fact that two straight lines are obtained 
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indicates a relation of the form logs=a—ke, where s is the solu- 
bility of ether in brine of concentration ¢c grams in 100 grams of 
wlution, & is a constant depending on the temperature and the 
nature of the dissolved substance, a is a constant approximately 
equal to logy» 8, where s, is the solubility of ether in pure water. 
Replacing a by log,y%, we have log s=log s,—ke, or 


] s 
: log - = k. 


The constant & has the value 0°0555 at 15° and 0:0536 at 25° 
when logarithms tc base 10 are used and concentrations expressed 
in grams per 100 grams of solution. The solubilities of ether 
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TaBLeE II. 
25°. 


Grams of Grams of Grams of Grams of 

_ Nal (c) ether (s) NaCl (c) ether (8) 

n100grams in 100 grams (s). inl00grams inl00grams_ (s). 

ofsolution. of solution. Cale, of solution. of solution. Cale. 
0-0 6-05 6-76 7-812 2-57 2-57 

*0-91 5-96 6-04 11-08 1-88 1-72 

2-837 4:78 4°76 15:79 0-979 0-963 
5-970 341 3°24 21-18 0-463 0-495 

24-90 0-309 0°312 


* Bennett (loc. cit.). 
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calculated from the equation are given in column 3 of tables | 
and II, and the agreement with the observed results is good, except 
at concentrations below 1 per cent. 

This relation has not hitherto been recorded in reference to the 
system ether-sodium chloride—water. The less extensive values of 
Linde (loc. cit.), when similarly plotted, also give a straight line, 
but he does not suggest such a relation. Equations of a similar 
nature have, however, been deduced by several investigators when 
working with similar systems, for example, Setschenov (Zeitsch, 
physikal. Chem., 1899, 4, 117; Ann. Chim. Phys., 1892, [vi], 25, 
226), with various salts and carbon dioxide; Bodlinder (Zeitsch, 
physikal. Chem., 1891, 7, 308), with alcohol and sucrose; Euler 
(Arkiv. Kem. Min. Geol., 1903, 1, 133), with various salts and 
aniline; Knopp (Zeitsch. physikal. Chem., 1904, 48, 97), with 
various salts and hydrogen or nitrous oxide; Dawson (J. Soc. 
Chem. Ind., 1920, 39, 1511), with sodium sulphate and phenol. 
In these systems (except in the case of sucrose—alcohol—water), a 
non-electrolyte, a gas or liquid of comparatively low solubility, 
is expelled from the solution by an electrolyte which is fairly 
soluble. The converse case, in which a slightly soluble electrolyte 
is made less soluble by the addition of a non-electrolyte of con- 
siderable solubility, has been studied for many systems by Roth- 
mund (Zeitsch. Hlektrochem., 1908, 14, 532; Zeitsch. physikal. 
Chem., 1909, 69, 523), who found that a similar relation existed. 
He gives in his second paper a theoretical deduction of the 
logarithmic law in the two cases, stating it in the general form 


Hoffmann and Langbeck (Zeitsch. physikal. Chem., 1905, 51. 
385) give two logarithmic expressions of greater complexity to 
summarise the results of their work on the alteration in solubility 
in water suffered by benzoic, o-nitrobenzoic, and salicylic acids on 
the addition of electrolytes and non-electrolytes, respectively. 

A logarithmic relation of the type applicable to the salting out 
of ether appears, therefore, to express the equilibria in a large 
number of similar systems, and as it can be deduced thermo 
dynamically, is preferable to merely empirical equations of more 
restricted utility. 

The closely related results of some other workers have been 
plotted in similar fashion by the present author, and straight lines 
obtained in the following cases: 
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Electrolyte. Non-electrolyte. 


Steiner (Wied. Ann., 1894, (2), 52, 275) ... Sodium chloride Hydrogen 
Buler (Zeitsch. physikal. Chem., 1904,49,303) Sulphuric acid Ether 
Kremann (Monaish., 1910, 31, 275)... ... pe - a 
linde (Arkiv Kem. Min. Geol., 1917, 6, 

‘ ae ... Sodium chloride Ether 


No. 20, 1) ... are - 
Sodium acetate - 
Sodium chloride Ethyl acetate 
Sodium acetate 9» ” 


In no case does the straight line pass accurately through the 
point obtained for the solubility of the non-electrolyte in water, 
and the values for low concentrations, when given, do not lie on 
the line. Euler’s values for the system ether—sulphuric acid—water 
are only given for three concentrations, and are therefore scarcely 
conclusive; those of Kremann for the same system at 0° range 
from 16°9 grams to 81°6 grams of sulphuric acid per 100 grams of 
dilute acid, and, with the exception of the solubility value for pure 
water, which is particularly distant from the theoretical point, and 
the value for 49-1 per cent. sulphuric acid, lie very near a straight 
line. 

Without doubt, many other similar systems would give results 
in accordance with the general equation brought forward in this 


paper. : 
TaB_e III. 


Interpolated Values. 
15°. 25°. 

Grams of Grams of Molecular Grams of Gramsof Molecular 
NaCl (c) ether (8) hydration NaCl (c) ether (8) hydration 
inl00grams in100 grams _ of NaCl in 100 grams in 100grams_ of NaCl 
of solution. of solution. (A). of solution. of solution. (A). 

8°43 (8) — 
8°06 [24°9] 
7:09 [22-6] 
5°49 25°1 
4°84 24°4 
4°26 24°1 
3°30 21°5 


1°35 15°0 
0°71 11°6 


0 
1 
2 
4 
5 
6 
8 
10 2°55 19°4 
15 
20 
25 0°37 9°2 


In seeking for the cause of the lowering of solubility one comes, 
uaturally, to the idea of hydration of the salt in solution. Taking 
as basis the suggestion of Philip (T., 1907, 91, 711) that solvent 
thus attached to the solute is unavailable for the solution of a 
second solute, the molecular hydration of the sodium chloride has 
been calculated for the interpolated values given in table III. 
The water required to dissolve the observed quantity of ether was 
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calculated in each case from the solubility of ether in water, and 
the remaining water actually present was assumed to be used in 
hydrating the sodium chloride. 

The values of H are given as molecules of water per molecule 
of sodium chloride, and are obtained by substitution in the 
expression 

58:5 /100 s,-s 
we ( ya = 1). 
18 c So 


The values obtained for the hydration at low concentrations of 
sodium chloride (below 4 per cent.) are obviously affected by other 
factors. For greater concentrations, the molecular hydration js 
considerably larger than that obtained by various methods by other 
workers. Thus Biltz (Zeitsch. physikal. Chem., 1902, 40, 220) 
obtained 19 and 25 as the hydrations of sodium chloride in V/?. 
and NV /10-solutions, respectively, using the freezing-point method, 
and 14°5, 14°8, and 16°3 for W/1-, N/2-, and WN /4-solutions, 
respectively, at 20° from the reduction in solubility of phenyl- 
thiocarbamide (Zeitsch. physikal. Chem., 1903, 48, 41). 

The explanation may be that the ether is itself hydrated in 
aqueous solution. 

It is hoped by wider application of the relations discussed in 
this paper to elucidate further the vexed problems of solution; 
work on the salting out of certain dyestuffs is now being carried on. 


Summary. 


(1) The solubility of ethyl ether in solutions of sodium chloride 
has been determined at 15° and at 25°. It decreases with 
increasing concentration of the salt. 

(2) The logarithm of the weight of ether dissolved is found to 
vary directly with the concentration of sodium chloride, except in 
dilute solutions. 


(3) The expression * log “2 =k holds, not only for this system, 


but for many other similar systems. 
(4) The hydration of the sodium chloride has been calculated 
from these results. 


Tue Sm Joun Cass Tecunicat INSTITUTE, 
Jewry Srreet, Atpcate, E.C. (Received, January 13th, 1921.) 
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THE ACTION OF AMMONIA ON ACETONE. 


XXXIII.—The Action of Ammonia on Acetone. 
By Tuomas STEwART PATTERSON and ANDREW McMILLAN. 


Iv the course of the preparation of diacetonamine as an inter- 
mediate product in the synthesis of f-eucaine, acetone was 
aturated with ammonia four or five days in succession, and allowed 
to stand for about a fortnight or three weeks, the solution being 
then worked up for diacetonamine hydrogen oxalate. In the case 
of one preparation, however, it was noticed, after a rather cold 
night, that a crystalline substance had separated out, which at 
frst was thought to be due to the bottle not having been properly 
deaned. But on the following day, after another night colder 
than usual, the bottle was almost half full of this crystalline com- 
pound, which obviously could not be due to impurity. The 
eystals formed thin prisms one or two inches long. When some of 
the other preparations, which had been well saturated with 
ammonia, were cooled in a freezing mixture and a little of the 
slid compound was added, further large quantities of the sub- 
stance crystallised out. Other preparations, from which nothing 
separated in this way, were again saturated with ammonia in the 
cold, and in a week or so the compound could easily be obtained 
from them also. 

The properties of the new substance have been examined, and 
the following is a brief provisional account of the experiments 
which have been instituted and the results so far arrived at. It 
is communicated as a preliminary announcement for the purpose 
of claiming pay and the right to the further investigation of 
the subject. 

The new compound is easily soluble in ether, but crystallises well 
from it, as also from benzene. It melts sharply at 45°, and 
volatilises very rapidly. It has a slightly basic smell (Found: 
N=16'75 per cent.). On quick titration, 0°3946 gram of the sub- 
stance, dissolved in water, required 22-6 c.c. of 0°1079N-hydro- 
chloric acid to bring about the colour change with methyl-orange, 
but the solution quickly became alkaline again, and 42°2 c.c. of 
acid were required before a permanent end-point was reached.* 
In another experiment, 0°3944 gram of the base was dissolved in 
50 c.c. of the above acid. The solution was then heated for a 
few minutes, and, on cooling, the excess of acid was titrated with 

*To determine the strength of a solution of acetone which had been 


saturated with ammonia, Heintz (Annalen, 1877, 189, 214) added the alkaline 
solution to one of oxalic acid. 
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0-0565N-potassium hydroxide, 14:9 c.c. being required. It would 
appear from these results that there are two basic centres in the 
molecule, one being acted upon by hydrochloric acid much more 
rapidly than the other. Assuming that the base is di-acid, the 
molecular weight calculated from these two (complete) titrations 
is 173°7 and 173°2 respectively. C,H ON, requires N=16°28 per 
cent. ; M=172. 

Some of the new compound was dissolved in ether, and dry 
hydrogen chloride was passed through the solution. A white, crys- 
talline solid which separated was filtered off and dried. On analysis, 
this hydrochloride was found to contain 19-5, 19°2, 18°75 per 
cent. of chlorine, whereas the formula C,H.,ON,,HC1 requires 
17°11 per cent. It would therefore appear that hydrochloric acid 
is added on at one of the nitrogen atoms preferentially, and that 
the slightly high result is probably due to a small proportion of 
hydrogen chloride having been added on at the other nitrogen atom 
also. Taking all these results together, the most probable formula 
for the substance seems to be CH,*CO-CH,*CMe,*NH-CMe,:NH.,. 

The hydrochloride precipitated from ethereal solution shows a 
peculiar behaviour when heated with alcohol. The hydrochloride 
goes into solution, but almost immediately a white precipitate 
separates out of the solution again. This precipitate on analysis, 
without special purification, gave figures lying somewhere between 
those for ammonium chloride and for methylamine hydrochloride, 
but the precipitate seemed too easily soluble in alcohol to be 
ammonium chloride. This point requires further investigation. 

From these experiments, it was at first supposed that the new 
compound was formed on account of excessive saturation with 
ammonia, and that its formation was to be avoided in the prepar- 
ation of diacetonamine hydrogen oxalate. The following experi- 
ment was therefore carried out. One litre of acetone was cooled 
in a freezing mixture and saturated with ammonia. The stopper 
of the bottle was tied in, and after ten days, when the smell of 
ammonia had almost entirely disappeared, this liquid was worked 
up for diacetonamine hydrogen oxalate, when 600 c.c. of the 
solution yielded 400 c.c. of recovered acetone and 400 grams of 
combined oxalates (ammonium, diacetonamine, etc.). This, om 
extraction with rectified spirit, gave 182 grams of insoluble residue 
(ammonium hydrogen oxalate, etc.) and 205 grams of diaceton- 
amine hydrogen oxalate—not including a few grams still contained 
in the mother liquor. 

By carrying out the process when the smell of ammonia had 
practically disappeared, it was expected that little or no ammonium 
oxalate would be produced. That this expectation is not realised 
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gems to show that when acetone is saturated with ammonia, it is 
not diacetonamine which exists in the solution, but probably in 
the first place OH-CMe,-NH-CMe,*NH,, which then condenses with 
more acetone to yield the compound, 
CH,°CO-CH,*CMe,*NH-CMe,"NHg. 

On treatment with oxalic acid, the latter substance decomposes, 
either at once or on heating, into diacetonamine hydrogen oxalate 
and ammonium oxalate, and possibly in other ways, in much the 
same manner as was mentioned above for the hydrochloride. 


OgGANIC CHEMISTRY DEPARTMENT, 
UNIVERSITY OF GLASGOW. [Received, April 8th, 1916.] 


XXXIV.—1 : 1-Dimethylcyclohexane from Methyl- 


h eptenone. 


By Artuur Wittiam CrossitEy and Nora REeEnovr. 


Ivy 1913, further work with hydroaromatic hydrocarbons was com- 
menced, and as there seems no present possibility of completing 
the researches, it appears worth while to place on record the 
following brief account of certain points, which were definitely 
established in regard to 1:1-dimethyleyclohexane during 
1913—1914. 

The hydrocarbon was first prepared in a pure condition in 1905 
(T., 87, 1487) from 1:1-dimethyldihydroresorcin as starting point, 
the main object of the investigation being to prove or disprove 
the identity of this substance with the hydrocarbon, C,Hy,, 
obtained by Zelinsky and Lepeschkin (Annalen, 1901, 319, 303) 
from laurolene and isolaurolene, which they believed to be 
1:1-dimethylcyclohexane. 

Zelinsky’s hydrocarbon was proved not to be identical with 
1:1-dimethyleyclohexane, and at a later date (T., 1906, 89, 26) 
it was shown that dihydrossolaurolene is 1:1:2-trimethyleyclo- 
pentane and dihydrolaurolene is a mixture, the constituents of 
which were not definitely established. 

In 1913, Zelinsky and Lepeschkin (J. Russ. Phys. Chem. Soc., 
45, 613) described experiments showing that 1:1-dimethyleyclo- 
hexane, “identical in properties with the hydrocarbon obtained 
by Crossley from dimethyldihydroresorcin,” could be obtained 
from methylheptenone, and that the hydrocarbon so produced, 
when brominated, gave rise to tetrabromo-p-xylene. It has been 
frequently recorded that derivatives of 1:1-dimethyleyclohexane 
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can be readily transformed into aromatic substances, which 
have, however, proved to be derivatives of o-xylene, and not 
p-xylene (T., 1904, 85, 264; 1906, 89, 875; 1908, 93, 633; 1914 
105, 165). It was therefore decided, in the first instance, to pre. 
pare some of the hydrocarbon from methylheptenone, and then 
to compare its properties with those of 1: 1-dimethylcyclohexane, 
Zelinsky indicates the reactions by which he obtained 1 :1-4j. 
methylceyc/ohexan-3-one from methylheptenone ; the former of these 
two ketones can readily be converted into 1 : 1-dimethylcyclohexane, 
and therefore it follows that if the ketone can be obtained from 
methylheptenone, so also can the corresponding hydrocarbon. 
There is no difficulty in preparing pure acetylmethylheptenone, 
(CH ),.C:CH-CH,°CH,*CO-CH,°CO-CH,, from methylheptenone 
(Barbier and Leser, Bull. Soc. chim., 1897, [iii], 17, 748), but the 
conversion of the acetyl derivative into acetyldimethylcyclohexan- 
one (I) under the influence of sulphuric acid (Leser, Bull. Sov. 


O(CH,), O(CH,), 
CH, CO-HC/ Nou, CH,-CO-CH,” NCH, 
oc HOC. bn, 

OH, 


chim., 1899, [iii], 21, 546) is a very complicated reaction, as, 
indeed, was realised by Leser in later communications (Bull. Soc. 
chim., 1900, [iii], 28, 370; 1902, [iii], 27, 64; Ann. Chim., 1912, 
26, 227). Leser in the last-quoted paper (ibid., p. 243) recom- 
mended the use of pure commercial sulphuric acid (66°), but we 
have found that the best results are obtained by employing 80 per 
cent. acid, although even then the yield is small, amounting after 
the sodium bisulphite treatment to about 15 grams of acetyldi- 
methyleyclohexanene from 116 grams of pure acetylmethyl- 
heptenone. 

When hydrolysed with a 20 per cent. aqueous solution of potass- 
ium hydroxide in the cold, 16 grams of acetyldimethylcyclohexan- 
one gave as principal product acetyldimethylhexoic acid (II), as was 
proved by the fact that, on oxidation, there resulted an almost 
quantitative yield of Bf-dimethylpimelic acid, melting at 102°5° 
(III). 
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Only 3 grams of a ketone were obtained, which was proved to 
be 1:1-dimethyleyclohexan-3-one (T., 1907, 91, 81), because, on 
reduction with sodium in moist ethereal solution, it gave an 
icohol, the o-nitrobenzoyl derivative of which melted at 62°, and 
his melting point was not lowered on admixture with the o-nitro- 
benzoyl derivative of 1:1-dimethylcyclohexan-3-ol (T., 1915, 107, 
04). Moreover, the ketone gave a liquid oxime, from which the 
benzoyl derivative was prepared, melting at 66—68°, but not 
becoming quite clear until 80°. Further fractionation from 
aqueous alcohol gave a pure substance melting at 91—92°, and 
this melting point was not altered on mixing with the benzoyl 
derivative of the oxime of 1:1-dimethylcyclohexan-3-one. 

When the benzoyl derivative of the oxime of 1 :1-dimethyleyclo- 
hexan-3-one was first described (T., 1907, 91, 81), the melting 
pint was given as 69°, which is incorrect. The notes made at 
the time show that this was not as sharp a melting point as the 
above statement indicates, and that the substance did not com- 
pletely clarify until 80°. Fortunately, the original specimen, pre- 
pared in 1907, had been preserved, and it was found that, on 
further crystallisation from aqueous alcohol, a pure. substance 
melting at 91—92° was produced. 

These facts prove that 1:1-dimethyleyclohexan-3-one can be 
prepared from methylheptenone, and therefore the hydrocarbon 
obtained by Zelinsky and Lepeschkin (ibid.) in 1913 from methy]- 
heptenone was 1:1-dimethyleyclohexane. Though this is a fact 
of some considerable interest, this method is by no means to be 
reeommended for the preparation of the hydrocarbon. 

Zelinsky (ibid.) states that, when treated with bromine in 
presence of aluminium bromide, his hydrocarbon “ gave very easily 
tetrabromo-p-xylene melting at 256°. As a control, the tetra- 
bromide was prepared directly from p-xylene, and was found to 
melt at 256—257°, whilst a mixture of the two tetrabromides 
melted at the same temperature.” 

As already mentioned, in all cases noted by the present authors 
of the transformation of hydroaromatic substances into aromatic 
compounds necessitating the wandering of a methyl group, such 
group has always taken up an ortho-position relative to its original 
situation. It is true that in the dry distillation of the phosphate 
of 3:5-diamino-1:1-dimethyleyclohexane (T., 1909, 95, 935), a 
neta-derivative was produced, but the cases are not strictly 
analogous, and, as suggested, if both methyl radicles in the gem- 
dimethyl group swing into ortho-positions, a meta-body would 
result. 

For these reasons, it seemed essential to inquire further into 
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the suggested transformation of 1:1-dimethylcyclohexane into 4 
derivative of p-xylene. 

In the first instance, the tetrabromo-derivatives of 0-, m-, and 
p-xylene were prepared by slowly adding the hydrocarbon to the 
theoretical quantity of bromine, to which a trace of iodine had 
been added. All three derivatives crystallised from purified com. 
mercial xylene in long, slender, glistening needles. 


Ortho. Meta. Para. 
Melting points see na 257° 248° 249° 
Resolidifying points sae 252° 241° 244° 


The mixed melting points were found to be as follows: 


Ortho + meta. Ortho + para. Meta + para. 
250—252° 250—253° 247—249° 


It is interesting to note that, in 1919, R. and W. Meyer (Ber., 
52, [B], 1250) gave practically identical data regarding the melt- 
ing points of these substances. In such instances, no very definite 
information can be gained from a consideration of the mixed 
melting points, but it is clear that the melting point of Zelinsky’s 
tetrabromide (256°) corresponds more closely with the melting 
point of tetrabromo-o-xylene than with that of tetrabromo-p 
xylene, and the ortho-derivative is the only one of the three which 
melts above 250°. 

To test the point further, some pure 1: 1-dimethyleyclohexane, 
prepared from dimethyldihydroresorcin, was brominated with 
bromine and aluminium bromide, as described by Zelinsky, but the 
melting point of the resulting tetrabromo-derivative (A) could not 
be raised above 252°. The following mixed melting points were 
obtained : 


A + tetrabromo-o-xylene (257°), 254—256°, 
A +tetrabromo-m-xylene (248°), 250—252°, 
A +tetrabromo-p-xylene (249°), 250—252°, 


from which it is seen that mixed melting-point determinations are 
useless for the purpose of identifying the tetrabromo-derivatives 
of the xylenes. 

The reaction is a very drastic one, and possibly the explanation 
is similar to that suggested above as taking place in the dry dis- 
tillation of the phosphate of 3:5-diamino-1 : 1-dimethylcyclo- 
hexane, where, in part, both groups in the gem-dimethy]l radicle 
wander into ortho-positions, thus giving rise to a small amount of 
the meta-derivative, which slightly affects the melting point of the 
main product, namely, tetrabromo-o-xylene. 

In a previous paper (T., 1905, 87, 1498), it was stated that 
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vhen 1:1-dimethylcyclohexane was treated with a mixture of 
titric and sulphuric acids, a nitrogenous substance was produced 
melting at 113—114°, but in amount too small for complete 
identification. At a later date (T., 1908, 93, 646) it was shown 
that 1: 1-dimethyl-A?:5-cyclohexadiene gave, under the influence of 
nitric acid, smaJl amounts of the two trinitro-o-xylenes, melting 
respectively at 71° and 115°, and it seemed that the above- 
mentioned substance might be one of the two trinitro-o-xylenes. 
Twelve grams of pure 1:1-dimethylcyclohexane were therefore 
treated under the conditions already described, when a small 
amount of solid was produced, crystallising in transparent needles 
and melting at 115°; this melting point was not lowered on mixing 
with 3:4:5-trinitro-o-xylene (T., 1909, 95, 211). The nitrogenous 
substance encountered in 1905 was evidently the same trinitro-o- 
xylene. 

The original mother liquor from which the substance melting 
at 115° had separated was saturated with ammonium sulphate, 
when a further quantity of solid was obtained, which crystallised 
from dilute alcohol in transparent, flattened needles melting at 
72°; this melting point was not lowered on mixing with 3:4:6- 
trinitro-o-xylene (T., 1909, 95, 211). 

There would not, therefore, appear to be any evidence of the 
production of a derivative of p-xylene from 1:1-dimethyleyclo- 
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hexane or of the wandering of a methyl group in such reactions, 
other than ortho to its original position. 


This work was carried out in the laboratories of the Pharma- 
ceutical Society of Great Britain and of the University of London, 


King’s College, during 1914. 
[Received, February 14th, 1921.] 


XXXV.—Gallotannin. Part XII.* 


By MaxtmiL1aN NIERENSTEIN, CHARLES WILLIAM SPIERS, and 
ARTHUR GEAKE. 


Bucuner (Annalen, 1845, 52, 363) was the first to show that 
ellagic acid is formed when alkaline solutions of gallotannin are 
exposed to air. His observations were subsequently confirmed 
by Schiff (Annalen, 1873, 170, 79; Ber., 1879, 12, 1534), Herzig 


* Part XI. : Geake and Nierenstein, Ber., 1914, 47, 891. 
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and Broneck (Monatsh., 1908, 29, 248), Sisley (Bull. Soc. chim,, 
1909, [iv], 5, 727), and Trunkel (Arch. Pharm., 1911, 248, 202). 
The latter two considered the production of ellagic acid as experi. 
mental evidence for the presence of the m-digallic nucleus in 
gallotannin : 
—_Cto—0—,; ——Cco—0—, 

( \ * hp, es /\on 
HO 

\ 
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( \ox 
—> | | op gol | 
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Both Sisley and Trunkel have to some extent overestimated the 
importance of their results, since ellagic acid is also produced from 
methyl gallate under identical conditions (Ernst and Zwenger, 
Annalen, 1871, 159, 92; A. G. Perkin and Wilson, T., 1903, 88, 
133). We may therefore assume that the formation of ellagic 
acid from gallotannin proceeds either as suggested by Sisley and 
Trunkel, or in the manner by which ellagic acid is produced from 
the mononuclear methy! gallate. 

Our observations seem to support the contentions of Sisley and 
Trunkel, for the following reasons: (1) If the oxidation of gallo 
tannin is interrupted before the maximum amount of ellagic acid 
has been produced, a tannin-like residue is left. This residue 
(gallotannin residue A) contains no free ellagic acid, but gives 
ellagic acid, gallic acid, and dextrose on hydrolysis with dilute 
sulphuric acid. (2) The ellagic acid produced on hydrolysis of 
gallotannin residue A does not exist in the original gallotannin, 
but is formed during oxidation. Special emphasis must be laid 
on this point, since ellagic acid is a normal constituent of the 
tannin from Aleppo galls (Fischer and Freudenberg, Ber., 1914, 
47, 2485) and Knopper galls (Nierenstein, T., 1919, 115, 1174). 
Great care was therefore taken to establish with certainty the 
absence of ellagic acid in the specimen of Schering’s tanninum 
levissimum purissimum I [purified according to Fischer and 
Freudenberg’s method (Ber., 1912, 45, 915)] used by us during the 
whole investigation. For the detection of ellagic acid we used 
Fischer and Freudenberg’s method, described by them in their 
research on Aleppo tannin (loc. cit.). (3) There is a distinct 
difference in the manner in which ellagic acid is produced from 
gallotannin and methyl gallate. Whereas the former gives rise 
only to ellagic acid, methyl gallate produces simultaneously ellagic 
acid and galloflavin, due to the formation of gallic acid by hydro- 
lysis (compare Bohn and Graebe, Ber., 1884, 20, 2370). 

During the present investigation, we have attempted a quanti- 
tative study of the production of ellagic acid from gallotannin. 
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Qur results show that there are two distinct stages which underlie 
his process. The first stage produces a maximum of about 60 per 
wnt. of ellagic acid; the second stage gives rise only to traces of 
ilagic acid, but yields about 8 per cent. of dextrose. These two 
tages do not synchronise, since the dextrose is mainly formed after 
ill the ellagic acid has been produced. It therefore seems as if 
the dextrose is derived from a source which is only capable of 
producing little or no ellagic acid. This source (gallotannin 
rsidue B), which corresponds with about 30 per cent. of the 
gallotannin used, yields on hydrolysis with dilute sulphuric acid 
approximately 2 per cent. of ellagic acid, 9 per cent. of dextrose, 
and 84 per cent. of gallic acid. 

We were at first inclined to regard these results as confirmatory 
evidence in favour of the pentadigalloylglucose formula of Fischer 
and Freudenberg (Ber., 1912, 45, 923). We assumed that the 
alkali removes at first, as in the case of penta-acetylglucose (Arm- 
trong and Arup, T., 1904, 85, 1043), four digalloyl residues, 
which would thus account for the first stage, during which ellagic 
acid is mainly formed. This stage is then followed by the elimin- 
ation of the fifth digalloyl nucleus, which gives rise to the form- 
ation of little ellagic acid, the main product being dextrose (second 
stage). 

This interpretation of the reaction clearly does not account for 
the production of gallotannin residue B, referred to above. To 
ducidate this point, the formation of ellagic acid from partly 
hydrolysed gallotannin [gallotannin residue C, prepared by acid 
hydrolysis according to Geake and Nierenstein’s method (Ber., 1914, 
47, 891)] was also studied. It seemed likely that gallotannin 
residue C’ would not yield the correspondingly large residue incap- 
able of producing ellagic acid. At the same time, it seemed 
reasonable to expect that gallotannin residue C, that is, partly 
hydrolysed pentadigalloylglucose, would yield ellagic acid and 
dextrose simultaneously if our assumption was correct. This was, 
however, not the case. We again observed two distinct stages, 
which yielded, respectively, a maximum of about 45 per cent. of 
dllagic acid and 9 per cent. of dextrose. A residue (gallotannin 
residue D), which yielded only traces of ellagic acid, but mainly 
gallic acid and dextrose on hydrolysis with dilute sulphuric acid, 
was also obtained. 

We consequently approached the question from another point 
of view. It seemed to us that if our previous assumption was 
correct, the methyl derivative of partly hydrolysed pentadigalloyl- 
glucose, that is, gallotannin residue C, should yield on hydrolysis 
partly methylated glucose. Gallotannin residue C was therefore 
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methylated with diazomethane, and subsequently hydrolysed with 
glacial acetic acid. Tetramethyl glucose was obtained, which again 
seemed contrary to our views and to the pentadigalloylglucose 
formula, since it was feasible to expect the formation of a less 
methylated glucose residue on hydrolysis. 

As a check on these results, we extended the hydrolysis to 
methylogallotannin itself. Gallotannin was methylated with 
diazomethane (compare Herzig, Ber., 1905, 38, 989), and the 
methylo-derivative hydrolysed with glacial acetic acid, when we 
again obtained tetramethyl glucose. This unexpected result 
seemed to us so fundamentally opposed to Fischer’s pentadigalloy!- 
glucose formula that we asked Prof. J. C. Irvine to examine our 
product. Prof. Irvine kindly undertook the investigation, and 
was able to establish the identity of our tetramethyl glucose. 

From these results we are forced to one of two conclusions: 
(i) contrary to the pentadigalloylglucose formula for gallo- 
tannin, four hydroxyl groups of the glucose are free; (ii) the 
diazomethane has replaced the acyl groups, as observed by Herzig 
and Tischatschek (Ber., 1906, 39, 268, 1587) in the case of a few 
acetylated phenols. To check such a remote possibility as (ii), we 
have prepared pentagalloylglucose (Fischer and Bergmann, Ber., 
1918, 51, 1760). This, on methylation with diazomethane and 
subsequent hydrolysis with glacial acetic acid, yielded glucose, and 
not tetramethyl glucose. 

These observations reopen the question as to whether penta- 
digalloylglucose actually represents the constitution of gallotannin. 
It should be noted that Fischer’s researches have not brought for- 
ward direct evidence in favour of his formula. All his deductions 
are of an entirely indirect character, and are based on the 
similarity—not the identity—of his synthetic products with gallo- 
tannin (compare Fischer, Ber., 1913, 46, 3253; 1919, 52, 809; 
also Forster, T., 1920, 117, 1177). It must also be borne in mind 
that we have no proof that gallotannin is a uniform product, even 
if purified according to Fischer's method. Thus, for example, 
Feist and Haun (Arch. Pharm., 1913, 251, 468) have shown that 
methylogallotannin from Fischer’s purified gallotannin may be 
separated into three fractions containing, respectively, MeO =3077, 
37°6, 33-2 per cent., whereas Iljin (Ber., 1914, 47, 895) has demon- 
strated that gallotannin having [a], +75°0° in water [compare 
Fischer and Freudenberg (Ber., 1912, 45, 921), who find 
[ajp +72°7° in water for gallotannin purified according to their 
method] gives a series of fractions, where [a], is + 137°8°, + 122°1°, 
+ 134°3°, + 106-69, +114°8°, +8919, +21°8°, +16°4°. 

Very few chemical problems have been so discouraging as the 
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themistry of gallotannin. Since Scheele’s first attempt in 1787 to 
prepare a pure “Gallapfelsalz” by a method which is, incident- 
ily, similar to that employed by Fischer, the chemistry of gallo- 
iamnin has been one long chain of disappointments. We find 
ourselves again faced with the necessity of regarding Fischer’s 
pentadigalloylglucose formula and the advance for which it stands 
with reserve, if not with doubt, and we have consequently to 
consider the question as still open. In view of these facts, we 
publish our results without attempting to draw any conclusion as 
to the constitution of gallotannin. This seems to us the only 
feasible course at the present stage of the investigation, since we 
are now engaged in a revision of our previous researches on gallo- 
tannin, which were published during 1905—1914. 


Ex PERIMENTAL.* 


Quantitative Observations on the Production of Ellagic Acid 
from Gallotannin. 


The oxidations were carried out in measuring cylinders, moist 
air free from dust being aspirated through the alkaline solutions 
of gallotannin for a known length of time and at a constant 
temperature. The precipitates formed were collected in an 
alundum crucible, washed with distilled water containing a little 
ammonium carbonate, and subsequently treated with dilute hydro- 
chloric acid (0°6 part in 20 parts). The ellagic acid thus formed 
was washed (i) with water acidulated with a few drops of hydro- 
chloric acid, and (ii) with distilled water. It was finally dried 
to a constant weight at 150°. The alkaline filtrate and the first 
washings of the ellagic acid precipitates were quantitatively tested 
for dextrose by Fischer and Freudenberg’s method (Ber., 1912, 
45, 923), and the dextrose estimated volumetrically by Bertrand’s 
method (Bull. Soc. chim., 1906, [iii], 35, 1286). 

About fifty experiments were made at 20°, different concentra- 
tions of sodium hydroxide, carbonate and hydrogen carbonate, 
and also ammonia being used. The highest values were obtained 
in the case of a V/2-solution of sodium hydrogen carbonate. These 
gave an average of 59°3 per cent. of ellagic acid and 2°1 per cent. of 
dextrose after oxidation during forty-five hours, and 59-2 per cent. 
of ellagic acid and 2°2 per cent. of dextrose after oxidation during 
110 hours. On raising the temperature to 40°, it was found that 
the oxidation was accelerated in such a manner that the pro- 
duction of dextrose was increased. Thus we found, when using 
a V/2-solution of sodium hydrogen carbonate, an average of 59°6 


* All calculations are for anhydrous gallotannin, 
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per cent. of ellagic acid and 7°6 per cent. of dextrose after oxida- 
tion during thirty-two hours. 

To ascertain if the ellagic acid is actually obtained from one 
particular source, the filtrate and first washings from the above. 
mentioned precipitates (gallotannin oxidised in NV /2-sodium 
hydrogen carbonate at 8°) were acidified with dilute sulphuric 
acid. The liquid (about 140 c.c.) was extracted four times with 
20 c.c. of ethyl acetate in order to remove any unoxidised tannin- 
like substance. The ethyl acetate extract was evaporated in a 
tared flask, and the residue (gallotannin residue) dried to a 
constant weight in a vacuum at 40°. Since, as may be seen from 
the following table, the quantity of ellagic acid increases as the 
gallotannin residue decreases, it seems probable that the latter is 
the- main source from which the ellagic acid is formed. 

Gallotannin 


Ellagic acid. residue. Dextrose. 
Hours. Per cent. Per cent. Per cent. 


4 
6 
12 
16 
24 


Comparison between the Ellagic Acids from Gallotannin and 
from Methyl Gallate. 


Several specimens of the crude ellagic acid obtained from gallo 
tannin were analysed, without crystallisation from pyridine 
(compare A. G, Perkin and Nierenstein, T., 1905, 87, 1412), and 
were found to give correct values (Found*: C=55°6, 55-4, 55°5, 
55°7; H=2°3, 2°4, 2:1, 2°2. Cale.: C=55°6; H=2°0 per cent.). 
All specimens gave the Griessmayer test for ellagic acid (A nnalen, 
1871, 160, 55; Perkin and Nierenstein, loc. cit.), and yielded on 
acetylation tetra-acetylellagic acid, which had the correct melting 
point (Found*: C=56:1; H=3°3. Cale.: C=56'2; H=3°0 per 
cent. ). 

The results obtained by analysing the crude ellagic acid from 
methyl gallate were not so satisfactory (Found *: C=54-7, 542; 
H=2°3, 24. Cale.: C=55°6; H=2-0 per cent.). On crystal- 
lisation from pyridine, correct values were, however, obtained 
(Found*: C=55°5, 55°3; H=2°4,-2°2 per cent.). It was also 
found that whereas the crude ellagic acid from methyl gallate did 
not give a clear Griessmayer reaction, the purified product behaved 
normally. Since it was also noticed that a trace of galloflavin 
(1:80) was sufficient to mask the Griessmayer test, it was thought 


* Dried at 160°. 
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jlvisable to test the crude ellagic acid from both sources for this 
abstance. Ellagic acid (42 grams) from methyl gallate was 
eated in the cold with a solution of 200 grams of sodium hydr- 


’ OXida- 


9M One 

above- Moxide in 2 litres of water, as described by Herzig and Wachsler 
sodium §{(onatsh., 1914, 35, 80) for the conversion of galloflavin into 
lphurie Jivgalloflavin. The ‘sogalloflavin (2°7 grams) thus obtained was 


onverted into tetramethylisogalloflavin by means of an excess of 
jiazomethane, and was found to melt correctly at 232—233° after 


S with 


annin- 

| in a everal crystallisations from acetic acid and alcohol, animal char- 
to a foal being used each time (Found*: C=57'6; H=4-8. Cale.: 

» from §C=57°5; H=4-2 per cent.). Two similar experiments with 30 

as the fand 36 grams of ellagic acid from gallotannin gave no trace of 

tter js Misogalloflavin. 


Gallotannin Residue A. 


Fifty grams of gallotannin dissolved in 5 litres of a V/2-solution 
of sodium hydrogen carbonate were oxidised for six hours. After 
rmoving the ellagic acid precipitate, the filtrate was acidified and 
extracted several times with ethyl acetate. On evaporation of 
the ethyl acetate, a brown solid (22 grams) remained, which, when 
dissolved in 150 c.c. of water, left only traces of an insoluble 
residue, probably ellagic acid. A 10 per cent. solution of lead 
acetate was added to the clear solution, and the precipitate decom- 
posed with hydrogen sulphide. The filtrate was again extracted 
with ethyl acetate, and the residual solid purified in the same 
manner. The third ethyl acetate extract, diluted to 300 c.c. and 
dried over anhydrous sodium sulphate, gave, on addition of dry 
light petroleum, a bulky precipitate, which was collected, washed 
with light petroleum, and dried in a vacuum over paraffin. The 
product (18°5 grams) was then purified by Fischer and Freuden- 
berg’s method of purifying gallotannin. As a result, 16°8 grams 
of a colourless, amorphous product (gallotannin residue A) were 
obtained; a second preparation yielded 17°8 grams of the same 
product (Found +: C=53°4, 53:1; H=3°7, 3-9 per cent.). Gallo- 
tannin residue A precipitates gelatin and alkaloids, and gives all 
the colour reactions of gallotannin. Both preparations were 


nd 
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tal- optically active tf: 

- Rotation in water (10 per cent. solution) =[a]jf +65°4°, +63°0°. 
Qo Rotation in alcohol (8 per cent. solution) =[a]}? +42-6°, +44°8°. 
ved Rotation in acetone (8 per cent. solution) =[a]}’ + 27-8°, + 26°4°. 
vin * Dried at 160°. 

ght t The same precautions with regard to moisture were taken as in the case 


of partly hydrolysed gallotannin (Geake and Nierenstein, Loc. cit., p. 897). 
; For all rotations in this paper, L = 2:2, unless otherwise stated. 
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Two hydrolyses with dilute sulphuric acid according to Fischer 
and Freudenberg’s method gave: ellagic acid=8°6, 7°2; gallici 
acid = 84°2, 87-6; dextrose=8°6, 9°1 per cent. 


Gallotannin Residue B. 


Two solutions of 50 grams of gallotannin in 5 litres of W/2. 
sodium hydrogen carbonate were oxidised for forty hours. The 


filtered solution was acidified and extracted several times with BV 


ethyl acetate to remove any gallotannin residue A. A 10 per 
cent. solution of lead acetate was added to the aqueous layer, and 
the precipitate filtered. (The filtrate contained free dextrose: 
3°8 and 4°1 per cent. respectively.) The lead salt was decomposed 
with hydrogen sulphide, the filtrate carefully neutralised with 
ammonium carbonate, and evaporated under dimnished pressure 
(10—12 mm.). The residual solid was purified by several pre 
cipitations from absolute alcohol and dry light petroleum, and 
subsequently dried in a vacuum over paraffin. The two prepar- 
ations gave 10°8 and 9°4 grams of an amorphous, slightly yellow 
product, which precipitated gelatin and alkaloids, and gave all the 
colour reactions of gallotannin (Found *: C=52°8, 52°2; H=4'l, 


3°8 per cent.). Both preparations were optically active, but 
showed some differences in their rotations: 


Rotation in water (10 per cent. solution) =[a]i’ + 36-8°, +31°2°. 
Rotation in alcohol (10 per cent. solution) =[a]//+11°4°, + 86° 
Rotation in acetone (8 per cent. solution) =[a]? +18°4°, +12'2° 


The two preparations were hydrolysed separately with dilute 
sulphuric acid according to Fischer and Freudenberg’s method, 
and gave: ellagic acid =2°2, 2°3; gallic acid=85°4, 83-6; dextrose= 
8°4, 8-8 per cent. 


Quantitative Observations on the Production of Ellagic Acid 
from Gallotannin Residue C. 


These experiments were carried out in the same manner a 
those described in the case of gallotannin. Gallotannin residue (, 
prepared by hydrolysis during four hours according to Geake and 
Nierenstein’s method (/oc. cit.), gave, when oxidised at 20° in 
N /2-sodium hydrogen carbonate solution, an average of 45°7 per 
cent. of ellagic acid and 2°2 per cent. of dextrose after oxidation 
during twenty-four hours, and 44-9 per cent. of ellagic acid and 
2:7 per cent. of dextrose after oxidation during seventy-six hours. 


* The same precautions with regard to moisture were taken as in the cast 
of gallotannin residue A. 
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Qn raising the temperature to 40°, as in the case of gallotannin, 
it was found that the reaction was accelerated, the average 
production of ellagic acid becoming 44°6 per cent., and that of 
dextrose 6°2 per cent., after oxidation during thirty-two hours. 


Gallotannin Residue D. 


Forty grams of gallotannin residue C, dissolved in 5 litres of 
y/2-sodium hydrogen carbonate, were oxidised for forty hours, 
and the gallotannin residue D prepared exactly in the same manner 
as gallotannin residue B. The yigld was 19°8 grams of an 
amorphous product, which resembled gallotannin in every respect 
(Found *: C=52°2; H=4°3 per cent.). The product was 
optically active : 

Rotation in water (10 per cent. solution) =[a]j? + 49°6°. 

Rotation in alcohol (6 per cent. solution) =[a}j* + 29-4°. 

Rotation in acetone (8 per cent. solution) =[a]? + 12°4°. 

On hydrolysis with dilute sulphuric acid, the following result 
was obtained: ellagic acid=0°3; gallic acid=92°4; dextrose=8°8 
per cent. 

Methylated Gallotannin Residue C. 


An excess of diazomethane was allowed to act on the ethereal 
suspension of gallotannin residue C for twelve hours. As in the 
case of gallotannin (compare Herzig, Monatsh., 1912, 38, 843; 
Fischer and Freudenberg, Ber., 1912, 45, 2723), a residue in- 
soluble in ether remained after methylation. The ethereal solu- 
tion was filtered, evaporated to dryness, and the residue purified 
according to the method used by Herzig (loc. cit.) for the pre- 
paration of methylogallotannin. The amorphous product thus 
obtained had no definite melting point; it sintered at 52—57°, 
softened at 108—110°, and decomposed at 126—138°, thus 
resembling methylogallotannin (compare Fischer and Freudenberg, 
loc. cit.) [Found +: C=58°3, 58:5; H=4°7, 5°1 per cent. ; compare 
Fischer and Freudenberg (Joc. cit., p. 2722), who found for methylo- 
gallotannin, C=58°62; H=4-88 per cent. Found +: MeO=37°4, 
378, 37-2 per cent. ; compare Herzig and Renner (Monatsh., 1909, 
80, 543), who found for methylogallotannin, MeO=37'2 to 37-9 
per cent. ]: 


Rotation in pyridine {| (10 per cent. solution) =[a]?? +9°8°. 
Rotation in benzene { (8 per cent. solution) =[a]> +17°8°. 


* The same precautions with regard to moisture were taken as in the case 
of gallotannin residue A. 
+ Dried over phosphoric oxide in a vacuum. t b= 44. 
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Identification of Tetramethyl Glucose produced by Hydrolysis o 
Methylated Gallotannin Residue C and Methylogallotannin, 


The following general procedure was adopted after many experi-§ 
ments. Ten grams of the methylo-derivative in question weref 
dissolved in 50 c.c. of glacial acetic acid and heated in a sealed 
tube for eight hours at 160°. The contents of the tube were 
transferred to a flask, and the tube washed out several times with 
acetic acid. Water was then added and the precipitate filtered, 
The filtrate was concentrated under reduced pressure (8—10 mm) 
to about one-eighth of the vblume, and, after neutralisation with 
lead carbonate, precipitated with a 1 per cent. solution of lead 
acetate. The solution, after filtering, was saturated with hydrogen 
sulphide, filtered, and the hydrogen sulphide expelled by pro- 
longed aspiration of air. The solution was freed from sulphur by 
filtering and shaking with a few c.c. of carbon disulphide, and 
evaporated to dryness in a vacuum (4—5 mm.). The residue was 
then dissolved in 10 c.c. of absolute alcohol, and again evaporated 
under diminished pressure to remove the last traces of acetic acid. 
The latter treatment was repeated several times, and the flask, 
which now contained a semi-solid mass, transferred to a vacuum 
desiccator containing paraffin. After remaining in the desiccator 
for 8—10 days, the product was extracted with boiling light 
petroleum until only traces of an oily residue remained. The 
solid left on evaporation of the light petroleum was dried for 
twenty-four hours in a good vacuum, and then purified according 
to the following method, which was kindly suggested to us by Prof. 
Irvine. It was first boiled under reflux with a quantity of dry 
light petroleum sufficient to dissolve approximately one-half of the 
material. The extract generally yielded a product of low melting 
point (A), which was impure, and crystallised after some time in 
needles, which did not melt sharply (the melting point of A was 
generally 58—71°, but on one occasion a product melting at 
79—81° was also obtained). The solid remaining after extrac: 
tion with light petroleum was dissolved in a fresh quantity of the 
same solvent, and the solution kept overnight, when tetramethy! 
a-glucose separated in long, delicate needles. This product melted 
at 94—-96°, and the melting point was not depressed by admixture 
with tetramethyl a-glucose prepared in the same manner from 4 
specimen of tetramethyl glucose sent to us by Prof. Irvine. The 
yields thus obtained were 0°48 to 0°52 gram of tetramethy! 
a-glucose from 10 grams of methylated gallotannin residue ( and 
0°38 to 0°41 gram from 10 grams of methylogallotannin. A 
further quantity of 0°18 to 0°22 gram was obtained by drying the 
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previously mentioned fraction A in a good vacuum, and repeating 
the whole process of purification with light petroleum * 
Found +: C=50°6,t 50°4,f 50°7,§ 50°6,§j|) 507§; H=88,} 
-BB7,, 8°7,§ 8°7,8|| 86 §; OMe=52°5,} 52°3,§ 52°5.§ Cale.: C= 
508; H=8'5; OMe=52°6 per cent.). 

The properties of the tetramethyl glucose obtained showed good 
agreement with those ascribed to it by Purdie and Irvine (T., 
1903, 88, 1032). Thus the optical rotation in alcohol of a speci- 
nen melting at 87—88° was [a]> +76°8°; Purdie and Irvine give 
(aj? +78-2°. At the suggestion of Prof. Irvine, we also prepared 
the tetramethyl glucoseanilide (Irvine and Moodie, T., 1908, 93, 
103; Irvine and Gilmour, ibid., p. 1440). Our product (Found: 
N=4'8. Cale.: N=4-5 per cent.) melted at 131—133° (Irvine 
[and Moodie give m. p. 135°). We found [a]> +212-3° for the 
anilide after four crystallisations, whereas Irvine and Gilmour give 
aj? + 224° for a specimen crystallised eight times. Our prepar- 
ation showed the same rapid mutarotation observed by Irvine and 
Gilmour, since the addition of a trace of hydrogen chloride to the 
methyl-alcoholic solution produced a permanent value [a]p + 45°8° 
in twenty minutes, the corresponding value obtained by Irvine and 


Gilmour being [a]> + 47°. 


Identification of Dextrose produced by the Hydrolysis of Fischer 
and Bergmann’s Methylated Pentagalloylglucose. 


Eight grams of pentatrimethylgalloyl-a-glucose,** which had 
been prepared according to Fischer and Bergmann’s method (Ber., 


*These results have no claim to quantitative accuracy, and can only be 
accepted as qualitative observations. We now intend to study the estimation 
of tetramethyl glucose by a method similar to that elaborated by Bertrand 
for the estimation of glucose. By this method we hope later on to be able to 
tarry out a quantitative research on methylogallotannin with reference to 
tetramethyl glucose and the other disintegration products. 

t Dried in a vacuum over paraffin. 

; From methylated gallotannin residue C. 

§ From methylogallotannin. 

| This product has not been purified by Professor Irvine’s method. It 
melted at 883—85°, and was a mixture of the a- and 8-forms. 

** The optical rotations of this substance and of the intermediary products 
were taken for comparison with those obtained by Fischer and Bergmann for 
these amorphous substances. The values found for approximately the same 
toncentrations were: (1) Penta(triacetylgalloyl)-a-glucose, [a] +43-1° in 
‘tetrachloroethane; Fischer and Bergmann give [a]” +42-7°, and [a] 
+46-9°. (2) Pentagalloyl-a-glucose, [a]! + 78-4° in alcohol; Fischer and 
Bergmann give [a]!® + 76-4° and +81-5°. (3) Penta(trimethylgalloyl)-a- 
glucose, [a}® + 64-8° in s-tetrachloroethane ; Fischer and Bergmann give 
la)® + 67-01°. 
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1918, 51, 1779), were hydrolysed with glacial acetic acid, as 
previously described. The dextrose was estimated in several por- 
tions of the hydrolysate after dilution to 100 c.c. (Found: 
dextrose=14°2, 13°9, 14°2. Calc.: dextrose=15°6 per cent.). The 
greater part was converted into the osazone, which crystallised from 
dilute alcohol in glistening, yellow needles melting at 203—204°; 
a mixed melting point with an authentic specimen of glucosazone 
showed no depression (Found: N=15°7. Cale.: N=15°6 per 
cent.). 


We take this opportunity of thanking Prof. Irvine for his 
valuable advice and assistance during this investigation. We also 
wish to thank Mr. Robert Barr, B.Sc., for the many optical 
observations mentioned in this paper. Our thanks are also due to 
the Research Fund Committee of the Chemical Society and the 
Colston Society of the University of Bristol for grants which have 
covered the expenses of this research. 
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XXXVI.—The Condensation of m-Dimethylamine- 
phenol with Benzaldehyde. 


By Sri1 Krisuna and Franx Geo. Pope. 


THIs communication is a continuation of earlier work on the 
interaction of aldehydes and phenols, with the object of obtaining 
fluorone derivatives. In the earlier work, hydroxyfluorones were 
prepared, and it is hoped now to compare these with fluorones 
containing a basic group. With this object in view, the dimethy! 
amino-hydrol has been prepared as a preliminary, and its chieiff 
derivatives described. 

The m-dimethylaminophenol used was the commercial product, 
which was purified by distillation under 100 mm. pressure, and 
in this way obtained as a colourless, crystalline mass. On account 
of the ease with which a pink, and ultimately a dark red, color 
ation is produced, apparently by oxidation, it has been impossible 
to describe the various derivatives as colourless, whilst o™ 
attempted crystallisation many separate more or less in the cot- 
dition of a scale preparation. On this account, the majority wer 
dissolved in a suitable solvent, precipitated by the addition d 
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yater or other solvent, and finally dried, in most cases in a 


B ywcuum over sulphuric acid. 
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ExPERIMENTAL. 


4-Dimethylamino-2-hydrozybenzhydrol, 
NMe,*C,H,(OH)-CHPh:OH. 


The hydrol was obtained by dissolving 13°7 grams of m-dimethy]- 
aminophenol in 400 c.c. of 10 per cent. sodium hydroxide solution, 
und adding 10°6 grams of benzaldehyde. The mixture was well 
shaken and allowed to remain for seventy hours, by which time the 
odour of benzaldehyde had disappeared, and the solution had 
become dark red. The hydrol was precipitated by carbon dioxide 
asa pink solid. It was filtered, washed, dried, dissolved in ether, 
and precipitated by light petroleum, when it separated as an 
almost colourless solid, which, however, rapidly assumed a pink 
wlour on keeping (Found: C=73°92; H=7:09; N=5-93. 
(yH,jO,N requires C=74°07; H=6°99; N=5°76 per cent.). It 
is soluble in almost all the ordinary organic solvents, and melts 
at 146°. 

The potassium salt was obtained as a dark red scale by dis- 
slving the hydrol in the calculated amount of potassium hydroxide 
aid concentrating the solution on the water-bath (Found: 
K=13°78. C,;H,gO.NK requires K=13-93 per cent.). 

The hydrochloride was obtained by dissolving the hydrol in the 
alculated amount of acid and concentrating the solution, when it 
separated as a red powder decomposing at 138° (Found: Cl=12°70. 
(,;H,,0,N,HCl requires Cl=12°68 per cent.). 

An acid oxalate was obtained by dissolving the hydrol in a solu- 
tion of oxalic acid (1 equiv.). On concentrating the solution, it 
separated as a dark-coloured powder, which decomposed at 93° 
(Found: C=61:66; H=5-94. C,;H,,O,N,H,C,O, requires C= 
6181; H=5°74 per cent.). 

The dibromo-derivative was prepared by dissolving the hydrol 
in glacial acetic acid and adding the calculated quantity of 
bromine, also dissolved in glacial acetic acid. The mixed solu- 
tis were heated on the water-bath for a few minutes, and the 
vhole poured into water, when an orange-red precipitate was 
obtained, which was collected, washed, and dried. The substance 
decomposes when heated above 250°, and is soluble in alcohol 
Found: Br=39-96. C,;H,,O,NBr, requires Br = 39°89 per cent.). 

The acetyl derivative was prepared by heating 5 grams of the 
Aydrol with 25 grams of acetic anhydride and 5 grams of anhydrous 
‘dium acetate for three hours under reflux. The solution was 
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then poured into dilute alcohol and digested on the water-bath 
until the odour of the anhydride had disappeared. The solid pro: 
duct was collected, washed, dried, and recrystallised from alcohol, 
when it separated as a very pale brown, microcrystalline powder 
melting at 70° (Found: C=71°40; H=6°72; N=515. C,,H,,0,N 
requires C=71-58; H=6°67; N=4°91 per cent.). 

The benzoyl derivative was prepared by dissolving 4°86 grams 
of the hydrol in a solution of the calculated amount of sodium 
hydroxide, and adding 2-8 grams of benzoyl chloride. The mixture 
was well shaken, and then poured into water, when the benzoyl 
derivative separated as a pale brown powder melting at 73° 
(Found: C=75:92; H=6'15. C.H,,0O,N requires C=76'08; 
H=6'05 per cent.). 


6-Dimethylamino-3-hydroxry-9-phenylxanthen, 
NMey CHa oy p, >CsHsOH. 


4-86 Grams of the hydrol were heated with 2°2 grams of 
resorcinol and 6 grams of anhydrous zinc chloride for four hours 
at 170°. The mixture was then poured into dilute hydrochloric 
acid and heated for some time to remove zinc chloride. The dark 
brown mass was collected, washed, dissolved in glacial acetic acid, 
and precipitated by the addition of water, when it separated asa 
brown powder (Found: C=79°21; H=6°24; N=4'28. C,,H,,0,N 
requires C=79°49; H=5-99; N=4°42 per cent.). 

The benzoyl derivative of the xanthen was obtained in the usual 
manner by the Schotten-Baumann reaction as a pale brown solid 
melting at 71—72°. The colour deepened rapidly on exposure to 
the air (Found: C=80°31; H=5°57. C,sH»,0,N requires 
C=79'81; H=5-47 per cent.). 

6-Dimethylamino-3-hydroxy-9-phenyl-2-methylzanthen was pte 
pared in a similar manner by the condensation of the hydrol with 
p-cresol. It was readily soluble in acetic acid, and, on dilution of 
the solution with water, separated as a brown powder, which melted 
at 98° (Found: C=83'61; H=6°63. C,.H,,ON requires C=83°8]; 
H=6'66 per cent.). 

8-Dimethylamino-11-phenyl-B-naphthaxanthen, 
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tisined similarly by the condensation of the hydrol with 
joaphthol, is readily soluble in glacial acetic acid, from which it 
yparates as a brown powder melting at 105° (Found: C=85'59; 
f=6°17. C,;H,,ON requires C=85°47; H=5-98 per cent.). 


East LONDON COLLEGE 
(UntveRsITy oF Lonpoy). [Received, February 16th, 1921.] 


XXXVII.—Phenolcitraconein. 
By Sri Krisuna and Frank Geo. Pope. 


Some years ago, one of us (F.G.P.), in conjunction with J. T. 
Hewitt, obtained in the preparation of citraconfluorescein a very 
mall quantity of a by-product. This compound appeared, from 
the results of its analysis and from its properties, as far as they 
wuld be ascertained, to be a dihydroxybenzoylcrotonic acid, 
(,H,(OH).*CO-C,H,CO,H. Lack of material and pressure of 
other work at the time prevented further examination of the acid. 
Citraconic anhydride is now being condensed with various 
phenols in the hope that, by the decomposition of the resulting 
substances, acids of the above type may be obtained and character- 
ied. In this preliminary communication, the preparation and 
properties of the simple phenolcitraconein are described. 


ExPERIMENTAL. 


HO’ ‘ ( ox 
Phenolcitraconein, GN of \K 


anc 0 


This substance was prepared by heating at 120° 20 grams of 
freshly distilled phenol, 10 grams of citraconic anhydride, and 
10 grams of freshly fused zinc chloride. A current of dry hydrogen 
chloride was passed through the mixture for half an hour, after 
which the mixture was heated for a further six hours at 120° 
(compare Copisarow, T., 1920, 117, 209). The melt was then 
heated with very dilute hydrochloric acid, filtered, washed, and 
finally extracted by means of a 3 per cent. solution of sodium 
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hydroxide. The red solution thus obtained was precipitated by 
the addition of dilute hydrochloric acid, when the citraconein wa; 
obtained as a brown precipitate. This was collected, washed, dis. 
solved in alcohol, and reprecipitated by the careful addition of 
water. It separated as a light brown powder, m. p. 159—161° 
readily soluble in alcohol, ether, and chloroform (Found: 
C=72°22; H=5-11. (C,,H,,0, requires C=72°34; H=4:96 per 
cent.). 

Phenolcitraconein dissolves readily in aqueous solutions of the 
alkali hydroxides, yielding red solutions, which are fainter in 
colour than similar solutions of phenolphthalein. The colour of 
the alkaline solution is discharged by the addition of acids or by 
the use of an excess of alkali. In the latter case, however, the 
colour reappears on acidification, even if the alkaline solution has 
been previously boiled. 

The potassium salt was obtained as a “‘scale’’ by dissolving the 
citraconein in the calculated amount of potassium hydroxide, 
previously dissolved in water, and concentrating the red solution 
(Found: K=21:97. C,,;H,.0O,K, requires K=21°78 per cent.). 

A tetrabromo-derivative, C,,;H,0,Br,, was obtained when a 
solution of bromine in glacial acetic acid was gradually added to 
a solution of the citraconein in the same solvent. The mixed 
solutions were heated on the water-bath for half an hour, and 
then poured into water, when an orange-yellow precipitate was 
obtained. This was collected, washed, and dried in the usual 
manner. It was soluble in ether, chloroform, and benzene, and 
melted at 189° (Found: Br=53-30. C,,;H,,O,Br, requires Br= 
53°51 per cent.). 

The diacetyl derivative was obtained by heating 5 grams of the 
citraconein with 20 grams of acetic anhydride and 5 grams of 
sodium acetate for two hours. The mixture was then poured intc 
dilute alcohol, and the whole digested on the water-bath until the 
excess of acetic anhydride was destroyed. The solid was collected, 
washed, boiled a second time with water, and finally crystallised 
from alcohol, from which it separated as a very light brown, micro 
crystalline powder melting at 134° (Found: C=68-73; H=5'll. 
C,,H,,0, requires C=68-85 ; H=4-91 per cent.). 

The dibenzoyl derivative was prepared by the Schotter- 
Baumann method. The crude product was dissolved in acetone, 
and the solution filtered into an excess of benzene, when the 
dibenzoate separated as a nearly colourless precipitate melting + 
99° (Found: C=75°45; H=4°63. C,,H..O, requires C=75'9; 
H=4°69 per cent.). 

The dimethyl ether, C,gH,,0,, was prepared by dissolving 5% 
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grams of the citraconein in the calculated quantity of potassium 
hydroxide, previously dissolved in aqueous methyl alcohol, and 
adding 5 grams of methyl sulphate. The mixture was heated on 
the water-bath for two hours, and then faintly acidified. The 
brown solid obtained was collected, washed, dissolved in alcohol, 
and the solution poured into water, when the ether separated as 
a brown powder melting at 135° (Found: C=73°46; H=5-62. 
CigH,s0, requires C=73°54; H=5°80 per cent.). 

The diethyl ether, C,H O,, was prepared by dissolving the 
citraconein in a solution of the calculated amount of potassium 
hydroxide, adding 6°2 grams of ethyl iodide, and heating the 
whole under reflux for two hours on the water-bath. The solution 
was poured into water, the precipitate collected, washed, and dried. 
The substance is soluble in ether, chloroform, and acetic acid, and 
melts at 132° (Found: C=74°31; H=6°49. (C,,HO, requires 
(=74:55 ; H=6°50 per cent.). 

A fluoran derivative of citraconic anhydride was prepared by 
heating 4°3 grams of p-cresol with 2:2 grams of the anhydride and 
3 grams of zine chloride, and treating the product as described 


Fae a 8 


oH A ADE 
OH 0 


under the citraconein. It is a light grey solid, m. p. 128—129°, 
which is insoluble in the alkali hydroxides, but dissolves readily 
in alcohol (Found: C=77'95; H=5°64. CyH,,O; requires 
C=78-08; H=5°47 per cent.). 


In conclusion, we desire to express our thanks to the firm of 
Messrs. Thos. Morson and Son for placing the necessary citraconic 
anhydride at our disposal. 


East LoNDON COLLEGE 
(UniveRsITy oF LonpDoN). [Received, February 16th, 1921.] 
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XXXVIII.—Additive Compounds of Antipyrylamino- 
diacetic Acid and its Salts with Neutral Salts. 


By Roserr Georce FarcuHer and Harotp Kine. 


THE capacity of the weakly basic substance antipyrine to form 
additive compounds with very varied organic substances, generally 
containing oxygen, and with metallic salts of organic and inorganic 
acids, has often come to light in attempts to explain its incom- 
patibility in pharmacy and to modify or supplement its action in 
therapeutics. 
Apart from two compounds with calcium chloride, 
(C,,H,sON,)3,CaCl,,12H,O 
and (C,,H,,ON,)3,2CaCl,,9H,O, described by Pfeiffer and Wittka 
(Ber., 1915, 48, 1289), no complexes are known with the haloids 
of the alkali or alkaline earth metals. 
A simple derivative of antipyrine, antipyryl-4-aminodiacetic 
acid (D.R.-P. 144393), 
—ca._-CH,°CO,H 
MeC=O-'N<o4?.CO;H 


has been found by the authors to furnish an unusually interesting 
series of simply molecular, additive compounds with the haloids of 
the alkali and alkaline earth metals. Though the salts of this 
acid are dismissed in the original specification with the statement 
that the barium salt was obtained only as a hard, dry mass, the 
authors have found that the calcium, strontium, and barium salts 
are well-defined, crystalline substances containing various propor: 
tions of water of crystallisation, and have isolated, but with greater 
difficulty, crystalline sodium and potassium salts. 

Additive compounds of two molecules of the acid with one of 
calcium chloride, calcium bromide, or strontium chloride, and of 
one molecule of the acid with one of sodium, lithium, or potassium 
chloride, have been prepared, but the analogous compounds from 
magnesium or barium chloride were not obtained. - 

The combining power is, moreover, retained by the calcium, 
strontium, barium, and magnesium salts of the acid, two molecules 
of the salt’ uniting with one of the corresponding metallic chloride. 

The mode of preparation of these complexes is sufficiently 
indicated in the experimental portion of the paper. Attentiam 
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nay, however, be drawn to the ease with which their formation 
md isolation can be realised experimentally. The following 
diagram shows the behaviour of the calcium and barium salts, where 
R represents the antipyryl group: 


HCl 
R-N(CH,*CO,),Ca —-> R-N(CH,:CO,H),,}CaCl, 
A e100, Pre 
R:N(CH,°CO,),Ca,$CaCl, 
R-N(CH,CO,H), 


a 
¢ (a7 
4 


N 


HCl 
R-N(CH,:CO,),Ba —-> [R+N(CH,°CO,H), + BaCl,] 


x » 
Ne & of 
@x vy 


R-N(CH,"CO,),Ba,}BaCl,. 


A satisfactory interpretation of the mode of attachment is a 
much more difficult matter. The authors believe that it is con- 
litioned by the keto-group of the pyrazolone nucleus. The 
apacity of antipyrine and of antipyrylaminodiacetic acid and its 
alts to form complexes is evidently inherent in the pyrazolone 
aucleus, and, adopting the usual single-ring structure for this 
wucleus rather than the Michaelis bridged structure, the two seats 
of residual affinity are the tervalent methylated nitrogen atom and 
the oxygen of the carbonyl group. The calcium and lithium 
haloids are known to form complex ammines with ammonia, but 
oly in the dry state. With bivalent oxygen compounds, however, 
the additive products with the alkali and alkaline earth metal 
laloids are very numerous, many of them crystallising from 
aqueous solution. Of these, the most thoroughly investigated (by 
Pfeiffer and his co-workers; also King and Palmer, Biochem. J/., 
1920, 14, 574) are the addition products of neutral salts with 
slycine and such simple derivatives of glycine as glycylglycine, 
wteosine, betaine, and alanine. Pfeiffer and Wittka (loc. cit.) 
tusider the neutral salt to be attached to the carbonyl group of 
the cyclic form of these substances, no other representation being 
bsible for betaine. On this basis, the glycine-calcium chloride 


‘mplex is represented thus, (NH,"CH,CO-0), _s< a ae 
‘steement with this, they observed that diketopiperazine united 
idditively with two molecules of lithium chloride or bromide. 
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Moreover, the deep blue colour of copper glycine is usually inter. 
preted by the cyclic structure 


co 
cH<NH > >OuSy yf OCH, 


and it retains this structure, as shown ne the colour, when it com- 
bines with a molecule of calcium chloride. The copper salt of anti- 
pyrylaminodiacetic acid, however, is pale blue, pointing to absence 
of affinity in the tertiary-bound nitrogen atoms. 

There can, therefore, be little doubt that the molecular com. 
plexes of what are substantially the same series of neutral salts 
with antipyrylaminodiacetic acid have their origin in the residual 
affinity of the carbonyl group. 


EXPERIMENTAL. 
Salts of Antipyrylaminodiacetic Acid. 


The calcium salt is prepared by boiling the concentrated solution 
of the calcium chloride compound of the free acid (vide infra) 
with excess of calcium carbonate and filtering while still hot, when 
it quickly sets to a mass of minute prisms sparingly soluble in 
cold water, but more readily on warming. It forms at least two 
hydrates, containing, respectively, 12 and 6 molecules of water 
of crystallisation, the lower hydrate being obtained by rapid 
crystallisation from warm solution (Found in dodecahydrate, 
Ca=6'9; loss in a vacuum over H,SO,=37°4. C,,H,,0;N,Ca,12H,0 
requires Ca=7'0; H,O=37°7 per cent. Found in hezahydrate, 
Ca=8:7; loss in a vacuum over H,SO, = 23: 2; Ca in dried salt= 
10°9, 11° 0. C,;H,;0;N,Ca,6H,O requires Ca = ‘8: 6; H,O=23'2 per 
cent. C,;H,,O,N,Ca requires Ca=11'2 per cent.). 

The barium salt is obtained by heating a concentrated aqueous 
solution of the barium chloride addition compound (vide infra). It 
separates rapidly on stirring in minute, flattened prisms containing 
one and a-half molecules of water of crystallisation. The am- 
monium salt, obtained from the calcium salt by addition of exces 
of ammonium oxalate in boiling solution, yields the same product. 
It is, however, very difficult to remove the last traces of calcium 
oxalate, which are held in solution with great persistency. The 
barium salt is soluble in cold water, and separates on heating the 
solution on the water-bath in well-formed, rectangular plates. It 
thus shows the properties of the barium glycerylphosphates, but 
erystallises much more handsomely (Found, for different prepats 
tions: H,O=5°2, 5°7; Ba in anhydrous salt =30°2, 29°7. 

C,;H,,0;N,Ba,14H,O 
requires H,O=5°6. C,,;H,,0;N,Ba requires Ba=30°2 per cent.). 
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The strontium salt was prepared from the calcium salt via the 
mmonium salt. It crystallised, like the calcium salt, in clusters 
{needles containing either 9 or 6 molecules of water of crystal- 
jation (Found for nonahydrate: Sr=15°4, 15:5. 


C,,H,,0;N,Sr,9H,0 


requires Sr=15°45 per cent. Found for herahydrate: H,O=21°'5; 
% in anhydrous salt=21°4. C,;H,,O;N,Sr,6H,O requires H,O= 
1. C,;H,,O;N,Sr requires Sr=21°6 per cent.). 

The sodium and potassium salts were also obtained crystalline. 
They are much more readily soluble in water than the salts already 
iescribed, but separate in well-defined prisms from very concen- 
tated solutions. The copper salt forms a pale blue, crystalline 
powder, somewhat sparingly soluble in cold water. 


Additive Compounds of Antipyrylaminodiacetic Acid with 
Neutral Salts. 


With Calcium Chloride.—To a solution of 4°73 grams of chloro- 
acetic acid in 12-5 c.c. of water were added 8 grams of calcium 
arbonate and 5°1 grams of 4-aminoantipyrine. The mixture was 
heated to boiling for two hours, a further 1-2 grams of chloro- 
aetic acid and 2°6 grams of calcium carbonate added, and the 
heating continued for a further two hours. After filtration, the 
slution was concentrated somewhat and acidified with hydro- 
chloric acid (Congo paper), when, on keeping, it set to a mass of 
erystals, which were purified by recrystallisation from water. The 
compound forms well-defined, rhombic prisms, which, on heating, 
efervesce at 165° (corr.). It dissolves readily in water or alcohol, 
but sparingly, if at all, in benzene, chloroform, ether, or light 
petroleum. Addition of sodium chloride to the concentrated 
aqueous solution causes deposition of the free acid as an oil. It 
usually contains 8 molecules of water of crystallisation, but two 
other hydrates have been obtained containing 5 and 4 molecules 
of water respectively. The pentahydrate only loses 3 molecules 
of water at 60° in a vacuum. The tetrahydrate separates in large, 
hard crystals (Found, in octahydrate: Cl=8°0, 8:1; N=9-5, 9°6; 
Ca=4'4. M.W. by titration with baryta=891°3. Loss in a 
vacuum over H,SO,=15°43. (C,;H,;0;N3).,CaCl,,8H,O requires 
(=7:9; Ca=4‘5; N=9'4; H,O=16-13 per cent. M.W.=893°6). 

(Found, in pentahydrate, loss in a vacuum over H,SO,=10°5; 
loss at 60° in a vacuum=6-2; Cl=8-4. M.W. by titration =846°6. 
(C,5H,,0;N).,CaCl,,5H,O requires H,O=10°'7; Cl=8'4; loss of 
3H,0=6'4 per cent. M.W.=839°6.) 
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(Found, in tetrahydrate, M.W. by titration=818°0; loss in a 
vacuum=8-9. Cale.: H,O=8'8 per cent. M.W.=821°5.) 

With Calcium Bromide.—This complex was prepared by faintly 
acidifying (Congo paper) a concentrated solution or a suspension 
of the calcium salt, when it crystallised readily in well-defined 
prisms containing 11 molecules of water of crystallisation (Found: 
M.W. by titration=1037. Cale.: M.W.=1036°6). 

A second hydrate was obtained crystallising in tufts of soft, silky 
needles. It contained 6$ molecules of water of crystallisation 
(Found: M.W. by titration =956; Br=16°8; H,O=12°4; Ca=4:3, 
(C,;H,,0;N3).,CaBro,64H,O requires Br=16-7; H,O=12°3; Ca= 
4°2 per cent. M.W.=955-5). 

With calcium iodide, the product was not homogeneous, the 
calcium: iodine ratio being approximately 1:1°5, and the propor- 
tion of iodine decreasing on recrystallisation. The ratio was not 
altered appreciably by the addition of various proportions of cal- 
cium iodide to the solution before rendering neutral or faintly acid 
to Congo paper. 

With Strontium Chloride.—The addition product of the acid and 
strontium chloride is decomposed by water, with liberation of the 
free acid as an oil. The pure crystalline complex is obtained in 
the form of small needles by keeping a concentrated solution of 
strontium antipyrylaminodiacetate to which concentrated hydro- 
chloric acid has been added until there is incipient formation of 
an oil, at 0°, for some hours. It contains 24 molecules of water 
of crystallisation (Found: M.W. by titration=840; H,O=57; 
Cl=8'4. (C,;H,,0;N;).,SrCl,,2}H,O requires H,O=5°3; Cl=84 
per cent. M.W.=842). 

With Sodium Chloride—The double compound with sodium 
chloride is obtained by acidification of the concentrated solution 
of the sodium salt with hydrochloric acid. It forms a felted mass 
of minute, prismatic needles readily soluble in water or in alcohol 
and containing 3 molecules of water of crystallisation (Found: 
Cl=82; N=99; Na=5:2. C,,H,,O;N;,NaCl,3H,O requires 
Cl=82; N=9:7; Na=5°3 per cent.). 

With Potassium Chloride—This is prepared in a manner 
similar to that described above. It separates in clusters of small, 
needle-shaped prisms containing 3H,O (Found: Cl=7:8; N=9'5; 
K=8°6. C,;H,,O;N3,KC1,3H,O requires Cl=7'9; N=9:4; K=87 
per cent.). 

With Lithium Chloride.—This derivative crystallises in minute, 
rhombic prisms containing 3H,O (Found: Cl=8°4, 

C,;H,,0;N3,LiCl1,3H,O 
requires Cl=8'5 per cent.). 
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\dditive Compounds of the Salts of Antipyrylaminodiacetic Acid 
with Neutral Salts. 


The calcium chloride compound of the calcium salt remains in 
ihe residual liquor from the preparation of the calcium salt from 
the calcium chloride compound of the acid. It forms minute, hair- 
like needles, which contain 12 molecules of water of crystallisation. 
Unlike the barium chloride compound of the barium salt, it does 
not disscciate in solution with separation of the calcium salt on 
heating or on seeding with the salt (Found: Ca=11°4; Cl=6'7. 
(C,;H,;0;N3Ca)o,CaCl,,12H,O requires Ca=11'5; Cl=6°8 per 
cent. ). 

“a barium chloride compound of the barium salt was prepared 
by the interaction of aminoantipyrine and chloroacetic acid in 
presence of barium carbonate, and separated before acidification 
asa mass of minute, silky needles containing 12 molecules of water 
of crystallisation. It dissociated on heating in aqueous solution, 
with formation of the free barium salt (Found: Ba=30°9; Cl=5°4; 
H,0=16°5. (C,;H,;O;N,Ba),,BaCl,,12H,O requires Ba=30°9; 
(l=5-4; H,O=16'2 per cent.). 

The magnesium chloride compound of the magnesium salt was 
prepared in the same manner, using magnesia in place of barium 
aarbonate. It dissolved fairly readily in water, from which it 
separated in diamond-shaped plates containing 11 molecules 
of water of crystallisation (Found: Mg=7'4, H,O0=20°3. 
(C,;H,;0;N,;Mg).,MgCl.,11H,O requires Mg=7°5; H,O=20°3 per 
cent. Found, in dried material: Cl=9:1. Cale.: Cl=9-1 per 
cent. ). 

The strontium chloride compound of the strontium salt was pre- 
pared by crystallising the salt in presence of a considerable excess 
of strontium chloride. When one, two, or three molecular pro- 
portions of the chloride were present, only the strontium salt 
separated. It crystallised in well-defined, flattened prisms contain- 
ing 11H,O (Found: Sr=22°7; Cl=6'3; H,O=17°4. 

(C,;H,;0;N,Sr).,8rCl,,11H,O 
tequires Sr = 22°6 ; Cl=6-1; H,O=17°0 per cent.). 


Antipyrylaminodiacetic Acid and its Ethyl Ester. 


_ Antipyrylaminodiacetic acid could not be obtained crystalline, 

i spite of many attempts. It forms a colourless, viscid syrup 

teadily soluble in water or in alcohol. The ethyl ester, prepared 

by esterification with alcoholic hydrogen chloride or hydrogen 

sulphate, was obtained after removal of most of the alcohol, addi- 
L* 
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tion of water, basification with sodium carbonate, saturation with 
sodium chloride, and extraction with ether, as a pale yellow oil, 
which did not crystallise after remaining for several months over 
paraffin wax in a desiccator. On distillation at 10 mm. pressure, 
it decomposed completely. Before analysis, it was left for a con. 
siderable time in a partial vacuum over potassium hydroxide, 
calcium chloride, and paraffin wax (Found: C=61:2; H=7-. 
N=10'9. CygH,,0,Ny requires C=60'8; H=67; N=11-2 per 
cent.). 


WELLCOME CHEMICAL RESEARCH 
LABORATORIES. [Recetved, January 26th, 1921.) 


XXXIX.—An Investigation on the Influence of 
Negative Groups of Different Character on the 
Reactivity of Hydrogen Atoms Carried by the 
Same Curbon Atom. Part J. 


By Brras Monan Gupta. 


Tuis investigation was undertaken with a view to obtain a clearer 
insight into the mechanism of the reactivity of the methylene group 
in compounds of the type CH,RR’, where either one or both of 
the radicles are so-called negative groups, and also to obtain, if 
possible, a quantitative idea of the influence exerted individually 
by such groups. 

The points on which elucidation is ultimately aimed at may be 
enumerated as below: 

(a) The exact conditions which control the reactivity of the 
methylene group with respect to a particular reagent, for example, 
an aldehyde. 

(5) The connexion between the reactivity and the displacement 
of an atom of hydrogen by a metal or the ionising capacity of this 
group. 

(c) The connexion between this reactivity and the negative 
character of the adjacent radicle. 

(2) Whether this reactivity, as well as the negative character 
of the radicle, is really the effect of the unsaturated character of 
the adjacent multivalent elements. 

(e) How far this reactivity is connected with the phenomenon 
of tautomerism. 
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Of the numerous, commonly accepted negative groups, if only 
ix, such as the cyanogen, carbethoxy-, acetyl, carbamyl, p-nitro- 
phenyl, and phenyl radicles, are selected, twenty-one compounds 
in all fall within the purview of the comparative study. 

The action of aldehydes on a large number of these compounds 
has been studied more or less exhaustively by many investigators. 
An analysis of the methods employed, the experimental conditions 
observed, and the yields obtained in the interaction of these sub- 
tances with two typical aldehydes, such as acetaldehyde and benz- 
aldehyde, reveals the following regularity. 

There is no appreciable action when these substances are simply 
treated with aldehydes. In scarcely any case does condensation 
take place on direct heating. Combination takes place when the 
nixture is treated with a few drops or a larger quantity of 
ammonia, diethylamine, piperidine, a dilute solution of potassium 
yanide, dilute or concentrated solutions of sodium or potassium 
hydroxide, sodium ethoxide, concentrated hydrochloric acid, or 
vith a stream of dry hydrogen chloride gas. 

In the present communication the results are recorded of the 
ation of some aldehydes on compounds of the type 

R:CH,*CO-NHg, 
where R is the phenyl, p-nitrophenyl, or carbethoxy-group. 

The action of aldehydes on cyanoacetamide has been studied by 
Heuck (Ber., 1895, 28, 2251), and more recently by Thorpe and 
Day (T., 1920, 117, 1465). They found that combination usually 
takes place at the methylene group. By the action of benz- 
aldehyde on malonamide, Heuck (Joc. cit.) obtained a compound, 
for which the formula CHPh:C(CO-NH,), has been established. 
By the interaction of benzaldehyde and diethylmalonamide, how- 
eer, Burrows and Keane (T., 1907, 91, 269) obtained the sub- 


stance, CEty<Co.nyi> CHPh. This shows that in malonamide 


the hydrogen atoms of the methylene group are more reactive to 
aldehydes than the hydrogen atoms of the carbamyl groups. 

In the case of phenylacetamide, however, contrary to expecta- 
tin, it has been found that the reaction takes place at the amido- 
group instead of at the methylene group. The result is all the 
more surprising in view of the fact that phenylacetonitrile and 
thyl phenylacetate react with aldehydes at the methylene group 
oo Annalen, 1889, 250, 156—166; Ogllaloro, Gazzetta, 1878, 
, 429). 

When the phenyl group is substituted by the carbethoxy-group, 
ithas been found that acetaldehyde attacks the methylene group, 

L* 2 
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producing ethyl a-carbamylcrotonate, CHMe:C(CO,Et)-CO-NH, 

or ethyl aa’-dicarbamyl]-8-methylglutarate, 
CHMe[CH(CO-NH,)-CO,Et},, 

according to the proportion of ethyl malonamate used. When, 

on the other hand, the nitrophenyl group is substituted for the 

phenyl group, the point of attack by the aldehyde cannot be shifted 

from the amido-group to the methylene group. 

These experiments indicate that the reactivity of the methylene 
group depends on the total negative character of both radicles, 
and that if this does not reach a certain limit, the reactivity of 
the methylene group vanishes, at least with respect to aldehydes. 


EXxPERIMENTAL. 
A. Phenylacetamide. 


This substance was prepared by the action of concentrated 
sulphuric acid on phenylacetonitrile, according to the method 
described by Purgotti (Gazzetta, 1890, 20, 178). After crystal. 


lisation from hot water, the substance melted at 154°5°. 


Action of Acetaldehyde. 


Ethylidenebisphenylacetamide is immediately formed when a 
mixture of phenylacetamide and acetaldehyde is treated with a 
few drops of concentrated hydrochloric acid. The fact that reac- 
tion takes place at the amido-group is proved by the conversion of 
the substance into acetaldehyde and phenylacetic acid on boiling 
with dilute hydrochloric acid (Bernthsen, Annalen, 1877, 184, 
318). With the object of attacking the methylene group, phenyl- 
acetamide was treated with the equivalent quantity of acet 
aldehyde and a few drops of various catalysts, such as diethyl 
amine, dilute ammonia, sodium hydroxide, sodium ethoxide, or 4 
50 per cent. aqueous solution of potassium hydroxide. No reac 
tion took place, even when the experimental conditions were varied 
by increasing the quantity of acetaldehyde and by carrying out 
the operation in aqueous or alcoholic solution, either at the 
ordinary temperature or at 0°. 


Action of Benzaldehyde. 


Benzylidenebisphenylacetamide, | CHPh(NH-CO-CH,Ph)..—A 
mixture of phenylacetamide (13°4 grams) and benzaldehyde (5% 
grams) was heated at about 160° during about two hours. The sdlif 
mass obtained on cooling was finely powdered and washed with ho 
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slcohol, and the product (yield about 75 per cent.) crystallised from 
hot alcohol, from which it separated in fine needles melting at 225° 
found, C=766; H=613; N=8-05. CygH»,0,N, requires 
(=77°03; H=6°20; N=7°83 per cent.). 

In order to determine its constitution, and more particularly to 
ascertain whether the reaction took place at the methylene or at 
the amido-group, the condensation product was boiled with an 
alcoholic solution of potassium hydroxide, whereby benzaldehyde 
and ammonia were evolved. After removing the remaining benz- 
aldehyde in a current of steam, the contents of the flask were con- 
entrated and faintly acidified with dilute hydrochloric acid, the 
dight amount of resinous matter filtered off, and the clear filtrate 
again concentrated. On cooling, crystals of phenylacetic acid 
melting at 77° were obtained. 

One gram of the compound was heated with 5 c.c. of concentrated 
hydrochloric acid in a sealed tube for six hours at 125°. On open- 
ing the tube the odour of benzaldehyde was perceptible and a white 
precipitate was gradually deposited. After filtering off resinous 
matter and evaporating the filtrate, crystals of phenylacetic acid 
were obtained. 

These experiments indicate that in this compound the aldehydic 
residue is linked at the amido-group, and not at the methylene 
group. 


Action of Anisaldehyde. 


Anisylidenebisphenylacetamide, MeO-C,H,-CH(NH:-CO-CH,Ph).. 
—A mixture of anisaldehyde (6°8 grams) and phenylacetamide 
(135 grams) was heated at 160—170° for about two hours. The 
lid mass obtained on cooling was finely ground with hot alcohol 
and washed with alcohol to remove the unchanged aldehyde. The 
wbstance dissolved very slightly in cold alcohol, but fairly well in 
hot aleohol, from which it crystallised in very light, fine needles 
melting at 241° (Found, C=73°99; H=6°27; N=7°04. C,,H.,O,N, 
requires C=74-:18; H=6°24; N=7-23 per cent.). 


Action of Cinnamaldehyde. 


Cinnamylidenebisphenylacetamide, 
CHPh:CH-CH(NH:CO-CH,Ph),. 
~A mixture of cinnamaldehyde (6°2 grams) and phenylacetamide 
(135 grams) was heated at 160—170° for about two hours, and the 
product treated as described above. It was insoluble in water, but 
‘luble in hot alcohol, from which it was crystallised. It melted at 
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238° (Found, C=77°91; H=6°46; N= 7°45. C.;H,O.N> requires 
C=78'07; H=6°31; N=7°30 per cent.). 


Action of Phenylacetaldehyde. 


Phenylethylidenebisphenylacetamide, 

CH,Ph-CH(NH:-CO-CH,Ph),, 
was obtained from phenylacetamide (13°7 grams) and phenylacet- 
aldehyde (6 grams) in the manner described above. It was in. 
soluble in water, but soluble in hot alcohol or benzene. It did not 
erystallise well from alcohol, but silky needles, m. p. 223°, were 
obtained from the solution in benzene (Found, C=76°9; H=6'5; 
N=7'80. C,H,,O,N, requires C=77'°3; H=65; N=7°54 per 
cent.). 


B. p-Vitrophenylacetamide. 


This substance was prepared by gradually adding 20 grams of 
phenylacetamide to a well-cooled mixture of 20 grams of concer- 
trated nitric acid and 40 grams of concentrated sulphuric acid, 
according to the method described by Purgotti (Gazzetta, 1890, 
20, 593). After crystallisation from hot alcohol it melted at 191° 


Action of Acetaldehyde. 


Ethylidenebis-p-nitrophenylacetamide, 

CHMe(NH-CO:CH,:C,H,-NO,),. 
—This substance was obtained by treating a mixture containing 
3°6 grams of p-nitrophenylacetamide and 3 grams of acetaldehyde 
with 2 drops of concentrated hydrochloric acid. A vigorous reaction 
took place, and a large amount of heat was evolved. The product 
was washed first with water and then with a little alcohol. The 
yield was about 85 per cent. The substance is insoluble in water, 
but is sparingly soluble in hot alcohol. After crystallisation from 
the latter solvent it melts at 250° (Found, C=55:28; H=4'80; 
N=14°4. CsH,,0,N, requires C=55°09; H=4°70; N=14°5 per 
cent.). 

One gram of the condensation product was boiled with 15 c.c. of 
dilute hydrochloric acid (1:2) for two hours. It dissolved com- 
pletely, and after filtering off the slight amount of resinous matter 
formed, the clear filtrate deposited needle-shaped, colourless crystals, 
which melted at 151° and proved to be p-nitrophenylacetic acid. 

The reactivity of the amido-group of p-nitrophenylacetamide with 
acetaldehyde under the influence of hydrochloric acid is completely 
inhibited in aqueous solution. In this respect p-nitrophenylacet- 


amide 
reacti 

Wi 
pheny 
treate 
tion ¢ 
aceta: 


FE NEGATIVE GROUPS OF DIFFERENT CHARACTER, ETC. 303 
Tequire@ amide differs from phenylacetamide, in which case at least a partial 
raction takes place. 

With the object of attacking the methylene group of p-nitro- 
phenylacetamide, mixtures of this substance with acetaldehyde were 
treated with a few drops of diethylamine or a 50 per cent. solu- 
tion of potassium hydroxide in water. In these cases p-nitropheny]l- 
acetamide did not react at all. 

nylacet 
was in 
did not C. Ethyl Malonamate. 
) 
sali This compound was prepared by Pinner’s method (Ber., 1895, 28, 
54 pe 479). A mixture of ethyl cyanoacetate (45°2 grams) and absolute 
§ alcohol (18°4 grams) was well cooled in a freezing mixture, while a 
very slow stream of dry hydrogen chloride gas was passed in during 
about twelve hours until there was an increase in weight of 14°4 
grams. On keeping overnight, almost the whole of the mixture 
nae of wlidified, a white, crystalline mass of the imino-ether hydrochloride, 
‘once: @ (0,Et-CH,*C(OEt):NH,HCI, being produced. After pouring off 
acid, the liquid, the flask was heated on a water-bath for two to three 
a hours until acid and irritating vapours ceased to be evolved. The 
‘# molten contents were filtered, heated again on the water-bath to 
ensure complete separation of ammonium chloride, filtered once 
more, and cooled in ice, when needle-shaped crystals of ethyl 
malonamate were deposited. After having been washed with a little 
dry ether and dried on a porous plate, the product melted at 50°. 
ree The yield was about 50 per cent. of the theoretical. 
ehyde 
action Action of Acetaldehyde. 
‘oduct 
The Ethyl a-Carbamylerotonate, CHMe:C(CO,Et)*CO-NH».—A mix- 
vater,@ ture of 13°1 grams of ethyl malonamate with 4°4 grams of freshly 
from distilled acetaldehyde became homogeneous after the addition of 
4°80; two drops of diethylamine, a slight amount of heat being evolved. 
) per The liquid was cooled overnight in a freezing mixture, when almost 
the whole of it solidified. The viscous mother liquor was removed 
c.offf by porous plate, and the white, crystalline powder washed with dry 
com- ether. It melted at 78° (Found, C=52°8; H=7°0; N=9°2. 
atter™# C;H,,O,N requires C=53°47; H=7:06; N=8'93 per cent.). The 
stals, product, obtained in a yield of about 80 per cent., was very soluble 
F in water and in alcohol. 
with This substance has a tendency to react additively with ethyl 
etely @ malonamate (1 mol.) in the presence of a little alcohol or water to 


form ethyl aa/-dicarbamyl]-8-methylglutarate. 
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Ethyl aa!-Dicarbamyl-B-methylglutarate, 
CHMe[CH(CO-NH,):CO,Et}p. 


—13°1 Grams of ethyl malonamate were treated with 2°2 grams offf\L. 


freshly distilled acetaldehyde. The mixture was brought to a clea 
solution by the addition of 3 c.c. of water, treated with 4 drops of 
a 50 per cent. aqueous solution of potassium hydroxide, and cooled 
in ice-water. Small, granular crystals, which began to be deposited 
after two or three hours, were separated after twenty-four hours, 
The yield was about 73 per cent. of the theoretical. The crude 
product was washed quickly with water and crystallised from hot 
alcohol, when white, granular crystals melting at 177°5° were 
obtained (Found, C=49°99; H=7:14; N=10°07. C),.H,,0,N, 
requires C=49°96; H=6°99; N=9°73 per cent.). 

This substance could not be prepared in alcoholic solution with 
diethylamine as catalyst, but was easily formed when a mixture 
containing ethyl malonamate, acetaldehyde, and several drops of 
diethylamine was seeded with a few crystals of the condensed 
product. 

One gram of ethyl aa/-dicarbamyl-8-methylglutarate was warmed 
with 2°5 c.c. of concentrated hydrochloric acid, and the clear solu- 
tion boiled for two hours under reflux, after having been diluted 
with an equal volume of water. The solution was cooled and 
extracted with ether. The residue obtained after removing the 
solvent melted at 74—82°. It was dissolved in the least possible 
quantity of water and the solution saturated with dry hydrogen 
chloride. On cooling, it deposited crystals of B-methylglutaric acid, 
m. p. 87° (compare Knoevenagel, Ber., 1898, 31, 2585). 


The author wishes to record his best thanks to Professor J. F. 
Thorpe for his suggestions and his kind interest in the pro- 
gress of this work, and to acknowledge that a grant from the 
Research Fund of the Chemical Society was used to defray part of 
the expense incurred in this investigation. 


THetIMPERtAL CoLircE oF ScIENCE AND TECHNOLOGY, 
Soutn Kensineton, S8.W. 
[ Received, December 22nd, 1920.] 
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Conditions Underlying the Formation 
of Unsaturated and of Cyclic Compounds from 
Halogenated Open-chain Derivatives. Part I. 
Products Derived from a-Halogenated Glutaric 


Acids. 


By CuristopHeR Kerk INGOLD. 


lx the series of papers of which this is Part I, it is proposed to 
xamine the reason for the failure of Baeyer’s strain theory to 
scount satisfactorily for the relative ease of formation and the 
tability of the different types of carbon ring. 

An illuminating example of the difficulties experienced in 
itempting to apply Baeyer’s theory to the simple homocyclic 
ings is furnished by the experiments of Stohmann and Kleber 
VJ. pr. Chem., 1892, [ii], 45, 475) on their heats of formation. 
These investigators found that the quantities of heat absorbed in 
the formation of similarly constituted compounds containing the 
yelopropane, cyclobutane, cyclopentane, and cyclohexane rings by 
the removal of two atoms of hydrogen from corresponding open- 
chain substances were as follows: 

cyclo- cyclo- cyclo- cyclo- 

Ring . oa nnn Propane. Butane. Pentane. Hexane. 

Angle of strain (Baeyer) ... 24-7° 9-7° 0-:7° 53° 

Heat absorbed (S. and K.) ... 38-1 42-6 16:1 14-3 cals. 

For the sake of comparison, the angles which Baeyer regards as 
indicating the relative instability of the different ring systems are 
tabulated with the figures for the heat absorbed in ring formation. 
The discordance is most pronounced. If the thermal numbers are 
wed to construct a “curve of instability,” cyclobutane occupies 
a position at the crest of the curve; according to theory, cyclo- 
propane should be situated at the highest point. Again, cyclo- 
hexane takes the lowest position, which in theory should be 
occupied by cyclopentane. Furthermore, the difference between 
the thermal figures for cyclopentane and cyclohexane is very 
trifling, whereas Baeyer’s theory would lead one to expect a large 
difference of stability. In fact, the curves on which the two series 
of numbers lie belong to quite different families: one contains a 
crest but no trough, and the other a trough but no crest. 

General experience conforms with the thermal measurements 
rather than with the strain theory. Thus it has repeatedly been 
observed that methods of preparation of five-, six-, and even three- 
carbon rings fail, either wholly or partly, when applied to the 
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production of cyclobutane rings. With regard to five- and six. 
membered rings, there is on record a wealth of data indicating 
that they have practically equal stability, a fact which, although 
in accord with the thermochemical results, is in serious conflict 
with theory. 

In the face of such difficulties in the examination by means of 
Baeyer’s theory of the simplest types of ring, it is obviously 
impossible to expect that an indiscriminate application of the 
theory to more complex cases, such as those afforded by the spiro- 
and associated ring compounds now under investigation in these 
laboratories, will prove of service in elucidating molecular con- 
dition ; it is therefore necessary to reexamine the question in a 
more fundamental manner. 

The tetrahedral angle of Baeyer (2 tan-! ./2=109°5°) is the angle 
at the centre of a regular tetrahedron subtended by one of its 
sides. It is probable, however, that the tetrahedron representing 
a carbon atom is approximately regular only when the carbon 
atom is attached to four atoms of a similar kind, for example, to 
four carbon atoms (A). The basic unit of all the polymethylene 
rings is, however, not quaternary carbon, but secondary carbon 
(B). Now, as Kopp, Traube, and others have shown, the hydrogen 


HY 


H” ‘o 
(B.) 


atom in organic compounds occupies a much smaller volume than 
the carbon atom, and it is therefore possible that in the methylene 
group (B) the two carbon atoms attached to the central one occupy 
more of the surrounding space than do the two hydrogen atoms. 
If this is so, the angle between the carbon-to-carbon valencies of 
a polymethylene chain will not be 109-5°, as hitherto supposed, 
but will be some angle greater than this. 

It may be stated at once that this inference is strongly sup-| 
ported by the experiments of this series so far as they have as yet 
progressed, as well as by a considerable body of evidence from 
other quarters. 

To each of the four atoms attached to the central carbon atom 
of the methylene group (B) may be allocated a spherical domain 
the cubic content of which, according to the hypothesis adopted, 
is proportional to the atomic volume of the element. Apart from 
this condition, the size assumed for these domains is immaterial, 
and, indeed, they need not even be regarded of necessity as 
mutually exclusive. If, however, the centres are first fixed by sup 
posing the spheres to be in mutual contact, and are then joined to 
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ix-@ one another and to the centre of an internal sphere having contact 
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vith the other four, there is obtained an irregular tetrahedron 
vith two planes of symmetry. If V and v are the atomic volumes 
of carbon and hydrogen, respectively, the longest edge of this 
tetrahedron will be proportional to V+, and the angle 2@ subtend- 
ing it at the internal point will be the required angle between the 
arbon-to-carbon valencies. Similarly, the shortest edge will be 
proportional to vt, and the subtending angle, 2¢, the angle between 
the valencies attaching hydrogen. 

It is not difficult to show that in these circumstances 6 and ¢ 
are given by the equations 


Visin ¢ — vt sin 6=(Vt— v3) sin @ sing 
and 
Vt cot 6+ vt cot $= /2(V vt, 
of which the solution for 6 is 
/6(Vv)t - (Vt + vt) 
-2(Vu)t -— (V8 = vd) © 

Using Traube’s values (Ahrens’ Vortrdge, 1899, 4, 255) for V 
and v, we have, finally, 26=115°3°; that is to say, the angle 
between each pair of carbon-to-carbon valencies in a polymethylene 
chain is nearly 6° greater than has hitherto been commonly 
supposed. 

Accepting the new value, it is possible to calculate by how much 
the terminal carbon atoms of a n-propane chain must approach 
me another in forming a cyclopropane ring, those of a n-butane 
chain in forming a cyclobutane ring, and so on. The figures thus 
obtained, namely: 


cosec 9@=1+ v3. 


cycloPropane. cycloButane. cycloPentane. cycloHexane. cycloHeptane. 
0-345 0-427 0-220 0-207 0.730 


are not only in excellent functional agreement with the thermal 
determinations of Stohmann and Kleber, but are also in complete 
qualitative accord with more purely chemical experience of the 
formation of such rings, in particular, with the difficulty with 
which the closure of the four-carbon ring is attended, and with 
the almost equal ease of formation of five- and six-membered carbon 
rings. 

The striking effect, of which hitherto no explanation appears 
to have been suggested, of the gem-grouping in promoting ring 
formation, is also very easily accounted for. Besides the numerous 
examples of this phenomenon occurring in the chemistry of the 
tamphors and the bicyclic terpenes, there are many which have 
been furnished by synthetical experiments, particularly in con- 
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nexion with the preparation of gem-dimethyleyclopropane and 
gem-dimethyleyclopentane compounds.* Thus Perkin and Thorpe 
found that aa-dimethylbutane-af6-tricarboxylic acid was smoothly 
converted into a cyclopentanone derivative merely on boiling its 
sodium salt with acetic anhydride (T., 1904, 85, 138), a change 
which has never been observed to occur with adipic acids contain- 
ing no gem-dialkyl grouping. The effect is equally apparent in 
heterocyclic ring formation. Thus, whilst the a-hydroxy- and the 
aa’-dihydroxy-derivatives of Bf-dimethylglutaric acid cannot be 
obtained in the free state, owing to their tendency to change into 
lactones, the corresponding hydroxy- and dihydroxy-glutaric acids 
can readily be isolated, and are comparatively stable substances 
(pp. 321, 322, and 323). Similarly, whilst glutaric anhydride 
is easily decomposed by water, B8-dimethylglutaric anhydride 
may be boiled for hours with but little change, and af-tri- 
methylglutaric anhydride actually crystallises from hot water 
with water of crystallisation (Perkin and Thorpe, T., 1899, 
75, 65). It may also be noted that the only known f lactones 
contain the gem-dialkyl grouping (Baeyer and Villiger, Ber., 1897, 
30, 1955). 

These contrasts are clearly explicable by the theory that groups 
attached to a carbon atom bearing two methyl radicles, for 
example (/)), are in closer proximity than the same, or similar, 
groups attached to a carbon atom combined with two hydrogen 
atoms (C). 


\C CO0,Et” \C 
(B.) 


Probably the comparatively considerable stability of dialkyl- 
and diaryl-ketens is to be ascribed to the same cause. 

The fact that these effects are not due to.the repulsion of 
electrically similar methyl groups, but are essentially connected 
with volume relations, is proved by the occurrence of cases in 
which such electrically dissimilar groups as methyl and carbethoxyl 
take the place (#) of the gem-dialkyl grouping, such as, for 
example, that of methyldiacetylsuccinic ester, which, under 
exceedingly mild conditions, is converted into a five-carbon ring 
ketone, a type of change which cannot be brought about in the 
case of the unmethylated analogue (Willstitter and Clarke, Per. 
1914, 47, 298). 


* Mr. Kon of this laboratory has in progress some interesting experiments 
illustrating the same point in relation to cyclobutane derivatives. 
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When the components of the gem-grouping themselves form 
part of a ring (/), a further convergence of the attached groups 
may take place (Beasley, Ingold, and Thorpe, T., 1915, 107, 
1080). 

In direct contrast to the effect of the gem-grouping in promoting 
the closure * of three-, four-, and five-membered carbon rings is 
that of the semi-cyclic double bond. Clearly, according to the 
hypothesis that the spatial configuration of unstrained molecules 
is determined by the relative volumes of the component parts, the 
presence of a potential semi-cyclic double bond, whilst hindering 
the formation of the smaller rings, should promote that of seven- 
and eight-carbon rings. An instance showing that this is so is 
afforded by the cyclic ketones; for although cyclopropanone and 
gelobutanone cannot be obtained by the Wislicenus method, cyclo- 
heptanone is produced in fairly good yield. 

In view of the large number of facts satisfactorily collated by 
the modified strain theory, it seemed desirable to undertake a 
ries of experiments with the definite object of justifying (or 
otherwise) the introduction of atomic volumes into this branch 
of stereochemistry. The prime necessity clearly is to follow some 
me method of ring formation throughout all the obtainable types 
of alicyclic ring, starting with the cyclopropane ring, this being 
the reference case with which the closure of other rings is to be 
compared. Furthermore, it is necessary that the method of 
experiment should be carefully standardised, and, so far as possible, 
placed on a quantitative basis. 

Much depends on the method of ring formation adopted. It is 
dearly unsatisfactory to employ a method such as that of Dieck- 
mann, which fails in its application to the lower rings through 
the entrance into the reaction of more than one molecule of the 
open-chain substance. Again, Perkin’s method, although widely 
applicable, suffers from the disadvantage that the results are 
affected by the reversible alcoholysis of the sodio-esters employed, 
and it is difficult, therefore, to draw conclusions regarding the 
questions now at issue. Further, it is evident that, although the 
reaction chosen must be of a sufficiently enforced character to 


* It is proposed to deal in this paper only with the formation of rings and 
hot with their stability. The latter also is very dependent on the attached 
gtoupe, and is conditioned in particular by the curvature of the most curved 
valency in the molecule (Ingold and Thorpe, T., 1919, 115, 320). The 
maximal curvatures for the unsubstituted polymethylene hydrocarbons 
— from 2¢=115-3° are as follows, there being no maximum at cyclo- 

lutane ; 


tycloPropane. cycloButane. cycloPentane. cycloHexane. cycloHeptane 
0-927 0-436 0-126 0-084 0-230 
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ensure the production, at least to some extent, of the more highly 
strained rings, there should always be possible under the conditions 
of the experiments some standard side-reaction with which ring 
formation may compete. The progress of ring formation in 
competition with the side-reaction is, then, a measure of the ease 
of production of the ring. 

The reaction which appeared best to fulfil these conditions was 
that by which caronic acid was first prepared (Perkin and Thorpe, 
T., 1899, 75, 48) from $8-dimethylglutaric acid, namely, the 
elimination of hydrogen bromide by means of alkali from the 
a-bromo-substitution product. The method has since been applied 
to the production of cyclic compounds from other BA-disubstituted 
glutaric acids (T., 1915, 107, 1080; 1920, 117, 591, 1579). In 
all these cases, the formation of an unsaturated derivative simply 
by the elimination of hydrogen bromide from the bromo-acid is 
impossible; very little work appears to have been done on the 
application of the method to the more simply constituted dibasic 
acids, such as glutaric and adipic acids, the a-halogen derivatives 
of which might be expected to yield unsaturated as well as cyclic 
elimination products. 

The standard side-reaction in all these cases is the replacement 
of the halogen atom by the hydroxyl group, a reaction which, so 
far as has been ascertained by preliminary experiments, takes 
place with approximately equal ease when the different bromo 
acids are treated with dilute solutions of alkalis. Under these 
conditions, the extent to which direct elimination of hydrogen 
bromide occurs is always slight, even if capable of detection. 
When, however, more concentrated solutions of the alkali are used, 
and particularly when water is replaced by alcohol as solvent, 
direct elimination is favoured at the expense of hydroxylation, and 
may become the principal reaction. The elimination may, more 
over, proceed in two directions, to give in the one case an un- 
saturated acid and in the other a cyclic compound. Thus from 
every monobromo-dibasic acid there should arise three products. 
a-Bromoglutaric acid should yield a-hydroxyglutaric acid (I); 
glutaconic acid (II), and cyclopropanedicarboxylic acid (III). 


CHBr:CO,H CH(OH)-CO,H CH-CO,H 
r 
CH, —> CH, and CH and CH,<t 1-00, 
) 


I ! | 
CH,CO,H OH,-CO,H CH,-CO,H 
(I.) (II.) (III.) 


H-C0,H 


Similarly, abromoadipic acid should give a-hydroxyadipic, 
As-dihydromuconic, and cyclobutanedicarboxylic acids: 
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(H,CHBr-CO,H | QH,-CH(OH)-CO,H | 
(H,-CH,*CO,H CH,-CH,-CO,H 


nd 


H:CH:-CO,H _ CH,°CH-CO,H 
H,*CH,°CO,H CH,°CH-CO,H 
ad so on. 

It was therefore to be anticipated that an examination of the 
proportions in which these various substances were produced from 
ihe different bromo-acids under standard experimental conditions 
would yield valuable evidence on the tendency to the formation 

the different rings, and on the peculiar position in the theoretical 
heme occupied by the double bond. 

The present communication deals with glutaric acid, the a-mono- 
aid aa!-dibromo-derivatives of which have been treated under two 
dandard sets of experimental conditions. 

It has already been shown by Perkin and Tattersall (T., 1905, 
87, 366) that trans-cyclopropane-1 :2-dicarboxylic acid is one of 
ihe substances formed when ethyl a-bromoglutarate is treated with 
sconcentrated solution of an alkali. Crystals of this acid were 
utually deposited from the syrup obtained by acidifying the pro- 
iuct of the reaction. Only small quantities of material were 


When ethyl a-bromoglutarate is boiled with a 2N-solution of 
wlium carbonate, simple hydroxylation occurs almost entirely, 
thydroxyglutaric acid (I), or its lactone, forming about 95 per 
wt. of the product. trans-cycloPropane-1:2-dicarboxylic acid 
ll) is also obtained in 3 per cent. yield, but no trace of glut- 
wonic acid (IT). 

With 6N-methyl-alcoholic potassium hydroxide as the reagent 
the same substances are produced, but in very different proportions, 
ad in company with others. Glutaconic acid was isolated in this 
ase, but only in small amount. The cés-form of cyclopropane-1 : 2- 
licarboxylic acid was also obtained. In addition to these, a small 
imount of paraconic acid (IV), evidently a product of the fission 


H-CO,H 
H-CO,H 


CH, —> 


(III.) 


ifone or both of the cyclopropanedicarboxylic acids, was isolated. 
The method employed for the separation of these substances, 
Ntich included a fractional distillation, rendered it impossible to 
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account for the whole of the material, but the products actually 


isolated were: 
Per cent, 
a-Hydroxyglutarie acid (including its lactonic acid, which was 
ydrated before weighing) ... see 
Glutaconic acid ... + ove enn 
trans-cycloPropane-1 : 2-dicarboxylic acid 
Cis- ” ” > ”? 9° 
Paraconic acid 


Total isolated = 
These figures indicate in an exceedingly clear manner the remark- 


able tendency toward the formation of cyclopropane derivatives by 
the elimination, along with bromine, of an atom of hydrogen from 


the a-carbon atom of the acid. If in place of the paraconic acidf 


count is taken of the equivalent quantity of the cyclopropane. 
dicarboxylic acid from which it must be supposed to be derived, 
then at least 47 per cent. of the two stereoisomeric forms of the 
latter acid is produced during the reaction. In striking contrast to 
this, the elimination of the B-hydrogen atom to form glutaconic 
acid takes place to the extent of 3 per cent. only. 

It may be added that the remarkable tendency toward the forma- 
tion of the cyclopropane ring indicated by these results is strongly 
brought out by the singular contrast which the investigation of 
mono- and dibromo-adipic acids provides. This point will be more 
fully examined in a further communieation dealing with the 
behaviour of these acids. 

Interesting results were obtained on extending the investigation 
to aa/-dibromoglutaric ester. The dibromination of glutaric acid 
has been investigated by Auwers and Bernhardi (Ber., 1891, 24, 
2230), who isolated a dibromo-acid melting at 169—170°. This acid, 
although the least soluble and most easily isolated, is not the only 
product of direct dibromination, but forms about two-thirds of a 
mixture of two isomeric acids. These two acids, melting at 170° 
and 142° respectively, are evidently identical with the two bromo 
acids prepared by Thiele (Annalen, 1901, 314, 305) by oxidation 
of the cis- and trans-forms of 1 :4-dibromo-2 :3-dihydroxycyclopen- 
tane. Since the cis-form yielded only the acid of higher melting 
point, and the trans-form only the acid, m. p. 142°, it is clear that 
the former must be the meso-variety of dibromoglutaric acid and 
the latter the racemic compound : 
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actually 
| -_ 1, Br H 
erent, | / a ‘  —> ~~ 00~,H <  e X CO,H 
16 \\cH(oH)CHOH)”| a ® S 
3 H Ff Br 
"trans. racemic (m. p. 142°). 


6 A boiling dilute solution of sodium carbonate quickly converts 

both these bromo-acids into the corresponding dihydroxy-acids. 
The product actually isolated may ‘not be the free dihydroxy-acid, 
but its monolactone, or a mixture of this with the free hydroxy- 
wid. The dihydroxy-acid derived from the meso-dibromo-acid is 
table up to its melting point, 162°, but above this temperature 
a radily eliminates water, yielding a monolactonic acid, m. p. 150°. 
lerived, B the dihydroxy-acid derived from the racemic bromo-acid is, on the 


remark- 
‘ives by 
on from 
lic acid 


of Ge ontrary, much less stable. It evolves water vapour fairly rapidly 
— OH t 100°, and almost instantaneously at 125°, changing into a mono- 
taconic 


lectonic acid, m. p. 168°. 
An aa!-dihydroxyglutaric acid has been prepared by Kiliani and 
forma B Vstthes (Ber., 1907, 40, 1238) by eliminating carbon dioxide from 
a ty-dihydroxypropane-aay-tricarboxylic acid: 
e more) ©O.H:CH(OH)-CH,-C(OH)(CO,H), —> 
th the CO, + CO,H:CH(OH)-CH,:CH(OH)-CO,H. 
Unfortunately these investigators did not characterise the acid 

igation Mf cbtained by any derivatives other than salts, and the question of 
ic acid identity is therefore to some extent an open one. Kiliani and 
1, 24,8 Matthes’s monolactonic acid, however, melted at 168°, and a refer- 
is acid, # ence to their description makes it appear probable at least that their 
e only § lihydroxy-acid is identical with that obtained by the action of 
is of 4 sodium carbonate on the racemic dibromo-acid. Using an optically 
t 170°Hf active tricarboxylic acid, they obtained, besides the substance here 
bromo referred to, an optically active dihydroxyglutaric acid, and con- 
dation cluded that the inactive isomeride must therefore have the meso- 
open configuration. It is clear from what has been said, however, that 
relting § the substance is probably not the meso- but the racemic acid, and 
that it is formed by the partial racemisation of the active com- 
pound under the conditions of Kiliani and Matthes’s experiment. 
The new dihydroxy-acid (m. p. 162°) must therefore be regarded 
is the meso-form (V), and its hydroxy-lactone (m. p. 150°) as the 
‘rans-lactone (VI). The other dihydroxy-acid (decomp. below 125°) 
nust be the racemic acid (VII), and its lactone (m. p. 168°) conse- 
quently the cis-lactone (VIII). The structures assigned to the lac- 
tones follow because the interconvertibility by hydration and 
ithydration of these with the corresponding dihydroxy-acids has 
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been experimentally proved. In order to avoid a recurrence of 
difficulties in identification the substances were characterised by 


OH OH CO,H H 
CH, 
co,a_!| | | cox >>| 


a | a u Ort 
(V. m, p. 162°.) (VI. m. p. 150°.) 
H 


OH co, a OH 


Pi 4d 
00,H—— ‘we CO,H is aoe, 
H OH H 


(VII, m. p. 125° dec.) ame m. p. 168°.) 


means of their anilides and p-toluidides, which were in every way 
suitable for the purpose. 

When methyl or ethyl dibromoglutarate is hydrolysed by 1 
2N-solution of sodium carbonate the above-mentioned hydroxyla- 
tion products constitute no more than about 90 per cent. of the 
total yield. The remainder consists mainly of a bromocyclopropane 
dicarboxylic acid (IX). On prolonged boiling with a solution of 
sodium carbonate, replacement of the bromine atom by the 
hydroxyl group occurs, and the cyclopropanoldicarboxylic acid (X) 
is produced : 

Br-CO,H (OH)-CO,H 0 
CHy<bH-00,H CH<O8-00,H CH 


(IX.) (X.) (XI.) 


The action of a dilute solution of sodium carbonate on the 
dibromoglutaric esters therefore pursues a course closely analogous 
to that followed during decomposition of the monobromo-ester 
under the action of this reagent. Consequently, it was expected 
that on treating the dibromo-ester with concentrated, methyl-aleo- 
holic potassium hydroxide the formation of hydroxylation products 
would be reduced to a minimum and a large yield of the hydroxy. 
acid (X) would result. A strong motive for endeavouring to obtail 
this acid in quantity was that from it, by the action of concer 
trated sulphuric acid, it should be possible to prepare the theoreti: 
cally simplest cyclic ketone, cyclopropanone (XI), a supply “ 
which is urgently required for the work on spiro-compounds nov 
in progress in this laboratory. Although large quantities of the 
hydroxy-acid (X) were not obtained, a small amount of cyclopre 
panone, enough partly to characterise the substance, was actually 
prepared by this method. 

The hydroxy-acid (X) cannot be obtained by the action of a cot 
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entrated, methyl-alcoholic solution of potassium hydroxide because 
the cyclopropane ring, although doubtless originally formed, is 
unstable under the conditions of the experiment. The material 
actually isolated consisted of hydroxylation products [(V)—(VIII)] 
about 10 per cent.) and a mixture of two other acids (90 per cent.). 
That present in smaller quantity proved to be methoxycyclopro- 
pane-1 : 2-dicarboxylic acid (XII), whilst the main constituent was 
aketoglutaric acid (XIII), which has already been prepared and 
characterised by Blaise and Gault (Bull. Soc. chim., 1911, [iv], 9, 
451) and by Wislicenus and Waldmiiller (Ber., 1911, 44, 1564). 


(OMe)-:CO,H CO-CO,H 
aK, H:CO,H CAy< oH, -C0,H 
(XII) (XIIT.) 
That the main bulk of the ketonic acid is produced by the fission 
of the cyclopropane ring, and not by way of a hydroxyglutaconic 
aid through tautomeric change: 


HBr-CO,Et CH(OH)-CO,H 


CH, 


HBr-co,Et —~ C#<cu-co,w * 
1 us ad a —> CHOOE/ OOF, on OO COm 


H-CO,H CH,:CO,H 2N\CH,°CO,H 


is proved by the fact that 1-bromocyclopropane-1 : 2-dicarboxylic 
acid (IX), which, apparently, is the first product of ring-closure, 
when treated with a concentrated, methyl-alcoholic solution of 
potassium hydroxide, yields a mixture of the methoxy-acid (XII) 
and the ketonic acid (XIII) in about the same proportion as that 
obtained when ethyl dibromoglutarate is hydrolysed under com- 
parable experimental conditions. The formation of these acids is 
therefore probably to be represented as follows: 


CHBr-CO,Et Br-CO,H 
CA<onpr-coet — CH<bu.c0,8 


/ 


v 
— CH, 


—> (XIL) 


Q(0H)-CO,H 


C(OH),*CO,H 
CH bH-CO,H 


H,co,H) | > XTL) 


I wish to be allowed this opportunity of expressing my gratitude 
to Prof. J. F. Thorpe for his interest in these experiments and for 
the encouragement I have received from him. 
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ExPERIMENTAL. 
(A) Preparation of Glutarie Acid. 


An examination was made of the various methods hitherto pro. 
posed for preparing this substance. The oxidation of cyclopentan- 
one by nitric acid provides the quickest and cheapest method of 
obtaining the acid in quantity. From 1 kilogram of cyclohexanol 
300—350 grams of glutaric acid may be obtained after three opera- 
tions, oxidation by nitric acid to adipic acid (Bull. Soc. chim, 
1908, 146, 432), distillation of the latter with baryta (Fried- 
lander, 1912—1914, 48, Fr. Pat. 33624), and oxidation of the distil. 
late (Annalen, 1893, 275, 320), all of which are easy to carry out 
with considerable amounts of material. The crude glutaric acid 
extracted from the oxidation product by means of benzene melted 
sharply at 95° after recrystallisation from chloroform. 


(B) Monobromination of Glutaric Acid. 


A mixture of glutaric acid (200 grams) and thionyl chloride 


(280 c.c.) was warmed until no more sulphur dioxide was generated 
The product was heated at 60° before a naked arc light, while dry 
bromine (87 c.c.) was added in six equal portions at intervals time 
to correspond with the rate of absorption. 


Ethyl a-Bromoglutarate. 


This ester was prepared by pouring the crude bromination pro- 
duct into ethyl alcohol, and was collected in ether after adding 
water. Traces of acidic products were removed by sodium carbor 
ate, the extract was washed, dried, and the oil remaining after 
evaporation of the ether distilled several times, when the mono 
bromo-ester, b. p. 142°/11 mm., was isolated, the yield being 50 per 
cent. of the theoretical (Found, Br=29°9. C,H,,0,Br require 
Br=30°0 per cent.). 


(C) Dibromination of Glutaric Acid. 


The dibromination was conducted exactly like the mono-bromin 
tion, except that 174 c.c. of bromine were used and the whl 
operation was conducted at 100°. The product was divided, pat 
being poured into formic acid and part into ethyl alcohol. 1 
another experiment one portion was poured into methyl alcobd 
and another into tsopropyl alcohol. 


) pro- 
ntan- 
od of 
xanol 
»pera- 
him., 
‘ried- 
distil- 
y out 
: acid 
relted 


UNSATURATED AND OF CYCLIC COMPOUNDS, ETC, 317 


meso-aa!-Dibromoglutarie Acid. 


The crystals which separated from the formic acid solution were 
wllected and the mother liquors evaporated to dryness. The resi- 
dual syrup on seeding with a crystal completely solidified. The 
crystalline material was washed with a small amount of a mixture 
of chloroform and light petroleum, and was then finely powdered, 
and extracted with boiling chloroform until the melting point of 
the undissolved portion was 165°. This, on recrystallising from a 
nixture of ether and chloroform, yielded mesodibromoglutaric acid. 
A further quantity was obtained by evaporating the chloroform 
extracts, treating the residue with the boiling solvent, and filtering 
the solution after cooling, when the meso-acid separated in dense, 
very hard prisms melting at 170° (Found, Br=55°1. Calc., Br= 
jb'2 per cent.). . 


Racemic aa!-Dibromoglutaric Acid. 


The residue obtained on evaporating the chloroform filtrate 
melted at 130—136°, and constituted about one-third of the 
original crystalline material. It was recrystallised alternately 
from chloroform and a mixture of acetone and benzene. Three 
cystallisations from each solvent yielded the racemic acid in a 
state of purity. The material isolated from the mother liquors, 
alter re-extracting with boiling chloroform, was purified in the 
ame way. The acid separated'in heavy, oblique prisms present- 
ing a curious, speckled appearance, owing to certain of the crystal 
facets transmitting practically the whole of the incident light. 
This property only became noticeable when the acid had been 
almost completely freed from the meso-isomeride, and may 
apparently be taken as a good indication of the purity of the 
specimen. The pure acid melted at 142° (Found: Br=55-l. 
Cale.: Br=55°2 per cent.). 


Methyl aa!-Dibromoglutarate. 


The preparation of this ester from the crude dibrominated pro- 
duct with the aid of methy! alcohol was similar to that of ethyl 
tbromoglutarate. It boiled at 172°/32 mm., the yield being 
8) per cent. of the theoretical (Foynd: Br=50'l. C,H,,0,Br. 
requires Br =50°3 per cent.). Only traces of acidic products were 
attracted by sodium carbonate. 
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Ethyl aa'-Dibromoglutarate. 


The ethyl ester was obtained in equally satisfactory yield by 
pouring the dibromination product into ethyl alcohol. It was 
isolated like the methyl ester, and boiled at 174—175°/21 mm. 
(Found: Br=46°3. C,H,,0,Br,. requires Br=46°2 per cent.). 


isoPropyl aa!-Dibromoglutarate. 


This ester was obtained in an analogous way, using isopropyl 
alcohol. It boiled at 195°/31 mm. (Found: Br=42%. 
C,,H,,0,Br, requires Br=42°8 per cent.). 


(D) Action of Dilute Alkalis on Ethyl a-Monobromoglutarate: 
Formation of a-Hydroxyglutaric Acid, its Lactonic Acid, and 
of trans-cycloPropane-1 : 2-dicarboxylic Acid. 


Ten grams of ethyl a-bromoglytarate (section B) were boiled 
for twenty hours with 4°5 equivalents of a 2-solution of sodium 
carbonate. The product was acidified, saturated with ammonium 
sulphate, and extracted with ether. The aqueous layer was 
evaporated to dryness, and the residue extracted with acetone. 


a-Hydrozyglutaric Acid (I, p. 310).* 


The residue from the acetone extract was mixed with some fresi 
acetone, when in the course of a few days crystals were deposited, 
further quantities being obtained by adding small amounts off; 
benzene. The substance was recrystallised from moist ethyl acetate 
at the ordinary temperature, when it separated in large prisms, 
which melted with decomposition at 98—100°, and passed intog y 
the lactonic acid (Found: C=40°4; H=5°5. C,;H,O, requires 
C=40°5; H=5-4 per cent.). 

The acid does not appear to have been isolated previously 
the pure condition, although several of its salts are known. 


Lactonic Acid of a-Hydroxyglutaric Acid. 


The acetone and benzene mother liquors from which a-hydroxy: 
glutaric acid had separated were evaporated, and the residue left 
in an evacuated desiccator for three weeks. The cake of fe 


* Ethyl a-hydroxyglutarate has been prepared by directly esterifying the 
acid. It is a colourless, mobile liquid boiling at 143°/12 mm. (Found C=528: 
H=8-l, C,H,,0, requires C=52-9; H=7-9 per cent.). 
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needle-shaped crystals into which it had changed was then recrystal- 
lised from a mixture of acetone and benzene at a low tempera- 
ture. The pure substance melted at 50°, was very hygroscopic, 
Band closely agreed in its properties with the acid described by 
Wolff (Annalen, 1890, 260, 129) (Found: C=46:2; H=4'7. 
‘BCale.: C=46°1; H=4°6 per cent.). 


trans-cycloPropane-1 :2-dicarboxylic Acid (III, p. 310). 


The ethereal extract of the acidified product of hydrolysis was 
dried and evaporated, and the small residue treated with a drop 


‘8.8 of concentrated hydrochloric acid. The crystals which separated 


were drained, and, after recrystallisation from a few drops of 
water, identified with an authentic specimen of trans-cyclo- 
propane-l : 2-dicarboxylic acid by the method of mixed melting 
point (174°) (Found: C=45°'7; H=4°8. Cale.: C=46:1; H=4°6 
per cent.). 


(E) Action of Concentrated Alkalis on Ethyl a-Monobromo- 
glutarate: Formation of a-Hydroxyglutaric Acid, its 
Lactonic Acid, Glutaconic Acid, cis- and _ trans-cyclo- 
Propanedicarboxylic Acids, and Paraconic Acid. 


Two hundred grams of ethyl a-bromoglutarate (section B) were 
heated to 100° and run in a thin stream into 1000 c.c. (2:7x3 
equivalents) of a boiling 6V-methyl-alcoholic solution of potassium 
hydroxide. The mixture was boiled for thirty minutes, and then 
evaporated several times with water. The residue was dissolved 
in a slight excess of concentrated hydrochloric acid, and the 
wganic acids extracted by means of ether and acetone. The 
'Btoduct consisted of 70 grams of a syrup soluble in ether and 
‘ grams of a syrup sparingly soluble in ether, but readily so in 
acetone. 


trans-cycloPropane-1 : 2-dicarboxylic Acid (III, p. 310). 


The syrup which was soluble in ether was allowed to crystallise 
*s completely as possible, and the solid, consisting essentially of 
'rans-cyclopropanedicarboxylic acid, drained on porous porcelain. 
The residual syrup was extracted by means of ether from the 
Mrous porcelain and digested with acetyl chloride for six hours. 
The excess of the reagent was evaporated, the residue dissolved 
nether, and the solution extracted quickly with a dilute, aqueous 
“lution of sodium hydroxide. The aqueous solution was acidified, 
‘“neentrated, and extracted with ether. After removal of the 
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solvent, the residual syrup was esterified with ethyl alcohol an 
zinc chloride, the water formed in the reaction being carried away 
in a current of benzene vapour. After evaporating the excess o 


alcohol, the ester was repeatedly distilled (b. p. 230—240°), andj 


was then hydrolysed by boiling with concentrated hydrochloric 
acid. The product, after most of the reagent had evaporated, was 
allowed to crystallise in an evacuated desiccator. The crystals 
consisting of crude trans-cyclopropane-l : 2-dicarboxylic acid, were 
freed from a small quantity of adhering syrup by draining on 
porous porcelain, and added to the first crop, the total weight cf 
the crude, crystalline acid amounting to 34 grams. Afte 


recrystallisation from water, it melted at 175° (Found: C=46'1; 


H=47. Cale.: C=46'1; H=4°6 per cent. For the silver salt 
found: Ag=62°6. Cale.: Ag=62°8 per cent.). 


cis-cycloPropane-1 : 2-dicarborylic Acid (III, p. 310). 


The ethereal solution of the anhydrides (p. 319) was dried 
and evaporated. The residue was boiled with water, and the 
clear solution evaporated in a vacuum over sulphuric acid. The 
stiff gum thus obtained (about 15 grams) exhibited no tendency 
to crystallise, and was therefore esterified with ethyl alcohol an 
zinc chloride in a current of benzene vapour. The ester was 
separated into two main fractions, the larger having b. p. 
228—235°, and the smaller b. p. 242—-247°, which were separately 
digested with an excess of a 3N-ethyl-alcoholic solution 
potassium hydroxide. After evaporating the alcohol, an excess ¢j 
hydrochloric acid was added, and the organic acids extracted with 
ether. The acid thus obtained from the fraction of lower b. p. 
solidified almost completely to a dense cake of crystals, which, 0 
recrystallising from a mixture of acetone and benzene, melted 4 
139°. The acid was identified as cis-cyclopropane-l : 2-dicarboxyli 
acid by analysis (Found: C=46°0; H=4°6. Cale.: C=461 
H=4-6 per cent.), by the preparation of its anhydride (m. p. 7° 
and by conversion into the trans-isomeride by heating with dilute 
sulphuric acid. 

The acid obtained from the ester of higher b. p. gave, 
analysis, figures agreeing closely with those required for a-meth 
oxyglutaric acid (Found: C=444; H=62. (©,H,0; requires 
C=44:4; H=6-2 per cent. For the silver salt, found: Ag=57? 
CyH,O,Ag, requires Ag=57°4 per cent.). Unfortunately, ™ 
quantity was very small, and the acid could not be obtained in! 
crystalline form. 
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Glutaconic Acid (II, p. 310). 


The presence of glutaconic acid in the ultimate residues obtained 
fn the preparation of trans-cyclopropanedicarboxylic acid was 
_Memonstrated in the following way. The porous plates on which 
[the second crop of trans-cyclopropanedicarboxylic acid had been 
'‘Hirained were extracted with ether, and the residue from the 
Tithereal extract digested for six hours with acetyl chloride con- 
Auining phosphorus trichloride. After evaporating the excess cf 
the reagent, the anhydrides were dissolved in benzene and treated 
Ivith an excess of aniline. The crystalline product was washed 
vith dilute hydrochloric acid, dissolved in a cold solution of sodium 
arbonate, and reprecipitated from the filtered solution by hydro- 
chloric acid. Finally, it was recrystallised from a mixture of 
nethyl alcohol and benzene. The pure substance melted at 134°, 
and was identified as the cis-semianilide of glutaconic acid by 
aalysis (Found: C=646; H=5°5. Cale.: C=644; H=5'4 per 
Jeent.), by comparison with an authentic specimen, and by con- 
Jrersion by heating into the trans-isomeride (m. p. 167°), which was 
Jako identified by means of a genuine specimen (compare Bland and 
Thorpe, T., 1912, 101, 857). 


a-Hydroxyglutaric Acid and its Lactonic Acid. 


The syrup insoluble in ether was first decolorised by digesting 
its solution in acetone with active charcoal. Preliminary experi- 
jg uents and analyses, particularly of the silver salts precipitated 
uder varying conditions, having indicated, in addition to 
§ chydroxyglutaric acid and its lactonic acid, the presence of some 
other less easily hydrated lactonic acid, three-quarters of the total 
yrup was dissolved in moist ethyl acetate, warmed at 30°, and 
inoculated with a crystal of a-hydroxyglutaric acid. Crystallisa- 
tion proceeded rapidly during the first day, and afterwards only 
‘lowly. The crystals were weighed from time to time, the solu- 
tion being temporarily decanted for this purpose, and the calcu- 
lated amount of water added after replacing the mother liquor. 
Finally, when crystallisation had ceased, the liquid was decanted, 
dried with anhydrous sodium sulphate, filtered, and replaced. The 
crystals, together with the dried mother liquor, were cooled in a 
freezing mixture for twelve hours, and then finally separated. 
The substance melted at 96—100° with decomposition, and con- 
‘sted of almost pure a-hydroxyglutaric acid, evidently formed 
to a considerable extent by the gradual hydration of its lactonic 
acid. It was recrystallised for analysis from moist ethyl acetate 
(Found: C=40°35; H=5°55. Calc.: C=40°5; H=5'4 per cent.). 

VOL CXIX. M 
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Paraconic Acid (IV, p. 311). 


The solution in ethyl acetate was evaporated, and the residue 


triturated with a small quantity of chloroform. The crystals§’ , 


which separated were drained on porous porcelain and recrystal- 
lised from a mixture of chloroform and ether (Found: C=463; 
H=4:7. Cale.: C=46'1; H=4-6 per cent.). The acid melted 
at 57°, and its identity with paraconic acid was placed beyond 
doubt by converting it into citraconic anhydride by distillation, 
and identifying the citraconic acid derived from this product by 
direct comparison with a genuine specimen. 


(F) Action of Dilute Alkalis on the aa!-Dibromoglutaric Acids and 
their Esters: Formation of meso- and racemic aa!-Dihydrovy- 
glutaric Acids, their Lactonic Acids, and 1-Bromo- and 
1-Hydroxy-cyclopropane-1 : 2-dicarboxylie Acids. 


(a) Hydrolysis of the meso-Dibromo-acid.—Twenty-five grams of 
the meso-acid (section C’) were boiled with 250 c.c. of a 2N-solution 
of sodium carbonate for 1-5 hours. As no material could be ex- 
tracted by means of ether from the acidified solution, it was evapor- 
ated to dryness and the residue extracted with acetone, The syrup 
remaining after evaporating the acetone solidified completely after 
a few days. 


meso-aa!-Dihydroxyglutaric Acid (V, p. 314). 


The preceding solid was dissolved in boiling acetone, and the meso 
dihydroxy-acid, which was only sparingly soluble in the cold sol- 
vent, was deposited on cooling in thick, prismatic crystals which 
adhered tenaciously to the walls of the tube. The substance melts 
at 162° and immediately evolves water-vapour. It is very soluble 
in water and in methyl and ethyl alcohols, moderately soluble in 
boiling acetone, sparingly so in ethyl acetate, and practically 
insoluble in chloroform, ether, and benzene (Found, C=36:7; 
H=5'2. C,;H,O, requires C=36°6; H=4°'9 per cent.). 


trans-Lactonic Acid of aa!-Dihydroxyglutaric Acid (V1, p. 314). 


(i) The acetone solution from which the dihydroxy-acid had 
crystallised deposited, after the addition of successive small por 
tions of benzene, a small quantity of the same dihydroxy-acid and 
also a considerable amount of a lactonic acid melting at 150°. 

(ii) On heating the meso-dihydroxy-acid at 165° for a fe 
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ninutes a colourless, very viscous gum was formed. After some 
ime this completely solidified to a crystalline substance, m. p. 
\85—150°, which was immediately soluble in a cold solution of 
gdium carbonate and so could not have contained any anhydride 
ot dilactone. It was crystallised for analysis from ethyl acetate 
‘Pfound, C=41°2; H=4°25. C;H,O, requires C=41:1; H=4°'1 per 
ent. For the silver salt: Found, Ag=42°6. C;H;O;Ag requires 
Ag=42°7 per cent.). 

The lactonic acid prepared by either of these methods yielded the 
neso-dihydroxy-acid on hydration with boiling water, and the di- 
ailide and di-p-toluidide of this acid on heating with aniline and 
ptoluidine respectively. f 

meso-Dianilide, CH,{CH(OH):CO-NHPh],.—This derivative was 
prepared by boiling either the meso-acid or the trans-lactonic acid 
with excess of aniline for a few seconds. The anilide crystallised 
m cooling, and was purified by triturating with dilute hydrochloric 
aid and recrystallising from ethyl alcohol. It separated in very 
thin, glistening plates which melted without decomposition at 223°, 
and were soluble only in a large volume of hot alcohol (compare 
the racemic anilide) (Found, C=64°'75; H=5'7. C,,H,,0,N 
requires C=65°0 ; H=5°7 per cent.). 

meso-)i-p-toluidide, CH,|CH(OH):CO-NH:C,H,],—The _ tolu- 
iide was prepared in an analogous way, and, like the anilide, 
crystallised from the fused p-toluidine on cooling. After recrystal- 
lsation from a large amount of ethyl alcohol it melted at 232° 
without decomposition, and was similar in appearance and solu- 
tility to the anilide (Found, C=66°5; H=6°5. C,,H..O,N, 
requires C= 66'7; H=6'4 per cent.). 

(b) Hydrolysis of the Racemic Dibromo-acid.—Ten grams of the 
racemic acid (section C) were boiled with 100 c.c. of a 2N-solution 
of sodium carbonate for one and a-half hours. Extraction with 
ether did not remove any material from the acidified solution, 
which was therefore evaporated to dryness and the residue ex- 
tracted with acetone. In the course of a few days the syrup which 
— when the acetone had evaporated solidified almost com- 
pletely. 


Racemic aa!-Dihydroxryglutaric Acid (VII, p. 314). 


A portion of this material was boiled with water in the presence 
ofa little charcoal, and the filtered solution allowed to crystallise 
atthe ordinary temperature. The dihydroxy-acid which separated 
thanged into the cis-lactonic acid when left in the steam-oven. On 
heating in a tube it melted at about 125° (the exact temperature 

M 2 


Se AS ar A HS 


324 INGOLD: CONDITIONS UNDERLYING THE FORMATION oF 


depending on the rate of heating), eliminating water, and yielding 
the same lactonic acid (Found, C=364; H=5°1. C,H,O, requires 
C=366; H=4°'9 per cent.). 


cis-Lactonic Acid of aa!-Dihydroxyglutaric Acid (VIII, p. 314). 


(i) The solid residue from the acetone extract appeared to consist 
mainly of this lactonic acid, and yielded it in the pure condition 
when recrystallised from a mixture of acetone and benene. It then 
melted at 168°. 

(ii) The racemic dihydroxy-acid*on heating at 135° for a few 
minutes gave a quantitative yield of the pure lactonic acid. The 
product was immediately soluble in a cold solution of sodium hydro- 
gen carbonate, and therefore contained no anhydride or dilactone. 
It melted at 166—168°, and after crystallisation from a mixture of 
acetone and benzene at 168° (Found, C=41:0; H=4°1. C,;H,0, 
requires C=41'1; H=4'1 per cent. For the siver salt: Found, 
Ag=42°55; C;H;O;Ag requires Ag=42°7 per cent.). 

The lactonic acid obtained by both these methods yielded the 
same racemic dihydroxy-acid on hydration with boiling water, and 
the dianilide and di-p-toluidide of this acid when heated with the 
appropriate base. 

Racemic Dianilide, CH,[CH(OH)-CO-NHPh],.—This substance 
was prepared by boiling either the racemic dihydroxy-acid or the 
cis-lactonic acid for a few seconds with an excess of aniline. The 
anilide did not crystallise on cooling (compare the meso-anilide), 
but was precipitated by adding dilute hydrochloric acid. It was 
recrystallised from a small amount of ethyl alcohol and obtained 
in stout, oblique prisms melting at 156° without decomposition 
Unlike the meso-isomeride, it is very soluble in hot alcohol (Foun¢, 
C=65°3; H=5°8. C,,H,,0,N, requires C=65°0; H=5’7 per cent.), 

Racemic Di-p-toluidide, CH,[CH(OH)-CO-NH-C,H,],. — The 
toluidide was obtained in a similar way, using p-toluidine in place 
of aniline. It separated from alcohol in rather slender needles 
melting without decomposition at 179°. Like the anilide, it is 
very soluble in boiling alcohol (compare the meso-toluidide) (Foun¢, 
C=666; H=6'4. C,H .O,N, requires C=66'7; H=6°4 pe 
cent.). ; 

(c) Hydrolysis of the Methyl and Ethyl Dibromo-esters.—On 
decigram-molecule of methyl or ethyl dibromoglutarate was boiled 
with 250 c.c. of a 2N-solution of sodium carbonate for twenty hours 
The clear solution was acidified with 50 c.c. of concentrated hydro 
chloric acid, saturated with ammonium sulphate, and _ extracted 
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iwenty times with an equal volume of ether. The aqueous residue 
yas then evaporated to dryness and extracted with acetone. 

The hydroxylation products extracted with acetone evidently con- 
isted almost entirely of a mixture of meso- and racemic dihydr- 
wyglutaric acids and their respective lactonic acids, as on 
boiling with an excess of aniline it yielded twice its weight of a 
mixture of two anilides, which were readily separated by crystal- 
sation from alcohol and identified with the meso- and racemic 
anilides mentioned above. 


1-Bromocyclopropane-1 :2-dicarborylic Acid (IX, p. 314). 


The ethereal extract on evaporation yielded a crystalline residue 
which melted at 165—170°, and after two crystallisations from a 
mixture of ether and chloroform at 172°. The acid separated in 
dense, thick prisms. The presence of the halogen could not be 
detected by boiling in an open tube with nitric acid and silver 
nitrate, and in a sealed tube the decomposition had to be carried 
out at an unusually high temperature in order to obtain the correct 
amount of silver bromide. The silver salt of the acid also exhibited 
extraordinary stability. When boiled with water in direct sun- 
light it remained quite white, and in solution in dilute nitric acid 
it could be boiled without any separation of silver bromide taking 
place. Taking advantage of this fact, the silver was estimated by 
direct precipitation with hydrochloric acid. The bromo-acid also 
appeared to be very stable towards concentrated hydrochloric acid 
and an alkaline solution of permanganate, which it decolorised only 
sowly even on boiling (Found, C=289; H=2°5; Br=37'8. 
(;H,0,Br requires C=28°7; H=2°4; Br=38-2 per cent. For the 
silver salt: Found, Ag=51'°3. C;H,0,BrAg requires Ag=51-1 per 
cent.). The action of concentrated and dilute alkalis is described 
below. 

Boiling with aniline appeared to bring about some deep-seated 
decomposition, and a dianilide was not obtained. A characteristic 
aniline salt was, however, prepared by mixing ethereal solutions of 
the acid and the base. It separated in rosettes of needles which 
melted at 130° (Found, C=51:4; H=4°85. C,,;H,,0,N,Br requires 
(=51'6; H=4°8 per cent.). 

(d) Hydrolysis of the isoPropyl Dibromo-ester—This ester was 
hot acted upon by 2V-sodium carbonate very quickly. A decigram- 
molecule of the ester was boiled with 250 c.c. of this reagent for 
two hundred hours, and the small quantity of oil which still 
tmained was extracted with ether. The aqueous layer was acidi- 
fed with 50 c.c. of concentrated hydrochloric acid, saturated with 
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ammonium sulphate, and extracted thirty times with an equal 
volume of ether. The aqueous solution was then evaporated to 
dryness and the residue extracted with acetone. 

The hydroxylation products extracted by acetone were dealt with 
as described in sub-section (c) and yielded similar results. 

The cyclic products extracted with ether crystallised rapidly on 
evaporating the solvent, and were freed from gummy impurities by 
draining on porcelain and washing with cold chloroform. The 
residue consisted essentially of a mixture of two acids, one of which 
was easily soluble, and one almost insoluble, in dry ether. The 
former on purification melted at 172°, contained bromine, and was 
easily identified with the above-mentioned bromocyclopropanedi- 
carboxylic acid. The latter proved to be cyclopropanol-1 : 2-dicarb- 
oxylic acid. 


eycloPropanol-1 :2-dicarboxylie Acid (X, p. 314). 


(i) This acid was obtained by recrystallising the portion of the 
ether extract insoluble in dry ether from a mixture of acetone and 
benzene. 

(ii) It was also prepared by boiling the bromocyclopropanedicarb- 
oxylic acid with excess of 2V-sodium carbonate for five hundred 
hours. On acidifying, concentrating, and extracting thorough} 
with ether, the acid was obtained together with a small quantity 0 
the undecomposed bromo-acid, which was easily removed with dr 
ether. The residue was recrystallised from a mixture of acetone 
and benzene, and a 50 per cent. yield of the pure hydroxy-acid 
obtained (Found, C=41'2; H=4:2. C,;H,O, requires C=41'l; 
11 =4'1 per cent. For the si/ver salt: Found, Ag=59°9. C;H,0,Ag 
requires Ag=60°0 per cent.). 

The hydroxy-acid crystallised in short needles melting a 
206—210°. It appeared fairly stable to boiling 20 per cent. hydro 
chloric acid, an alkaline solution of permanganate, and a dilute 
aqueous solution of sodium hydroxide. The action of concentrate 
sulphuric acid is described in section H, and that of a concentrated 
methyl-alcoholic solution of potassium hydroxide in section G. 


(G) Action of Concentrated Alkali on Ethyl aa!-Déibromoglutarate 
Formation of meso- and racemic aa!-Dihydroxyglutaric Acids 
their Lactonic Acids, Methoxycyclopropane-l| :2-dicarbory" 
Acid, and a-Ketoglutarie Acid. 


Two hundred grams of ethyl dibromoglutarate were heated 
100° and poured in a thin stream into 1040 ¢.c. (2°7 x 4 molecules 
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if a boiling, 6N-methyl-alccholic solution of potassium hydroxide. 
When the violence of the reaction had subsided the product was 
jeated for thirty minutes, evaporated twice with water, and the 
rsidue acidified with concentrated hydrochloric acid. On extract- 
ing the acid products, 77 grams of a syrup completely soluble in 
ther were obtained, whilst the material on the filters, when col- 
lected in acetone, yielded 8 grams of a syrup insoluble in ether. 

The syrup soluble in ether consisted of a mixture of methoxy- 
ryclopropane-1 : 2-dicarboxylic acid and a-ketoglutaric acid, and the 
insoluble syrup of hydroxylation products. When either the bromo- 
or hydroxy-cyclopropanedicarboxylic acid (section /’) was used in 
place of the dibromo-ester only a soluble syrup was obtained con- 
isting of the same two acids in about the same proportions. 

The hydrorylation products were treated as described in segtion 
F (p. 324) with similar results. 


Methoxyeyclopropane-1 :2-dicarborylic Acid (XII, p. 315). 


The soluble syrup soon began to erystallise, and after two weeks 
athick crust of dense, prismatic crystals had separated on the walls 
of the dish, which was inverted for several days to drain off the 
residual gum. The crystals then melted at 119—120°, and, after 
reerystallisation from a mixture of benzene and acetone, sharply at 
121° (Found, C=44°95; H=5-0. C,H,O,; requires C=45'0; H=5°0 
percent. For the silver salt: Found, Ag=57°6. C,H,O;Ag, requires 
Ag=57°7 per cent.). When the methoxy-acid was warmed with 
concentrated sulphuric acid, oxidation occurred, and succinic acid 
was isolated from the product. Towards an alkaline solution of 
permanganate the acid exhibited the extraordinary stability 
characteristic of many acids of the cyclopropane series. 


Ethyl a-Ketoglutarate. 


The gum drained from the methoxy-acid was esterified with ethyl 
alcohol and sulphuric acid, and the acid esters were separated in the 
usual manner and re-esterified. On distillation, apart from a small 
fraction of low b. p., from which a further quantity of the preced- 
ing methoxy-acid was obtained on hydrolysis, by far the greater 
portion of the neutral ester was isolated as ethyl a-ketoglutarate, 
b. p. 152—155°/27 mm. (Found, C=53°3; H=7‘1. Calc., C=53°5; 
H=6°9 per cent.), since on hydrolysis with hydrochloric acid it 
gave a quantitative yield of a-ketoglutaric acid, and on shaking 
with an aqueous solution of semicarbazide acetate a crystalline, 
semicarbazone melting at 114° was obtained. (The b. p. of the ester 
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is given as 160°/23 mm. by Wislicenus and Waldmiiller, Joc. cit, 
and as 114°/13 mm. by Blaise and Gault, Joc. cit.; the latter al 
record 114° as the m. p. of its semicarbazone. A similar difficul 
encountered in identifying the ketonic acid is mentioned below.) 


a-Ketoglutaric Acid (XIII, p. 315). 


The ketonic ester was readily soluble in cold, concentrated hydro 
chloric acid. The solution was boiled for two minutes and then 
evaporated. The colourless, syrupy residue, on touching with a 
rod, immediately set to a cake of crystals, which, without purif- 
cation, melted at 111—113°. After two recrystallisations from 4 
mixture of acetone and benzene, the acid melted at 113°5°. It 
was identified as a-ketoglutaric acid by analysis (Found: C=40°, 
H=4-2. Cale.: C=41°1; H=4'1 per cent.) and by the prepar. 
ation of its oxime, which melted at 140° and, on boiling first 
with water and then with a solution of potassium hydroxide, gave 
succinic acid, with the elimination of carbon dioxide and ammonia, 
The semicarbazone and phenylhydrazone were also prepared. ‘The 
former separated from warm water in colourless needles melting 
with decomposition at 220°, and the latter from alcohol as pale 
buff-coloured plates, which melted and decomposed at 152°. The 
ketonic acid developed a dull crimson colour with a solution of 
ferric chloride in dilute alcohol (Wislicenus and Waldmiiller, Joc. 
cit., quote 115--116° as the melting point of the ketonic acid and 
152—153° as that of its phenylhydrazone. Blaise and Gault, Jor. 
cit., give 113° as the melting point of the ketonic acid, 140° as 
that of the oxime, 220° as that of the semicarbazone, and 260° 
as that of the phenylhydrazone. The same authors describe the 
colour given with ferric chloride as yellowish-green). In spite of 
these differences, there would seem to be no doubt as to the identity 
of the acid and of its ester. 


(H) Action of Concentrated Sulphuric Acid on cycloPropanol- 
1: 2-dicarborylic Acid: Formation of  cycloPropanone 
together with Propionic and Succinic Acids. 


A solution of the cyclopropanoldicarboxylic acid in about five 
times its weight of concentrated sulphuric acid was warmed under 
reflux, whereby carbon monoxide, and subsequently carbon 
dioxide and sulphur dioxide, were rapidly evolved. The solution 
was poured into six times its volume of water and distilled in 4 
current of steam. 
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cycloPropanone (XI, p. 314). 


The earlier fractions of the distillate had a faint ketonic odour, 
nd contained almost the whole of the ketone. They were 
jaken with calcium carbonate to neutralise a trace of volatile 
wid, and then redistilled. Again the ketone was concentrated 
ato the first fraction, but it was too soluble in water, and the 
wantity present too small, for a complete separation by fractional 
iistillation to be possible. It was therefore isolated in the form 
if its semicarbazone, which separated from ethyl alcohol in short, 
“Mi slourless needles melting and decomposing at 230—232°. The 

“‘Biield, calculated on the cyclopropanoldicarboxylic acid, was 8 per 
ent. of the theoretical (Found: C=42-4; H=63; N=37°5. 
(,H,ON, requires C=42°5; H=6-:2; N=37'2 per cent.). 

The fission products, propionic acid and succinic acid, were 
vadily isolated by continuing the distillation in steam. The 
listillate was neutralised and evaporated. The organic acids 
ngenerated from the residue were converted into their anilides, 
vhich were crystallised from dilute alcohol. Propionanilide, which 
formed the main constituent, separated in prisms melting at 104°, 
ind was identified by comparison with an authentic specimen and 
by analysis (Found: C=72:25; H=7'6. Cale.: C=725; H=7'4 
yer cent.). Succinic acid was isolated from the liquid in the dis- 
tilling flask by extraction with ether. It was identified by direct 
omparison with a genuine specimen and by analysis (Found: 
C=410; H=5°1. Cale.: C=40°7; H=5'l per cent.). 


A considerable proportion of the expense of this research has 
been met by a grant from the Chemical Society, to whom my 
thanks are due. 
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XLI—The Mechanism Underlying the Reaction 
between Ethyl Cyanoacetate and Tautomeric 
Substances of the Keto-enol Type. 


By CuristopHEeR Keix INGOLD. 


Tae condensation of ethyl cyanoacetate with ketones has been 

the subject of numerous investigations. Usually, the first product 

which can be isolated is an unsaturated cyano-ester, in which the 
m* 
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double bond may be situated in either the aB- or the By-position 
with respect to the carboxyl group. Acetone, for example, yields 
an a-unsaturated condensation product, whilst cyclohexanone 
gives mainly a cyano-ester, in which the double bond occupies the 
By-position (Komppa, Ber., 1900, 33, 3530; Harding, Haworth, 
and Perkin, T., 1908, 98, 1944). 


Me,00 +CH,(CN)*00,Et —> Me,0:C(ON)-CO,Et 
cH oR “OH? 00 + OF (ON): 00,Et —> 
OH <r "CHI>O'CH(CN)-CO, Et. 


The latter type of reaction appears to be that most frequently 
met with, and it is possible to aseribe the production of a-cyano- 
B-methylerotonic ester from acetone to the instability of the 
By-unsaturated isomeride that is intermediately formed (compare, 
however, p. 335). In such cases, a second molecule of ethyl 
cyanoacetate may enter into reaction, the product being a deriv- 
ative of glutaric acid (loc. cit.): 
Me,0:0(ON)-C0,Et + CH,(CN)-CO,Et —> Me,C<CHION. 0 “4 

With regard to the primary condensation, there can be no doubt 
but that it is the enolic modification of the ketone which actually 
enters into the reaction, because ketones, such as benzophenone, 
of which no enolic modification can exist, fail to react (Haworth, 
T., 1909, 95, 480), whilst others condense with a readiness appar- 
ently proportionate to their capacity for tautomeric change; thus, 
a-hydrindone condenses moderately well, and §8-hydrindone, in 
which the tautomeric system is duplicated in such a way as to 
prolong the enolic phase, enters into condensation with great 
rapidity, even under much milder conditions (Ingold and Thorpe, 
T., 1919, 115, 145): 


O.H,<EG2>CH, = 0,8, <C8s>cH —— > o,8,<Ch>ca 


aannnesiohe 
Et0,C-CH-CN 
(Not very easily formed.) 


cyanoacetate 


OH.< oa Pa -OH 


OH, <a 2>0-CH(CN):CO,Et 
(Very easily formed.) 
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\vain, tautomeric ketonic esters, provided they are not sufficiently 
icidic to cause the dissociation of the sodium compound of ethyl 
anoacetate, readily yield condensation products with this sub- 
tance; but once the tautomeric character of the ketonic ester has 
en destroyed, for example, by alkylation, then condensation can 
no longer be effected. Thus, ethyl acetoacetate yields ethyl 
,cyano-8-methylglutaconate, 


(0,Et-CH:CMe-OH + CHNa(CN)-CO,Et > 
CO, Et:CH:CMe-CNa(CN):CO,Et + H,0, 


hilst ethyl dimethylacetoacetate, CH,°CO-CMe,°CO,Et, shows no 
edency to condense (Rogerson and Thorpe, T., 1905, 87, 1685). 
here are many similar examples on record. 

Although, however, it is almost certain that ketones only con- 
jense with cyanoacetic ester by virtue of their capacity to pass 
into their enolic modifications, the reason why this should be the 
ase is still obscure, and no evidence appears to have been offered 
litherto on the interesting, if intricate, question thus raised. 

The problem is to discover wherein lies the cause of the reactivity 
ithe enolic forms. Broadly speaking, there are two possibilities. 
The equation just given for the example afforded by ethyl aceto- 
acetate suggests that the prime reaction consists in the elimination 
of water through the union of the hydroxyl group of the enolised 
abstance with the reactive hydrogen atom of the cyano-ester. 
This view appears to be the one which, in default of direct 
widence either for or against it, has gained acceptance (loc. cit.). 
tis possible, however, that the reactive feature of the enolic sub- 
vatce is not the hydroxyl group, but the double bond. The 
iirect addition of ethyl sodiocyanoacetate would then be the initial 
naction, the elimination of water being a subsequent occurrence. 
llustrating by the same example, ethyl acetoacetate would first 
converted into a hydroxy-cyano-ester, which would then 
liminate water : 


(0,Et-CH!CMe-OH + CHNa(CN)-CO,Et —> 
CO, Et-CH,*CMe(OH)-CNa(CN):CO,Et —> 
CO,Et-CH:CMe-CNa(CN)-CO,Et + H,0. 


To obtain a correct understanding of such an important type of 
taction is obviously most desirable, and it seemed that a decision 
ight best be reached by eliminating alternately the two possi- 
ilities. Thus, one might first try to condense esters in which 
liere is a double bond, but no hydroxyl group; in this case, a 
taction of the first type is impossible. Secondly, one might 
uploy esters containing a hydroxyl group, but no double bond; 
M* 2 
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in this case the possibility of the occurrence of a reaction of the 
second type would be eliminated. 

It is well known that unsaturated esters (not containing a 
hydroxyl group in a position adjacent to the double bond) react 
with ethyl cyanoacetate to form additive products. The corre. 
sponding investigation of esters of hydroxy-acids (not containing 
a double bond) has not previously been undertaken, and _ has, 
therefore, in view of its theoretical interest, now been commenced 
by a careful examination of a number of typical cases. 

It may be stated at once that the evidence which has been 
obtained is strongly in favour of the second suggestion, namely, 
in all these cases the unsaturated linking is responsible for the 
initial condensation, and the elimination of water is a subsequent 
effect. Although the number of hydroxy-esters investigated is 
only nine, the results obtained point consistently to the same 
conclusion. 

The formule of the hydroxy-esters which have been examined 
are given in the following tables. 


TaBLeE I. 


Monocarbozylic Esters. 


a-Hydroxy-esters. 8-Hydroxy-esters. 
Primary ... ... CH,(OH)°CO,Et CH,(OH)*CH,"CO,Et 
Secondary .-. CHMe(OH)°CO,Et CHMe(OH)*CH,°CO,Et 
Tertiary ... ... CMe,(OH)°CO,Et — 


TaB_eE II. 


Dicarboxylic Esters. 
a- and B- (mixed 
type) Hydroxy- 
a-Hydroxy-esters. 8-Hydroxy-esters. esters. 
Secondary ... ... CH(OH)CO,Et CH,°CO,Et CH(OH)‘CO,E 
CH,°CH,°CO,Et CH(OH)°CH,°CO,Et CH,*CO,Et 
Tertiary ... ... — — CH,'CO,Et 
C(OH)°*CO,Et 
! 
CH,°CO,Et 


Glycollic ester, the simplest of all these hydroxy-esters, was the 
only one which yielded no trace of condensation product with ethy 
sodiocyanoacetate under conditions which gave positive results 
with all the other esters investigated. The reason for this i 
readily perceived if the tables of formule are examined ; glycdlli 
ester is the only ester which cannot pass by loss of water into a 
unsaturated compound. 
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The other three a-hydroxy-esters all gave abnormal condensation 
products, such as could only have been derived by the direct addi- 
tion of ethyl sodiocyanoacetate to the corresponding unsaturated 
wmpound ; for example, lactic ester gave ethyl a-cyanoglutarate, 
irom which glutaric acid was obtained by hydrolysis. The process 
must therefore be formulated thus: 


(H,-CH(OH)‘CO,Et —> CH,:CH-CO,Et —> 
H,-CH,-CO,Et CH,:CH,-CO,H 
— 
H(CN):CO, Et OH,-CO,H 


The product, if formed from the lactic and sodiocyanoacetic esters 
by the direct elimination of water, should give, on hydrolysis, 
methylsuccinic acid, no trace of which, however, was obtained. 
Similarly, a-hydroxyisobutyric ester, when treated in the same 
way, gave a-methylglutaric acid; if the hydroxy-ester had con- 
densed by the direct elimination of water through the union of 
its hydroxyl group with the reactive hydrogen atom of ethyl sodio- 
vyanoacetate, the final product should have been as-dimethy]l- 
succinic acid. No trace of this substance could be detected, and 
the reaction must therefore be regarded as dependent on the pro- 
duction of an unsaturated ester, as in the case of ethyl lactate 
illustrated above. In the same way, ethyl a-hydroxyglutarate gave 
finally methanetriacetic acid, whilst no trace of the isomeric 
n-butane-a88-tricarboxylic acid could be isolated. 

It is well known that esters of B-hydroxy-acids are converted by 
loss of water into unsaturated compounds much more readily than 
esters of a-hydroxy-acids. In agreement with the contention made 
in this paper, therefore, is the fact that the yields obtained in the 
condensations with the a-hydroxy-esters were, on the whole, much 
smaller than those with the B-hydroxy-esters. In the former 
tases, a large quantity of the unchanged hydroxy-ester was usually 
recovered, whilst with the 8-hydroxy-esters the recovered material 
never exceeded 10 per cent. of that used. Further confirmation 
of the matter is obtained by comparing the a-hydroxy-esters 
amongst themselves. Whilst glycollic ester gave no yield, lactic 
and a-hydroxyglutaric esters gave only very poor yields. a-Hydr- 
oxyisobutyric ester, on the other hand, gave a moderately good 
yield. These results are clearly in harmony with the general 
thesis, inasmuch as glycollic ester is incapable of yielding an un- 
saturated ester, lactic and a-hydroxyglutaric esters have never been 
observed to do so, whilst, on the other hand, a-hydroxyisobutyric 
‘ster, as Frankland and Duppa have shown (Annalen, 1865, 32, 
12), somewhat readily eliminates water and yields an unsaturated 
derivative. 
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Next, turning to the 8-hydroxy-esters, of which, if the ester, 
of mixed type are included, five examples have been examined, the 
sole product in three cases is an ester in which the cyanoacetic 
residue directly replaces the hydroxyl group. This at first sight 
appears remarkable. The esters which behave thus are ethyl 
hydracrylate, §-hydroxybutyrate, and malate. However, an 
inspection of their formule and of those of the products obtained 
from them shows that the latter are actually the substances the 
formation of which should be expected by the addition of ethy! 
cyanoacetate to the appropriate, unsaturated derivative. The 
occurrence of these apparently exceptional cases is, therefore, in 
reality a strong argument in favour of the general scheme by 
which ail the reactions are explained. Hydracrylic ester, conse. 
quently, gives, after condensation and hydrolysis, glutaric acid; 
8-hydroxybutyric ester gives B-methylglutaric acid, and malic ester 
tricarballylic acid, the reactions, for example, in the first: 
mentioned case, being formulated thus: 


CH,(OH)-CH,"CO,Et —> CH,:CH-CO,Et —> 
QHyCH,'CO,Et _ | OH,*CH,-CO,H 
H(CN)-CO,Et CH,:C0,H 


The condensation of B-hydroxyglutaric ester supplied very direct 
evidence of the intermediate formation of unsaturated compounis 
in these reactions. This experiment was performed in connexion 
with an entirely different investigation, and the details need not 
be entered into now, but from the viewpoint of the present dis 
cussion the item of interest is that it is possible to isolate from 
the product of the reaction a small amount of the intermediate, 
unsaturated substance, the formation of which is demanded by the 
hypothesis here offered. 

Finally, there is the case of ethyl citrate. This condensation als 
was tried in connexion with another research, and the results, 
therefore, need not be described in detail. It suffices to point out 
that if citric ester condenses by the direct elimination of its 
hydroxyl group with a hydrogen atom of cyanoacetic ester, the 
product on hydrolysis should yield methanetetra-acetic acid. Now 
in the corresponding condensation with the unsaturated ester, 10 
trace of an ester yielding this acid is produced, a mixture of two 
entirely different acids being obtained. It is impossible, therefore, 
to overlook the significance of the fact that the condensation with 
citric ester yields a mixture of the same two acids in similar 
proportions. 

The necessity for the intermediate production of an unsaturated 
substance is not confined to condensations of ethyl cyanoacetatt 
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with ketones and hydroxy-compounds. Even certain halogen 
derivatives, for example, ethyl -chlorotricarballylate, appear to 
react by a similar mechanism, though such cases are very much 
rarer than those involving condensations with ethyl malonate. 
This is probably due to the fact that a small amount of alkali is 
necessary to eliminate the halogen (the reactions proceeding in a 
cycle), and, whilst a solution of ethyl sodiomalonate in 99°8 per 
cent. alcohol is faintly alkaline, an alcoholic solution of ethyl 
sodiocyanoacetate remains neutral, even on dilution with water 
(Thorpe, T., 1900, 77, 923). It remains true, however, that by 
far the greater number of condensations of halogenated esters with 
ethyl sodiocyanoacetate pursue a course similar to the ordinary 
process of alkylation. 

It seems curious that halogen compounds should thus be ranged 
into two classes (albeit of such unequal membership), and that 
these should react so differently with ethyl cyanoacetate. There 
can be no doubt, however, as to the fact, and it is possible that 
the difference is in certain respects similar to that which appears 
to exist between the condensations of aldehydes and of ketones. 
That the condensation of aldehydes with ethyl sodiocyanoacetate 
and similar substances depends on a different mechanism from that 
of ketones is shown by many reactions, amongst which may be 
mentioned the formation of saturated condensation products, of 
two substances, one of which has become oxidised at the expense 
of the other, and of stable alcohols, into the production of which 
several molecules of the aldehyde may enter; also, the extra- 
ordinary reactivity of aromatic aldehydes (which cannot form an 
wsaturated derivative), not only towards substances of a reactive 
nature like ethyl cyanoacetate, but also towards simple esters such 
as ethyl acetate, and towards aromatic compounds which may be 
neither esters nor nitriles, and may even be basic in character 
(Haworth, T., 1909, 95, 480; Guareschi, Atti R. Accad. Sci. 
Torino, 1896—1897, 32, 415; 1898—1899, 34, 565; Henry, 
Compt. rend., 1895, 120, 1265; Rec. trav. chim., 1897, 17, 189; 
Piloty, Ber., 1897, 30, 3161; Boehm, Ber., 1904, 37, 4461; 
Simon, Annalen, 1903, 329, 19; Day and Thorpe, T., 1920, 117, 
1465). Explanations for many of these peculiarities may easily 
be devised on the assumption that aldehydes react in an unstable 
form containing bivalent carbon, R-C(OH):, to which, it is 
necessary to observe, no analogy is possible with ketones. 

Finally, with regard to the conditions determining the position 
of the double bond in the condensation products, it is of interest 
to notice that, in the condensation with cyclohexanone mentioned 
om p. 330, there is formed, together with 93 per cent. of the 
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By-unsaturated cyano-ester, 7 per cent. of the af-unsaturated 
isomeride. This is evidently a result of the dual mode of 
dehydration of the hydroxy-ester, which is assumed to be formed 
initially by the direct addition of ethyl cyanoacetate to the enolic 
modification of the ketone. The closely analogous hydroxy-ester, 
prepared by treating cyclohexanone by Reformatsky’s method with 
ethyl bromoacetate and zinc, has been found by Wallach (A nnalen, 
1907, 353, 292) to yield on dehydration a very similar mixture 
of unsaturated esters containing 95 per cent. of the intra-cyclic 
and 5 per cent. of the semi-cyclic derivative, a fact in excellent 
accord with the mechanism suggested. 


ExPERIMENTAL. 


Condensation of Esters of Hydrozy-acids with Ethyl Sodio- 
cyanoacetate. 


General Method.—To a solution of sodium ethoxide, obtained 
by dissolving 11°5 grams of sodium in 150 grams of ethyl alcohol, 
56°5 grams of ethyl cyanoacetate were added. A solution of the 
hydroxy-ester (0°5 gram-mol. in 50 grams of alcohol) was then 
mixed with the suspension of the sodio-compound, and the whole 


heated on a steam-bath for thirty-six hours. The product was 
poured into water, and, after the addition of excess of hydro- 
chloric acid, extracted with ether. The extract was washed with 
a solution of sodium carbonate and with water, and was then 
dried and distilled, finally under diminished pressure. By this 
means, the unchanged hydroxy-ester was easily separated from the 
neutral condensation product. 

The sodium carbonate extract was acidified with hydrochloric 
acid, and the acidic product extracted with ether. 

The neutral condensation product, after being distilled, was 
hydrolysed by the following method. It was first mixed with an 
equal volume of concentrated sulphuric acid, the temperature 
being kept below 30° during the process. After remaining over- 
night, the viscous liquid was treated with just sufficient water to 
cause a slight precipitation of oil, and the turbid solution was 
heated until carbon dioxide ceased to be evolved and no oil 
separated when a specimen was cooled. The whole solution was 
then cooled, diluted with an equal yolume of water, and boiled 
for five hours to expel ethyl alcohol. After cooling, the solution 
was saturated with ammonium sulphate and exhaustively extracted 
with ether free from alcohol. From the extract, the appropriate 
polybasic acid was obtained in an almost pure state. 

The acidic condensation product was usually divided into two 
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portions, one of which, in quantities of about 4 grams at a time, 
was distilled under diminished pressure, the distillation being 
completed as rapidly as possible after most of the carbon dioxide 
had been evolved. The distillate usually contained acidic 
products, principally the hydroxy-acid corresponding with the 
original ester or the unsaturated acid derived therefrom by dehydr- 
ation, and was therefore dissolved in ether and washed with a 
glution of sodium carbonate. The ethereal solution was dried 
and evaporated, and the residual oil distilled under diminished 
pressure. This distillation always proceeded quietly and without 
any appreciable decomposition. The cyano-ester so obtained was 
hydrolysed by the same method as has been described for the 
hydrolysis of the neutral condensation product. 

The second portion of the acidic condensation product was com- 
pletely hydrolysed. It was mixed with an equal volume of cold, 
concentrated sulphuric acid, and the mixture allowed to remain 
at the ordinary temperature for two hours while carbon dioxide 
was (usually) evolved. The product was diluted with an equal 
volume of water, and, after the evolution of gas caused by this 
operation had abated, boiled for two hours or until it showed signs 
of darkening. After cooling, the solution was diluted to twice 
its volume with water, and boiled for five hours. The mixture of 
acids extracted from this solution with ether was, while still in 
the syrupy state, re-esterified by heating for three hours with 
ethyl alcohol (3 parts) and concentrated sulphuric acid (2 parts), 
and the esters isolated by diluting with water and extracting with 
ether. The acid esters, removed by washing the extract with a 
wlution of sodium carbonate, were re-extracted after acidification 
of the washings, and again esterified by the same method. The 
total neutral esters were distilled under diminished pressure, when 
there were usually obtained (i) a small fraction of low b. p., con- 
isting of the original hydroxy-ester, or the unsaturated ester 
lerived from it by dehydration, or a mixture of both, and (ii) a 
larger fraction of high b. p. 

The latter was mixed with concentrated hydrochloric acid 
'5 vols.) and a small quantity of ethyl alcohdl, the mixture 
trated until homogeneous, an equal volume of hydrochloric acid 
alded, and the whole boiled for two hours to expel ethyl alcohol. 
An equal volume of water was then added, and the boiling con- 
tinued for a further six hours. The solution was concentrated on 
‘water-bath, and the syrupy residue dissolved in ether. The 
tthereal solution was thoroughly dried with calcium chloride, and 
the solvent evaporated, a residue consisting of a pure polybasic 
wid being thereby obtained. 


338 INGOLD : MECHANISM UNDERLYING THE REACTION BETWEEN 


In certain cases, a portion of the acidic condensation product 
was esterified, and the neutral ester obtained in this way purified) 
by distillation under diminished pressure. These esterifications pro: 
ceeded with some difficulty when the crude ester was treated with 
alcohol and sulphuric acid. Recourse was therefore had to the 
“benzene’” method. The acid esters, dissolved in five times the 
weight of absolute ethyl alcohol, were heated with a small quantity 
of zine chloride, and from time to time the water formed was 
removed by distillation in a current of benzene vapour. A con- 
siderable proportion of the solvent was evaporated, and the solu. 
tion was poured into water and extracted with ether. In thes 
circumstances, very little acid material was removed from the 
extract by a solution of sodium carbonate, and the cyano-ester wa: 
obtained in the pure condition by distillation. It was hydrolysed 
in the manner already described in the case of the neutral 
condensation product. 


Attempt to Condense Ethyl Glycollate. 


Ethyl glycollate gave no trace of condensation product, the 


substances isolated being the unchanged ester and glycollic acid. 


Condensation of Ethyl Lactate. 


Ethyl lactate gave a very poor yield of ethyl a-cyanoglutarate. 
It was found most convenient to esterify the acidic condensation 
product, and to add the ester to the neutral product before dis 
tilling. Even then the condensation had to be repeated before 
the less volatile fraction was obtained in a quantity sufficient for 
purification. The recovered material was mainly unaltered ethyl 
lactate. 

The ethyl a-cyanoglutarate prepared by this method boiled 
138—141°/20 mm. (Found: C=55°6; H=7:2. Cale.: C=56%3; 
H=7°0 per cent.), and on hydrolysis gave glutaric acid unaccon- 
panied by any other substance. 

The glutariceacid was crystallised from benzene (Found: C= 
45°5; H=6-1. Cale.: C=45°5; H=6-1 per cent.), and identifiel 
by comparison with an authentic specimen prepared from cyclo 
pentanone. 


Condensation of Ethyl a-Hydroryisobutyrate. 


This condensation yielded about equal quantities of neutral an! 
acid condensation products. 
Ethyl y-cyano-a-methylglutarate was obtained by distilling th 
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neutral product as a colourless liquid, which boiled at 160—162°/ 
24 mm. (Found: C=58'4; H=7'5. C,,H,,0,N requires C=58'1; 
H=7'5 per cent.). 

Ethyl y-cyano-a-methylbutyrate, obtained from the distilled, 
acidic product by washing with a solution of sodium carbonate, 
boiled at 210—212°/755 mm. (Found: C=61'6; H=8-4. 
C,H,,0,N requires C=61-9; H=8'4 per cent.). 

Ethyl a-methylglutarate, obtained by hydrolysis and re-esterifi- 
cation of the acidic condensation product, boiled at 238°/atm. 
(Found, C=59°2; H=8-9. Cale, C=59'4; H=8°9 per cent.). 

a-Methylglutaric Acid—This acid was produced by hydrolysing 
each of the three esters just mentioned. It was identified by 
analysis (Found, C=49°35; H=6°9. Cale., C=49°3; H=6°9 per 
cent.), and by direct comparison with a genuine specimen prepared 
from a-methylgluiaconic acid. 


Condensation of Ethyl Hydracrylate. 


This condensation gave in good yield about equal weights of 
neutral and acidic products. 

Ethyl a-cyanoglutarate, prepared from the neutral oil by distil- 
lation, boiled at 140—145°/21—22 mm. (Found, C=56'15; 
H=7°0. Cale., C=56°3; H=7°0 per cent.). 

Ethyl y-cyanobutyrate was obtained from the distilled, acidic 
condensation product. It boiled at 200—202°/755 mm. (Found, 
C=59°9; H=7-7. Cale., C=59'6; H=7°8 per cent.). 

Ethyl glutarate was prepared from the acidic product by hydro- 
lysis and re-esterification; it boiled at 230°. The ester was not 
analysed, but converted directly into glutaric acid. 

Glutarie acid was obtained by the hydrolysis of all three esters, 
and identified by direct comparison with an authentic specimen 
(Found, C=45°4; H=6°0. Cale., C=45°5; H=6'1 per cent.). 


Condensation of Ethyl B-Hydroxybutyrate. 


This substance also condensed easily, and very little unchanged 
material was recovered. 

Ethyl a-cyano-B-methylglutarate, the main constituent of the 
neutral condensation product, boiled at 180—185°/24 mm. (Found, 
C=57°35; H=7°6. C,,H,,O,N requires C=581; H=7'5 per 
cent.). 

Ethyl y-cyano-B-methylbutyrate was prepared from the distilled, 
acidie condensation product in the manner already described ; it 
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boiled at 205—209°/atm. (Found, C=61:7; H=84. C,H,,0,N 
requires C=61'9; H=8'4 per cent.). 

Ethyl 8-methylglutarate was obtained from the acidic product 
by hydrolysis and re-esterification. It boiled at 235° (Found, 
C=597; H=9°0. Cale., C=59°4; H=8'9 per cent.). 

B-Methylglutaric Acid.—This substance was produced by hydro- 
lysing each of the preceding three esters. It was crystallised from 
concentrated hydrochloric acid (Found, C=49°45; H=7°0. Cale, 
C=49°3; H=6°9 per cent.), and identified by direct comparison 
with a genuine specimen prepared by Day and Thorpe’s method 
(loc. cit.). 


Condensation of Ethyl a-Hydroxyglutarate. 


This ester (this vol., p. 318, footnote) gave only a small yield 
of condensation product. It was necessary to esterify the acid 
esters and to add the product to the neutral condensation product 
in order to obtain the cyano-ester in sufficient quantity to be 
distilled. 

Ethyl w-cyanomethanetriacetate, 

CO,Et-CH(CN)-CH(CH,°CO,Et),, 
prepared by this method, could not be completely purified owing to 
lack of material. There was, however, no doubt as to its identity, 
because on hydrolysis it evolved carbon dioxide and was converted 
into methanetriacetic acid. 

Methanetriacetic acid, when crystallised from dry ether, melted 
at 113—114°, and was identified by direct comparison with an 
authentic specimen (Found, C=44:6; H=5'2. Cale., C=442; 
H=5'3 per cent.). 


Condensation of Ethyl Malate. 


Ethyl malate condensed very readily, only a small quantity of 
unchanged ester remaining. About equal quantities of neutral 
and acidic products were formed. 

Ethyl a-cyanotricarballylate, prepared by distilling the neutral 
condensation product, boiled at 190—192°/14 mm. (Found, 
C=54'75; H=6°7. Cale, C=54°7; H=6°7 per cent.). 

Ethyl a-cyanopropane-By-dicarborylate, produced by distilling 
the acidic condensation product, was purified by washing with 4 
solution of sodium carbonate and by redistillation. It boiled at 
166—169°/27 mm. (Found, C=56°5; H=7'1. C,,H,,0,N requires 
C=56'3; H=7°0 per cent.). 

Ethyl tricarballylate, obtained from the acidic condensation pro- 
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duct by hydrolysis and re-esterification, boiled at 200—205°/ 
90 mm. (Found, C=55°'7; H=7°8. Cale., C=55°4; H=7°7 per 
cent. ). 

Tricarballylic acid was obtained by the hydrolysis of each of the 
preceding three esters. It was crystallised from acetone (Found, 
(=408; H=4°6. Cale., C=40°9; H=4'5 per cent.) and identi- 
fied by comparison with a specimen prepared by the reduction of 
aconitic acid. 
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XLI.—Eaperiments on the Synthesis of the Polyacettc 
Acids of Methane. Part I. The Conditions 
Controlling Synthesis by the Cyanoacetic Ester 
Method, and the Preparation of Methanetriacetic 
Acid. 


By CuristopHeR Keix INGOoLD. 


Tue work described in this paper originated in some experiments 
which were instituted at the request of Prof. J. F. Thorpe with 
the object of devising methods suitable for the preparation in 
quantity of certain polyacetic acids of methane, such as the tri- 
acetic acid (I), the carboxytriacetic acid (II), and the tetra-acetic 
acid (III). These acids are required in connexion with the studies 

CH(CH,°CO,H), CO,H-C(0H,°CO,H), C(CH,°CO,B), 

(L.) (IL.) (III.) 
with spiro- and associated ring compounds which are being carried 
out in this laboratory, and several methods of synthesis are at 
present being attempted. 

It so happens that all three of these acids are peculiarly difficult 
to prepare, because the more usual methods of synthesis cannot 
be applied. 

In the preceding paper (p. 329), the question of the mechanism 
of cyanoacetic ester condensations in general was discussed, and 
it was shown that the great majority of these were to be referred 
to the direct addition of ethyl cyanoacetate to an unsaturated 
compound. They bear, in fact, a close relationship to the synthetic 
method of Michael, which may be illustrated thus: 


R,R,C:CH-CO,Et —> R,R,C<CHsCO, Et 


CH(CN)-00,Et > 


CH,-CO,H 
R,R, C<cH?. ‘C0,H' 
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In view of this, the difficulty of preparing the higher polyacetic 
acids of methane by a cyanoacetic ester synthesis will readily be 
understood, for it will be observed that the unsaturated acids IV, 
V, and VI, having in their compositions one molecule of acetic 
acid less than the polyacetic acids I, II, and ITI, are all substances 


CO,H:CH;CH-CH,°CO,H CO,H:CH:C(CO,H):CH,°CO,H 
(IV.) (V.) 
CO,H*CH:C(CH,°CO,H), 
(VI.) 
of the “mobile” * glutaconic type, that is to say, in their per- 
manent forms they are not unsaturated acids. The detailed 
investigations made during the past few years by Thorpe and his 
collaborators have revealed many of the peculiarities of such sub- 
stances. In their “normal” or most permanent forms, they are 
best represented by symmetrical formule of the semi-aromatic 


CO,H-CH-CH,-CH-CO,H CO,H-CH-CH(CO,H)-CH-CO,H 
(VII.) (VIII.) 
CO,H-CH-CH(CH,*CO,H)-CH-CO,H 
(IX.) 


type, such as VII, VIII, and IX. Such substances are not 
unsaturated, and are exceedingly unreactive. They exist, how- 
ever, in tautomeric equilibrium with their unstable, unsaturated 
isomerides. The possibility of obtaining condensation products 
therefore clearly depends on the relative permanence of the phases 
and the rapidity of the tautomeric interchange. 

The determining conditions are well illustrated by the case of 
B-methylglutaconic acid, which has been dealt with by Thorpe and 
Wood (T., 1913, 103, 1579) and by Thorpe (T., 1919, 115, 679). 
Here tautomeric interchange is exceptionally slow, and esters of 
the unsaturated modification of the acid can be kept in the dark 
for years without appreciable isomerisation. The unsaturated 
ester, therefore, when treated with ethyl sodiocyanoacetate, reacts 
as such, without appreciable conversion into the normal form, and 
gives a good yield of the expected condensation product. 


CH,°CO,Et 
MeC<Ore CO, abt 4. CHNa(CN)-CO,Et —> MoOCONA(CN )+CO,Et 
CH,°CO, Kt 
(Good yield.) 
* The term “mobile” is used to denote those glutaconic acids which 
possess the necessary ‘‘ mobile” hydrogen atom. It will be remembered that 


glutaconic acids of the type CO,H°CR,°CH:CH'CO,H behave normally and 
readily undergo the condensation reactions of a8-unsaturated compounds. 
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Similarly, the normal ester, which, in the presence of a reagent 
for unsaturated compounds, such as ethyl sodiocyanoacetate, might 
be expected to undergo slow conversion into the unsaturated form 
as the equilibrium became disturbed, actually remains quite 
unaffected so far as any observable tautomeric change is concerned. 
It appears, however, to have a slight affinity of its own for ethyl 
sdiocyanoacetate, and, after a long period of heating, there is 
obtained a small yield of a 1:3-addition product isomeric with 
that derived from the unsaturated ester: 


CH-CO,Et 
MOH< 0 4-CO,Et + CHNa(CN)CO,Et —> 
CH,:CO,Et 
MeCH<CH(CO, Et)-CNa(CN)-CO,Et 


(Poor yield.) 


In the case of glutaconic ester itself, the tautomeric exchange 
is sufficiently rapid to render impossible the separate isolation of 
the two forms. The one ester which can be isolated is essentially 
of the normal type, although, of course, it must contain the minute 
trace of the unsaturated isomeride necessary for the establishment 
of equilibrium. ‘The reaction tending to restore equilibrium when 
it is disturbed by the removal of the unsaturated ester appears to 
proceed with a fairly high velocity, and, in spite of the very low 
concentration of this substance, it is possible to isolate a con- 
densation product evidently derived directly from it. Naturally, 
however, the yield is very small, and amounts only to a few units 
per cent., even under the most favourable conditions (loc. cit.) : 


CH-CO,Et _, CH,*CO, Et / CH, 00, Et 
"H<oH-Co;Et <- “8<ogtco, i, > CHO a Ne a 
; ~~ 


(X.)—(Poor yield.) 


When this condensation product (X) is hydrolysed, the triacetic 
aid (I) is obtained, but as a means of preparing this acid for 
luther research the method is clearly impracticable. 

Ethyl aconitate, from which one might expect to obtain the 
aid (IT) by condensation with ethyl cyanoacetate and hydrolysis 
if the product, is also apparently an equilibrium mixture of the 
tormal and labile (unsaturated) isomerides, but with this important 
liference: that, owing to the presence of the carbethoxyl group 
ittached to the central carbon atom, both isomerides yield the 
ume end-product with the sodium compound of the cyano-ester. 
The reaction between ethyl aconitate and ethyl sodiocyanoacetate 
us not previously been investigated, but Auwers and his 
wllaborators (Ber., 1888, 21, 242; 1891, 24, 313; 1893, 26, 366; 
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1894, 27, 1121; 1895, 28, 882) experienced no difficulty in obtain-fi 
ing condensation products with ethyl sodiomalonate. On hydro. 
lysis, they obtained three acids, two of which were modification 
of mn-butane-aByé-tetracarboxylic acid (XI), and the third 
cyclopentanone-3 :4-dicarboxylic acid (XII). The condensation 
CH,(CO,H)-CH(CO,H)-CH(CO,H)*CH,°CO,H a, oo ry 
(XL) (XIT.) 


evidently must have taken the following course, the malonic ester 
residue having become attached to the a-carbon atom of the aconitic 
molecule : 
“Gm CO,Et |4 
- CO,Et CH,-CO,Et 
*CH:CO,Et CH-CO,Et y iti Et): —s mae 
“> J 
| \ 
O: C0, Et CH(CO,Et), 
OH: CO,Et 
Many experiments were made with the object of causing the 
addition to take place in the reverse direction. In the first place, 
it was found that the replacement of ethyl malonate by ethyl 
cyanoacetate, besides effecting an improvement in the yield, greatly 
simplified the manipulation, as the separation by fractional 
crystallisation of three very soluble acids, which made Auwers 
experiments so laborious, was entirely avoided. There were two 
condensation products, a normal cyano-ester (XIII) and an acid 


ester, apparently having the formula XIV. These were easily 
separated by taking advantage of the solubility of the latter m 


CH,(CO,Et)*CH(CO,Et)-CH(CO,Et)*CH(CN)-CO,Et 
(XIII.) 
B (00, Et)-CH(CO,Bt)., ory 


H(CO,Et)-CH(CO,H) 
(XIV.) 


sodium carbonate solution. The ester (XIII), on hydrolysis, gave 
one form only of the acid (XI), whilst the acid ester (XIV) yielded 
solely the ketonic acid (XII). 

It will be observed that whilst one might expect the normal 
variety of ethyl aconitate to yield, through the occurrence o 
1:3-addition, nothing but the ester (XIII) and its internal cor 
densation product (XIV), it is by no means obvious why the w- 
saturated isomeride should not, to some extent at least, conden 


POLYACETIC ACIDS OF METHANE. PART I. 345 


infin such a way as to yield a product in which the cyanoacetic 


residue has become attached to the central carbon atom of the 
accnitic acid skeleton (XVI, p. 346). Such a condensation pro- 
duct should yield the carboxy-triacetic acid (II) on hydrolysis, and 
repeated efforts were therefore made to prepare the labile or un- 
aturated form of aconitic ester. With this object, the elimin- 
ation of acetic acid from ethyl acetylcitrate (Anschiitz and 
Klingemann, Ber., 1885, 18, 1983), and the esterification under 
the mildest possible conditions of labile aconitic acid (Bland and 
Thorpe, T., 1912, 101, 1490), were investigated. However, the 
ester obtained in every case appeared very similar to that prepared 
by esterifying ordinary aconitic acid. On condensing with ethyl 
sodiocyanoacetate, a mixture of the same two products, XIT and 
XIII, was invariably obtained. 

The condensation of ethyl cyanoacetate with the ester of the 
acid (VI) has not yet been investigated, as the unsaturated acid 
itself is still unknown. The preparation of this substance is, how- 
ever, part of the general scheme of work which is at present being 
undertaken in these laboratories. 

The peculiar conditions which regulate the condensations of 
ethyl cyanoacetate with these unsaturated substances are still, 
apparently, the controlling factors when halogen compounds are 
wed. Thus, when chloroform is condensed with ethyl sodio- 
malonate or ethyl sodiocyanoacetate, the stable product is in each 
case a derivative of glutaconic acid, which refuses to take up 
another molecule of the additive reagent (Conrad and Guthzeit, 
Ber., 1882, 15, 284; Ruhemann and Browning, T., 1898, 73, 282). 
it is true that Coutelle, from the condensation product with 
malonic ester, obtained the triacetic acid (I), but the amount was 
very small, and he did not succeed in purifying it (J. pr. Chem., 
1906, [ii], 78, 49). 

The corresponding condensation, in which chloroform is replaced 
by carbon tetrachloride, has been studied by several investigators 
(Chabrié, Bull. Soc. chim., 1892, [iii], 7, 19; Zelinsky, Ber., 1895, 
%8, 2964; Bishoff and Walden, Ber., 1894, 27, 1493), but no one 
appears to have succeeded in isolating even a trace of the tetra- 
acetic acid (IIT). 

The condensation of ethyl sodiocyanoacetate with ethyl -chloro- 
iricarballylate might be expected to yield a product (see next page) 
vhich on hydrolysis should give the carboxytriacetic acid (II). 
Here again, however, the tendency to form a substance of the glut- 
aconic type is so great that no trace of the expected condensation 
product is obtained, the whole of the chloro-ester being apparently 
irst converted into ethyl aconitate, which then yields a mixture of 
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the two esters, XIII and XIV, in the way already described. Rx 
amples of this type of reaction between ethyl cyanoacetate and 


halogen compounds are certainly very rare. 

CH,°CO, Et 

OCl-CO,Et +CHNa(CN)-CO,Et —> 

GH,-CO,Et 
C5, OO, sw di 
(CO, Bt)-CNa(ON)-CO, Be —_> O(CO,H)*CH,°C0,8 
CH,°CO,Et CH,°CO,H 


The more obvious synthetical methods having, for reasons already 
noticed, failed to produce the desired substances, it became 
necessary to devise others. In the preceding paper (this vol., p. 
329), it has been shown that ethyl sodiocyanoacetate enters into 
condensation with the esters of hydroxy-acids, and that in some 
cases the reaction proceeds with great readiness. It was hoped, 
therefore, that ethyl B-hydroxyglutarate would yield a condensation 
product (XV) which, on hydrolysis, should give the triacetic acid 
(I), whilst ethyl citrate should in a similar way give rise ultimately 


to the carboxytriacetic acid (II). The method appeared particu- 
larly attractive, on account of the availability of the starting 
materials : 


CH,-CO,Et CH,*CO,Et CH,CO,H 
CH-OH —> CH-CH(ON)-CO,Et —> OH-CH,-CO,H (I) 
CH,-CO,Et CH,-CO,Et CH,-CO,H 
(XV.) 
CH,*CO,Et CH,:00, Et 
G(OH)-CO,Et —» (CO,Et)-CH(CN)-CO,Et —> 
OH,-CO,Et UH,CO,Et 
XVI.) 
CH,-C0,H 
((CO,H)-CH,*CO,H (IL) 
CH,-CO,H 


Experiment fully justified the first of these suppositions, but 
not the second. Ethyl §-hydroxyglutarate, on condensation ani 
hydrolysis, gave a yield of methanetriacetic acid (I) amounting 0 
60 per cent. of the theoretical, calculated on the hydroxy-este! 
employed. Ethyl citrate, on the other hand, gave a mixture of 
condensation products, which, on hydrolysis, yielded the two acid: 
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(xI and XII) that had previously been obtained from ethyl 
yonitate. No trace of the polyacetic acid (II) could be isolated. 

Broadly speaking, these results are in agreement with the view 
pressed in the former paper (Joc. cit.), that all such condensa- 
tions proceed by way of an unsaturated, intermediate product. 
The remarkably high yield of the condensation product obtained 
from 8-hydroxyglutaric ester requires special notice, however, as, 
in view of the course followed by the other condensations with 
hydroxy-esters (Joc. cit.), there appears in this case to be operating 
sme condition which requires elucidation. This matter will be 
dealt with in another paper. 

There is therefore no longer any difficulty in preparing methane- 
triacetic acid (I) in large quantities. Acetonedicarboxylic acid is 
first prepared by treating citric acid with fuming sulphuric acid, as 
described by von Pechmann (Annalen, 1891, 261, 155), and then 
reduced with sodium amalgam to 8-hydroxyglutaric acid (Blaise, 
Bull. Soc. chim., 1903, [iii], 29, 1012). This is then esterified, and 
treated as described in the experimental part of this paper. 

The two remaining polyacetic acids, as well as the unsaturated 
derivative (VI, p. 342), have so far evaded all attempts at their 
preparation, but several series of experiments are still in progress, 
with every hope of ultimate success. 


EXPERIMENTAL. 
(a) Condensation of Ethyl Aconitate with Ethyl Cyanoacetate. 


Ethyl aconitate (258 grams) was added to a suspension in 300 
grams of ethyl alcohol, of ethyl sodiocyanoacetate prepared from 
23 grams of sodium, and 113 grams of the cyano-ester. There 
was an immediate rise of temperature, and the sodium compound 
dissolved, forming a deep yellow solution. This was heated on the 
steam-bath for seven hours, and the product was then poured into 
25 litres of water and extracted with ether (neutral extract). 
The aqueous liquid was acidified with hydrochloric acid, and again 
extracted with ether, the extract being subsequently washed with 
a dilute solution of sodium carbonate (quasi-acid extract). The 
alkaline washings were acidified and again extracted (acid extract). 
The first two extracts were well washed with water to remove any 
dissolved alcohol. The residue obtained after drying and evapor- 
ating the first extract weighed 70 grams, that from the second 
extract 120 grams, and from the third 140 grams. 

The residue from the quasi-acid extract was an individual sub- 
stance, b. p. 230°/11 mm. About 40 grams of unchanged ethyl 
aconitate were obtained by distillation of the neutral fraction; 
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the remainder partly decomposed, but 18 grams of distillate wer, 


collected, nearly the whole of which was found to be identical with 
the substance forming the quasi-acid fraction. 


Ethyl a-Cyano-n-butane-aByi-tetracarboxylate (XIII, p. 344), 


The distillate, b. p. 230°/11 mm., consists of this cyano-ester 
in the pure condition. It is a colourless, viscous oil (Found: 
C=54'8; H=6°8. C,,H,,O,N requires C=55°0; H=6-7 per cent,), 


n-Butane-aBysé-tetracarborylic Acid (XI, p. 344). 


A mixture of the cyano-tetracarboxylic ester and an equal 
volume of cold concentrated sulphuric acid was diluted after twelve 
hours with sufficient water to cause a slight precipitation of oil, 
and then heated for four hours on the sand-bath. During the first 
two hours’ heating, carbon dioxide was evolved copiously, and 
there was one stage at which care had to be taken to avoid los 
by frothing. The solution was cooled, saturated with ammonium 
sulphate, and extracted with ether. The mixture of acids obtained 
from the extract appeared to contain traces of acid esters, and was 
therefore dissolved in ten times its weight of concentrated hydro- 
chloric acid and boiled for six hours to expel ethyl alcohol. The 
residual solution was decolorised with charcoal, evaporated on a 
water-bath, and the residue dissolved in ether. The extract was 
dried with calcium chloride, filtered, and evaporated. mn-Butane- 
aB-y5-tetracarboxylic acid was thus obtained as a white residue, 
which was crystallised from water (Found: C=41'15; H=43. 
Cale.: C=41:0; C=4:3 per cent.). It melted at 189°, steam 
being evolved and the anhydro-acid formed. 

The anhydro-acid, m. p. 232°, was readily obtained by heating 
the preceding acid at 200° for a few minutes (Found: C=442; 
H=3°8. Cale.: C=44'4; H=3°7 per cent.). 


H.—CH-— 
Ethyl n-Butane-oBy8-tetr po Sos 
iyl n-Butane-oBy8-tetracarboxrylate, Et CO,Et CO,Et CO,Bt 


In view of the decomposition which ensued when the residue 
from the neutral extract was distilled, the same material, obtained 
in another experiment, was distilled under reduced pressure until 
the whole of the ethyl aconitate had passed over, and the residue 
was then hydrolysed completely by successive treatment with 
sulphuric acid and hydrochloric acid, as already described for the 
hydrolysis of the a-cyanotetracarboxylic ester. The acid 9 
obtained melted indefinitely at 165—180°, and was therefore 
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© weteBiecterified with alcohol and sulphuric acid. The esters were isolated 
al with by extraction with ether in the usual way, and the acid esters 
removed by washing the extract with a solution of sodium carbon- 
ate. These were re-extracted from the washings after acidifying, 
and again esterified by the same method. This process was repeated 
a third time, when only a negligible amount of acid material 
o-ester remained. ‘The combined neutral esters, when distilled under 
ound: Bdiminished pressure, were easily separated into two fractions differ- 
cent.). Bing widely in boiling point. The less volatile fraction, after 

redistillation, boiled at 201°/13 mm., and was found to consist 

of ethyl n-butane-aByd-tetracarborylate (Found: C=55:°6; H=7°6. 
CigHogO, requires C=55°5; H=7°5 per cent.). 

The constitution of this ester was proved by hydrolysis. It was 
mixed with 1:5 times its volume of concentrated hydrochloric acid 
and a little ethyl alcohol. The mixture was shaken until emulsi- 
fication was fairly permanent, heated until a clear solution was 
obtained, and then boiled for six hours in such a way that alcohol 
vapour could escape freely, fresh hydrochloric acid being added 
from time to time to prevent the solution becoming too concen- 
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rH trated. Finally, the solution was evaporated on a water-bath, 
ydro- when n-butane-aSy5-tetracarboxylic acid crystallised. 
The 
on a ia ae CO,Et-CH:-CH, 
s aah Ethyl cycloPentanone-3 : 4-dicarborylate, CO, Et-CH- cH, 0 
a The more volatile fraction from which the above tetracarboxylic 
7 43 ester was separated by distillation yielded, when redistilled, a 
team 4ourless, mobile liquid, which boiled at 160—162°/15 mm. This 
proved to be ethyl cyclopentanonedicarboxylate (Found: C=58'1; 
ating H=6'9. C,,H,,O; requires C=57:°9; H=7-0 per cent.). 
44°); 
cycloPentanone-3 :4-dicarboxylic Acid. 
a This acid may be obtained by hydrolysing its ester with hydro- 
os thloric acid. The hydrolysis was conducted in the same manner 
OyBt Bas that of ethyl n-butane-aByé-tetracarboxylate. In this case, 


idue however, some darkening of colour occurred, and the concentrated 
ined § lution was therefore extracted with ether. The residue from the 
until ether was only slightly coloured, and, after crystallisation from a 
idue Juixture of acetone and benzene, melted at 189° without decom- 
with § position. 

the § The same acid was the sole product when the residue from the 
so Btiginal acid extract was completely hydrolysed. It was mixed 
fore B With an equal volume of concentrated sulphuric acid, and, after 


350 INGOLD: EXPERIMENTS ON THE SYNTHESIS OF THE 


some hours, with twice this volume of water. The solution wa 
heated to complete the elimination of carbon dioxide, then diluted, 
and boiled under a short air condenser for five hours. After 


saturating the solution with ammonium sulphate, the organicffeimi 


acids were extracted by means of ether. The residue (m. p. 
181—-186°) remaining after evaporation of the ether yielded cyelo 
pentanone-3 : 4-dicarboxylic acid (m. p. 189°) after two or three 
recrystallisations from water. Owing, however, to the very soluble 
character of the acid, it was found best to esterify the crude acid 
with ethyl alcohol and sulphuric acid, and to hydrolyse the ester, 
after distillation, by means of hydrochloric acid, as already 
described (Found: C=486; H=4°6. Cale.: C=488; H=47 
per cent.). 

cycloPentanone-3 : 4-dicarboxylic acid has already been prepared 
by Auwers (loc. cit.), but does not appear to have been character. 
ised by any crystalline derivatives. 

The semicarbazone separated readily when an aqueous solution 
of the acid was mixed with one of semicarbazide acetate. It was 
obtained by crystallisation from glacial acetic acid in long needles 
melting and decomposing at 225° (Found: C=42:1; H=44% 
C,H,,0;N, requires C=41°9; H=4'8 per cent.). 

The dianilide was prepared in the usual manner. It crystallised 
from alcohol in needles, which melted, with decomposition, at 
195° (Found: C=70°4; H=5°35. CygH,O,N, requires C=70'8; 
Ii=5°6 per cent.). 


(b) The Preparation of Ethyl Aconitate. 


(i) From Normal Aconitic Acid.—The condensations just 
described were carried out with ethyl aconitate, which had been 
prepared by esterifying normal aconitic acid (m. p. 191°) by means 
of ethyl alcohol and sulphuric acid. 


ever, a 
he fort 


(ii) Krom Ethyl Acetylcitrate——A similar series of experiments 


were made with a specimen of ethyl aconitate, which had bee 
prepared by the elimination of acetic acid from ethyl acetylcitrate 
(Anschiitz and Klingemann, Joc. cit.). The results, however, wer 
the same as those just described. 

(iii) From “ Labile” Aconitic Acid—A third series of expeti 
ments were carried out, using a specimen of ester which had beet 
made from Bland and Thorpe’s “labile” aconitic acid (Joc. cit.) 
by esterification with ethyl alcohol in the presence of a smull 
quantity of zinc chloride. This ester (Found: C=55°55; H=71. 
Cale.: C=55'8; H=7-0 per cent.) appeared very similar to the 
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thers, and gave the same series of condensation products when 
eated with ethyl sodiocyanoacetate. 

(iv) From the “ Labile” Silver Salt.—Finally, in order to 
jiminate as far as possible all opportunity for isomerisation to 


_ pithe normal form, “labile” aconitic acid (m. p. 173°) was first 


onverted into its silver salt (Found: Ag=65°3. C,H,O,Ag, 
equires Ag=65°5 per cent.), and thence into its ethyl ester by 
he action of ethyl iodide. The ester (Found: C=55°8; H=6°95. 
alc.: C=55°8; H=7-0 per cent.) prepared by this method, how- 
ever, appeared to react with ethyl sodiocyanoacetate just as in 
he former cases, 


(c) Condensation of Ethyl B-Chlorotricarballylate with Ethyl 
Sodiocyanoacetate. 


Bertram was unable to isolate any of the products of this con- 
lensation (Ber., 1903, 86, 3297). 

The chloro-ester (290 grams) was mixed with a suspension in 
00 grams of ethyl alcohol of ethyl sodiocyanoacetate, prepared 


‘§, from 113 grams of the ester and 23 grams of sodium. The mix- 


ure, after being heated for thirty-six hours on the steam-bath, 
vas poured into dilute hydrochloric acid, and the esters extracted 
vith ether. On washing the extract with a solution of sodium 
aarbonate, a large part of the material passed into the aqueous 
layer, from which it was recovered by re-extraction after 
acidification. 

The residue from the neutral extract weighed 110 grams. The 
greater part distilled at about 170°/12 mm., and consisted essenti- 
ally of ethyl aconitate. Besides this, however, 13 grams of an 
ster boiling at 230—232°/12 mm. were obtained. This proved 
0 be ethyl a-cyano-n-butane-aByd-tetracarboxylate (Found: 
=553; H=69. Cale.; C=55-0; H=6°7 per cent.). On hydro- 
ysis, it gave n-butane-aByd-tetracarboxylic acid, but no trace of 
aly isomeride. 

The residue from the acid extract weighed about 200 grams, and 
"8 hydrolysed in exactly the same way as the residue from the 
id extract of the condensation product with ethyl aconitate 
» 349), The crude product of hydrolysis was purified by dis- 
illing its ethyl ester (see p, 349). The distilled ester, when 
gain hydrolysed by hydrochloric acid, gave pure cyclopentanone- 
:4-dicarboxylic acid (Found: C=48'4; H=4-4. Calc.: C=48'8; 
i=4°7 per cent.). 
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(d) Condensation of Ethyl B-Hydroxyglutarate with Ethyl 
Sodiocyanoacetate. 


This condensation was effected by the general method given in 
the experimental part of the preceding paper (this vol., p. 329) 
the acid condensation product being esterified with ethyl alcohol, 
and the ester added to the neutral product before purifying by 
distillation. 


Ethyl w-Cyanomethanetriacetate (XV, p. 346). 


The cyano-ester distilled almost entirely at 203—204°/13 mn. 
as a colourless liquid (Found: C=56:1; H=7:1. C,,H,,0,.N 
requires C=56'2; H=7'0 per cent.). The yield was 65 per cent. 
of the theoretical. 


Methanetriacetic Acid (I, p. 341). 


The cyano-ester was hydrolysed by means of dilute sulphuric 
acid, the method being that given in the former paper (loc. cit.) 
for the hydrolysis of neutral condensation products. The ethereal 
extract of the acid left, on evaporation, a straw-coloured syrup, 
which, by contact with a rod, suddenly solidified with a consider- 
able evolution of heat. The yield of crude product, which melted 
at 111—114°, amounted to 93 per cent. of the theoretical. After 
crystallisation from ether, the acid melted at 115° (Found: 
C=44:2; H=5°3. Cale.: C=44:°2; H=5'3 per cent.). 

When this acid was first prepared, there was some doubt as to 
whether it might not be n-butane-afd-tricarboxylic acid, which 
might conceivably have been formed under the experimental cov- 
ditions employed, and is isomeric with the substance actually 
obtained. n-Butane-a86-tricarboxylic acid has been described a 
melting at 116—118°, and, although it has been prepared by 
several investigators (Auwers, Kébner, and Mayenburg, Ber, 
1891, 24, 2895; Guthzeit and Engelmann, /. pr. Chem., 190), 
[ii], 66, 104; Silberrad, T., 1904, 85, 612; Kay and Perkin, 1, 
1906, 89, 1644; Howarth and Perkin, T., 1908, 93, 575; Leucks 
and Mébis, Ber., 1909, 42, 1232), does not appear to have beet 
characterised by any crystalline derivative. On the other hané, 
methanetriacetic acid has not previously been obtained in sufiiciet 
quantity to enable a derivative to be prepared. In order to settlé 
the point, »-butane-afd-tricarboxylic acid was prepared from ethy! 
sodioethanetricarboxylate and ethyl B-iodopropionate (Kay at 
Perkin, Joc. cit.), and directly compared with the acid obtained 
from ethyl S-hydroxyglutarate. They were found to differ 2 
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crystalline form, in their solubility in ether, the former being the 
less soluble, and in their tendency to crystallise from mixtures of 
solvents. Further, a mixture of the two acids melted at 80—90°. 


The anhydro-acid, CO,H-CHy-CH<oyy..9>0, was prepared 


by digesting the acid (m. p. 115°) with acetyl chloride. On 
evaporating the acetic acid and excess of acetyl chloride, the 
anhydro-acid was obtained as a viscous, colourless gum (Found : 
C=48'5; H=4°8. C,H,O; requires C=48°8; H=4'6 per cent.). 
The dianilic acid, CO,H*CH,-CH(CH,*CO-NH°C,H;)., was pro- 
duced by digesting the acid with thionyl chloride (2°5 mols.), and, 
after removing the volatile products by warming at 80° under 
reduced pressure, adding an excess of aniline. The horn-like pro- F 
duct was triturated with dilute hydrochloric acid and boiled with j 
water until sufficiently granular to filter, and then washed with 
a dilute solution of sodium carbonate to separate the anilic acid : 
from the amorphous, neutral products. The dianilic acid, precipi- . 
tated in crystalline form by acidifying the washings, was recrystal- 
lised from glacial acetic acid, and obtained in prismatic needles 
melting at 192° (Found: C=66°9; H=6'1. CygH,,O,N. requires 
C=67'1; H=5'9 per cent.). 


(e) Condensation of Ethyl Citrate with Ethyl Sodiocyanoacetate. 


This condensation was effected by the method already indicated 
(this vol., p. 336). On extracting the product, most of it dis- 
solved in the acid extract. 

The neutral extract, which contained a bright green impurity, 
gave, on distillation, besides unchanged ethyl citrate, a small 
quantity of ethyl a-cyano-n-butanetetracarboxylate (Found: 
C=55'3; H=6°6. Cale.: C=55-°0; H=6'7 per cent.). The con- 
stitution of this ester was proved by hydrolysis with dilute 
sulphuric acid, when the sole product was n-butane-aByd-tetra- 
carboxylic acid. 

The acid extract was evaporated, and the residue hydrolysed in 
the same manner as the acid product derived from ethyl aconitate 
(p. 349). The crude product of hydrolysis readily solidified when 
the ethereal extract was evaporated, but, as it did not melt quite 
sharply, it was esterified by means of ethyl alcohol and sulphuric 
acid. Practically all the ester so obtained boiled at 155—158°/ 
13 mm., and, when thus purified, yielded pure cyclopentanone-3 : 4- 
dicarboxylic acid on hydrolysis with hydrochloric acid. The acid 
was recrystallised from water (Found: C=486; H=4°8. Cale.: 
C=48'8; H=4°7 per cent.). 
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A substance of high boiling point was also obtained, but in 
quantity too small for redistillation. It appeared to consist of 
ethyl n-butane-aSyé-tetracarboxylate, as, on hydrolysis with hydro- 
chloric acid, it gave n-butane-aByd-tetracarboxylic acid. 


ImpzRmat CoLLEGs or SCIENCE AND TECHNOLOGY, 
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XLII.—The Halogen Derivatives of Nitroform. 


By ALEXANDER KILLEN Macsetn and Davip Dore Pratt. 


Bascuieri (Atti R. Accad. Lincei, 1901, [v], 9, i, 392) pointed out 
that acetylene, when acted upon by nitric acid, yielded nitroform 
and other products. Orton and McKie (T., 1920, 117, 283) found 
that the reaction could best be carried out by passing dry acetylene 
into anhydrous or 95 per cent. nitric acid, containing mercuric 
nitrate as a catalyst. Under these conditions the maximum yield 
of nitroform was obtained, and the formation of secondary pro- 
ducts was almost eliminated. 

It seemed probable that the halogen derivatives of nitroform 
might be conveniently prepared by the addition of halogens, or 
halogen acids, to the nitroform-nitric acid solution obtained by 
the action of acetylene, and the results of such experiments are 
now described. 

Chlorotrinitromethane.—On passing a stream of dry acetylene 
through fuming nitric acid (D 1-545) containing 0°5—1°0 per cent. 
of mercuric nitrate as a catalyst, it was found that absorption 
was almost complete when the acetylene was passed at the rate of 
300—400 c.c. per hour, and the acid was maintained at about 30°. 
After the reaction had proceeded for over eight hours, oxidation 
became marked, and little was gained by the further passage of 
acetylene. In some cases when acetylene had been passed slowly 
into the acid, and the process continued the next day—the mixture 
having stood overnight—good yields of nitroform were obtained, 
judged by the amounts of the chloro-derivative which were subse- 
quently isolated. 

Chlorotrinitromethane separates as a heavy oil on the addition 
of concentrated hydrochloric acid to the nitroform-nitric acid solu- 
tion obtained by the treatment just described. Under such condi- 
tions it is rather impure, containing dissolved nitrous fumes. A 
better product is secured by diluting the nitric acid mixture before 
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je addition of hydrochloric acid, but if the dilution is too great 
itis necessary to heat the mixture under a reflux condenser before 
je separation of the oil takes place. The heavy oil so obtained is 
jrwn off, washed several times with water, and finally dried over 
uleium chloride. The average yield from 100 c.c. of nitric acid is 
25 grams. 

The oil distils under ordinary pressures at 133—135°, but a 
mall fraction passes over at 122°. Some decomposition takes place, 
ad in one experiment this was somewhat violent, quantities of 
titrous fumes being evolved. Fractional distillation under reduced 
pressure is therefore advisable, and the introduction of some silver 
wrbonate leads to the separation of a purer product. The oil 
wnsists almost entirely of chlorotrinitromethane, as it distils in a 
uain fraction of steady boiling point * (Found: Cl=19°03, 19°19. 
(0,N,Cl requires Cl=19°14 per cent.). 

Pure chlorotrinitromethane is a clear, mobile oil, with a faint 
vllow tinge. It boils sharply at 35°/9 mm., 51°5—52°/30 mm. 
0n freezing it is converted into a white, crystalline solid melting at 
!44°. The refractive index, n,, is 1°4560, and the density at 
1° 16616. The oil is soluble in alcohol, ether, and most organic 
Blvents, but is insoluble in water. It has a penetrating, un- 
leasant odour, somewhat resembling that of chloropicrin, and it 
afects the eyes. It distils in steam with little decomposition, but 
slowly broken down by aqueous and alcoholic solutions of alkali, 
potassium hydroxide, for example, producing a potassium salt of 
uitroform according to the equation: 


3(NO,),CCl + 6KOH = 3(NO,),CK + 2KCl + KC10, + 3H,0. 


Silver nitrite seems to be without action on chlorotrinitro- 
methane, as no traces of tetranitromethane could be detected even 
ifter refluxing for several hours. 

Chlorotrinitromethane is also formed by the passage of chlorine 
into the nitroform-nitric acid solution obtained from acetylene. 
It may also be prepared by the action of chlorine on aqueous solu- 
tions of the potassium salt of nitroform. In one experiment 25 
grams of this salt gave more than 20 grams of the crude oil. It 
annot be produced directly from tetranitromethane, as aqua regia 
8 without action on the latter, even when the mixture is heated 
for several hours on the water-bath under a reflux condenser. 

Bromotrinitromethane, sometimes inaccurately referred to as 


*The chlorine content may be estimated by either the Cariusor the 
‘epanow method (Ber., 1906, 39, 4056). In the latter case it was found 
tdvisable to distil in steam after treatment with sodium and acidifying with 
utrie acid, in order to remove alcohol and traces of nitroform. 
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bromopicrin, may easily be obtained by any of the methods ep. 
ployed in the preparation of the chloro-compound. Thus it sepa. 
rates as a dark brown oil when hydrobromic acid or bromine js 
added to nitroform-nitric acid solutions. When the halogen itself 
is employed the product is much more impure than when hydro. 
bromic acid is used, containing bromine in considerable amounts. 
Dilution of the nitric acid is desirable before the addition of the 
hydrobromic acid, as a purer product is then obtained. After 
washing the crude oil with water and drying with fused sodium 
sulphate, bromotrinitromethane is obtained as a pale yellow, heavy 
liquid. It distils under ordinary pressure, but much decomposition 
takes place, and the distillate is so deeply coloured as closely to 
resemble bromine. 

Bromotrinitromethane boils at 59°/8 mm., 63°/14 mm., 68°/ 
20 mm., and 78°/33 mm. It isa clear liquid, with a faint greenish- 
yellow tinge. On cooling, it solidifies to a white, crystalline solid 
melting at 9°5—10°. The refractive index, m,, is 1°4900, and the 
density at 19° 2°07. The smell resembles that of the chloro-com- 
pound, but is sharper and less penetrating. 

Bromotrinitromethane has previously been described by Schisch- 
kow (Annalen, 1861, 119, 247), who prepared it by the action of 
bromine on nitroform in sunlight. The substance so produced 
melts under 12°, and has a density of 2°8. No fractional distilla- 
tion under reduced pressure is recorded. From our observations it 
would appear that the density previously recorded is too high, as 
our value is the result of several observations with material from 
different preparations, and we were able to work with quantities 
of 15—20 grams. 

As the values obtained for the bromine content of our bromotzi- 
nitromethane were consistently too high (Found: Br=38'. 
CO,N,;Br requires Br=34°8 per cent.), it seemed that it contained 
traces of some more highly brominated compound. 

Rigorous fractional distillation over silver carbonate at reduced 
pressure and repeated freezing out failed to reduce appreciably the 
percentage of bromine. This may perhaps best be accounted for 
by the presence of small amounts of dibromodinitromethane, or 
other more highly brominated derivative, which does not differ 
sufficiently in boiling point to be removable by distillation. In 
support of this view it may be mentioned that the molecular-weight 
determination (by the freezing-point method in benzene) gave 
results somewhat too high (average value, 235; theoretical, 230). 
That the almost entire part of the product consists of bromotri- 
nitromethane is shown by its action with an aqueous or alcoholic 
solution of potassium hydroxide, which readily converts it into the 
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] potassium salt of nitroform (Found: K=20°4, 20°47. CO ,N;K 
. Brequires K=20°64 per cent.) according to the equation: 


3(NO,),CBr + 6KOH =3(NO,),CK + 2KBr + KBrO, + 3H,0. 


Bromotrinitromethane distils in steam with little decomposition. 
I: is not converted into tetranitromethane by the action of silver 
titrite, even after refluxing for several hours. Attempts to act 
upon it with magnesium turnings in the hope of preparing a Grig- 
mard reagent or hexanitroethane failed, the magnesium being 
wattacked even after long-continued refluxing in the presence of 
aialysts. The bromo-compound was recovered unchanged from 
the reaction mixture. 

Iodotrinitremethane, sometimes anomalously referred to as iodo- 
picrin, cannot be prepared by any of the methods outlined above. 
The addition of hydriodic acid, or iodine, to nitroform-nitric acid 
slution resulted in the separation of iodic acid and mercuric iodide 
vithout the formation of any iodonitro-compound. Unsuccessful 
attempts to prepare it by refluxing the chloro- and the bromo- 
analogues with methyl iodide were also made. The action of an 
alcholic solution of potassium iodide on the chloro- and bromo- 
empounds liberated large quantities of iodine and gave solutions 
which severely attacked the eyes, indicating that some of the iodo- 
compound was present; attempts to separate it from the mixture, 
however, were unsuccessful. Meisenheimer and Schwarz (Ber., 
1906, 89, 2543) describe the preparation of icdotrinitromethane by 
the action of an ethereal solution of iodine on the silver salt of 
uitroform. The compound is stated to melt at 55—56° with decom- 
psition, and to distil with some decomposition at 48°/13 mm. The 
atter observation seems doubtful when the boiling points of the 
thloro- and bromo-compounds are considered, as it is to be expected 
that the iodo-compound would boil at a higher temperature than 
the bromo-analogue (63°/14 mm.). It is, moreover, very remark- 
able to have a substance boiling under reduced pressure at a tem- 
perature lower than its melting point, the more especially as a 
thermodynamical consideration shows that the melting point of a 
ubstance is altered by some 0°008° by a change in pressure of one 
atmosphere. In this connexion it is interesting to note that nitro- 
lm, prepared during the course of the present work, was found to 
distil as a clear, pale yellow liquid at 48°/17 mm., refractive index, 
"=1'4280. It therefore appears probable that the iodotrinitro- 
methane decomposed at some stage of Meisenheimer’s work with 
the formation of nitroform. 

Colours Produced by Chloro- and Bromo-trinitromethane.—On 
fecount of the observations previously recorded in the case of tetra- 
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nitromethane (Clarke, Macbeth, and Stewart, P., 1913, 29, 161: 
Harper and Macbeth, ibid., 1915, 34, 263; Harper and Macbeth, 
T., 1915, 107, 87) it seemed of interest to examine the effect of 
these substances on compounds containing unsaturated linkings or 
atoms capable of exercising a higher valency. It is found that 
colours are produced by these halogen derivatives somewhat similar 
to those obtained with tetranitromethane. Typical results may best 
be given in tabular form. In all cases alcoholic solutions of the 
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influencing substances of approximately equal strength were used It w 

and three drops of the reagent added to 5 c.c. of the solutions. bron 
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XLIV.—Quantitative Reduction by Hydriodic Acid of 
Halogenated Malonyl Derivatives. Part I. The 
Amides and_ s.-Di-alkyl- and- aryl-substituted 
Amides of Mono- and Di-bromomalonic Acid. 


By Joun VALENTINE Backes, RaLpH WINTON WEST, 
AND MartTHa ANNIE WHITELEY. 


Ir was observed by one of us (Whiteley, P., 1908, 24, 288) that the 
bromine in the bromomethylene complex of certain mono- and 
di-bromomalonyl derivatives, ‘CO*CHBr-CO- and -CO-CBr,°CO,, is 
reactive towards hydriodic acid in the same sense as the halogen 
in the nitrogen—halogen complex; such compounds liberate iodine 
from hydriodic acid at the ordinary temperature according to the 


following equations : 

(L.) *CO-CHBr°CO: + 2HI = :CO-CH,°CO: + HBr + I,. 

(II.) -CO*CBr,-CO- + 4HI = -CO-CH,°CO- + 2HBr + 21,. 

Compare C,H ;*NCI-CO-CH;, -++-2HI = C,H;-NH°CO-CH, + HC1--I,. 

The reaction is complete and can be employed as a method for 
estimating the bromine in the compound. 

The investigation has been extended to include the amides, and 
typical alkyl- and aryl-substituted amides and ureides of mono- 
and of di-bromomalonic acid. The melting points of these com- 
pounds are tabulated below. 

Melting Points of Amides and Substituted Amides and Ureides of 
Malonic, Bromomalonic, and Dibromomalonic Acids. 


Malonic Bromo- Dibromo- 
Nature of amide acid. malonic acid. malonic acid. 
i 170° 181° 203° 

&.-Dimethylamide 135 164 161 
&.-Diethylamide 149 160 78 
&.-Di-n-propylamide 139 134°5 78°5 
&.-Di-n-butylamide 103 — 
.-Di-isobutylamide 151 100 
8.-Dibenzylamide 167 128 
&-Diurethane 148 — 
Mono-p-bromophenylamide 200 142 
Mono-2 : 4-dibromophenylamide ~- 174 
Anilide — 147 
p-Bromoanilide 268 236 164 
2:4-Dibromoanilide 233 _- 146 
2:4: 6-Tribromoanilide 331 ~~ 174 
4-Bromo-o-toluidide 216 233 138 
p 250 211 137 
2-Bromo-p-toluidide 180 -- 150 
Ureide 253 — 234 
Diphenylureide 238 155 164 
Diphenylthioureide 244 220 190 

Note.— The melting points in italics are those of compounds that have 


been described previously. 
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All these compounds are quantitatively reduced by hydriodic 
acid at the ordinary temperature to the corresponding derivative 
of malonic acid, according to equation (I) or (II). The reduction is 
carried out by adding solid potassium iodide to a solution of the 
bromo-compound in glacial acetic acid; at temperatures above 
60° the reaction is instantaneous, but requires about two hours 
at the ordinary temperature. 

Kurt Meyer (Annalen, 1911, 380, 212) has made use of the quanti- 
tative reduction by hydriodic acid of certain bromo-ketones to 
estimate the bromo-ketone formed by the bromination of the 
enolic isomeride present in ordinary ethyl acetoacetate and similar 
compounds : 


Br. -CBr(OH)‘CHBr: —> -CO-CHBr + HBr. 


*C(OH):CH: 

Meyer’s method of effecting the reduction was different from 
that employed by us. The hydriodic acid was generated by the 
action of concentrated hydrochloric acid on potassium iodide in 
an alcoholic solution of the bromo-ketone, and the mixture was 
heated; under these conditions Meyer states that the reaction is 
a general one for bromo-ketones. 

We have examined the behaviour of certain typical bromo- 
ketones towards the reducing action of hydriodic acid under the two 
conditions, and find that whilst w-bromoacetophenone, «-bromo- 
«-nitrocamphor, and the «-bromo-complex in phenyl «$-dibromo- 
8-phenylethyl ketone are quantitatively reduced under each set 
of conditions, brompacetone is reduced under Meyer’s conditions 
but not under ours, and «-bromocamphor does not suffer reduction 
under either set of conditions. 

Meyer’s explanation of the course of the reducing action of 
hydriodic acid on bromo-ketones is that it is due to the spon- 
taneous breaking down, with liberation of iodine, of an unstable, 
intermediate di-iodo-compound, formed by the addition of a molecule 
of hydrogen iodide to the carbonyl group of the bromo-ketone, 
and the replacement by iodine of the bromine of the bromomethylene 
group by reaction with a second molecule of hydrogen iodide : 


‘CO-CBr: ——> -CI(OH)-CI: ——> -C(OH):C: + I,. 


The results we have obtained up to the present, whilst affording 
no wholly satisfactory explanation of the course of the reaction, 
give ground for believing that it involves hydrolysis of the bromo- 
compound with liberation of an active brominating agent, probably 
hypobromous acid, or a derivative of such, which is immediately 
reduced by the hydriodie acid : 
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:CHBr + H,O = :CH, + HOBr. 
HOBr + 2HI = HBr + H,O +1, 


compare Baeyer, Annalen, 1864, 130, 133). 

Evidence in favour of this explanation is afforded by the forma- 
ion of tribromoaniline when dibromomalon-2 : 4-dibromoanilide is 
leated with hydrochloric acid in a sealed tube at 120°; such a 
raction involves complete hydrolysis of the compound with forma- 
tion of 2: 4-dibromoaniline and an active brominating agent, which 
wnverts the dibromoaniline into tribromoaniline; this agent is 
nost probably hypobromous acid formed by the hydrolysis of the 
(Br, group : 

(Br,(CO-NH-C,H,Br,), + 4H,O = 
CH,(CO,H), + 2C,H,Br."NH, + 2HOBr: 
(,H,Br.>NH, + HOBr = C,H,Br,-NH, + H,0. 


This evidence is strengthened by the fact that tribromoaniline 
is also formed when a mixture of dibromomalondiethylamide and 
2:4-dibromoaniline is heated with hydrochloric acid in a sealed 
tube at 120°; in this case the source of the brominating agent is 
«tra-molecular, and precludes the possibility of a wandering of 
tromine from the dibromomethylene complex to the dibromo- 
phenyl group, an explanation which might be suggested to account 
for the formation of tribromoaniline by the action of hydrochloric 
aid on dibromomalon-2 : 4-dibromoanilide. 

It is hoped that the results of work now in progress will throw 
nore light on this important aspect of the question. In the mean- 
time, the present communication contains the account of the pre- 
jaration of a series of s-di-alkyl- and -aryl-substituted derivatives 
of malonamide, and of the action of bromine on these compounds. 


Action of Bromine on the Malondialkylamides. 


With the exception of the isopropyl compound, the malondi- 
ilkylamides are readily obtained by the condensation of ethyl 
malonate with the corresponding primary amine. In the case of 
the methyl and ethyl compounds, which are already known, the 
tondensation takes place in aqueous solution at the ordinary 
‘emperature. The higher members of the series were obtained 
byheating the base with ethyl malonate in sealed tubes at 120—130°. 
Attempts to prepare malondi‘sopropylamide by this method were 
lot successful; the condensation was not complete even after 
teating at 130° for six hours. The product was probably ethyl 
nalonisopropylamate, but it was not identified owing to lack 
of sufficient material. 
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Malonamide and its dialkyl-substituted derivatives are readily 
attacked by bromine, yielding the monobromomalony! derivatives, 
which on further treatment with bromine are converted into the 
corresponding dibromomalonyl] compounds, 


CH,(CO-NHR), —-> CHBr(CO-NHR), ——> CBr,(CO-NHR),. 


With the exception of the dibromo-derivative of malondi-n- 
butylamide (which has not been obtained in a crystalline form), 
these compounds are well-defined, colourless, crystalline substances, 
and each is quantitatively reduced to the corresponding malonyl 
derivative when a solution of the compound in cold glacial acetic 
acid is mixed with a little solid potassium iodide and left for about 
two hours. 


Action of Bromine on the Aryl-substituted Derivatives of Malonamide. 


The aryl-substituted malonamides that have been examined 
for their behaviour towards bromine are malonmonophenylamide, 
malonanilide, malon-o-toluidide, and malon-p-toluidide (Whiteley, 
T., 1903, 83, 24; P., 1904, 20, 92). These substances yield complex 
compounds owing to bromination of the malony] and of the aromatic 


radicles. 

Bromination of Malonanilide.—It might be expected that eight 
of the twelve hydrogen atoms in malonanilide would be replaceable 
by bromine by direct bromination, namely, the hydrogen atoms 
in the para- and the two ortho-positions in each phenyl group, 
and the two hydrogen atoms in the malonyl complex. The results 
obtained in this investigation show that only six of these hydrogen 
atoms are directly replaceable by bromine, these being the hydrogen 
atoms in the para- and one ortho-position in each phenyl group, 
and the hydrogen atoms in the malonyl group. Moreover, there 
is a marked difference in the readiness with which these hydrogen 
atoms are replaced, the reaction taking place in accordance with 
the following rules : 

1. The hydrogen atom in the para-position in each phenyl group 
and one of the hydrogen atoms in the malonyl group are equally 
susceptible to the attack of bromine, and the first and least bromin- 
ated derivative of malonanilide obtained is bromomalon-p-bromo- 
anilide. 

2. The second hydrogen atom in the malonyl radicle is more 
readily replaced than either of the hydrogen atoms in the ortho- 
positions in the phenyl groups, and the second product of brom- 
ination is dibromomalon-p-bromoanilide. i 

3. Only one of the two hydrogen atoms in the ortho-positions 
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ineach phenyl group can be replaced by direct bromination, and 
the final product is therefore dibromomalon-2 : 4-dibromoanilide. 
Although it has been found impossible to prepare, by direct 
omination, a less brominated derivative of malonanilide than 
the tribromo-compound, or a more highly brominated derivative 
than the hexabromo-compound, derivatives of these types can 
e obtained by indirect methods. Dibromomalonanilide has 
en prepared by the condensation of dibromomalony] chloride 
vith aniline (Staudinger and Bereza, Ber., 1908, 441, 4465). 
Dibromomalon-2 : 4 : 6-tribromoanilide can be obtained by the 
jirect bromination of malon-2 : 4 : 6-tribromoanilide. All attempts 
io prepare this derivative by the action of bromine on dibromo- 
malon-2 : 4-dibromoanilide have been unsuccessful, this com- 
pound remaining unchanged after heating for twenty-four hours 
with a large excess of bromine in chloroform solution. Further, 
when bromomalon-p-bromoanilide in glacial acetic acid solution is 
heated at 100° for three days with excess of bromine and a trace 
of iodine, 2: 4: 6-tribromoaniline is formed; this somewhat un- 
expected reaction is explicable when considered in connexion with 
Freund’s statement (Ber., 1884, 17, 782) that the hexabromo- 
derivative of malonanilide obtained by direct bromination yields 
iibromoaniline on hydrolysis with hydrochloric acid. On the 
strength of this evidence, Freund gave the name malon-2 : 4: 6- 
ttibromoanilide to his hexabromo-derivative, but the compound 
he obtained melted at 145° and was therefore dibromomalon- 
2:4-dibromoanilide, which melts at 146°, whilst malon-2 : 4: 6- 
ttibromoanilide has m. p. 331°. Moreover, we find that dibromo- 
malon-2 : 4-dibromoanilide undergoes partial decomposition, yield- 
ing 2:4:6-tribromoaniline, when heated with concentrated 
hydrochloric acid in a sealed tube at 120° for twenty-four hours. 
The most probable explanation of this complex reaction is that 
dibromomalon-2 : 4-dibromoanilide is completely hydrolysed, yield- 
ing 2:4-dibromoaniline, malonic acid, and hypobromous acid, 
aid the 2: 4-dibromoaniline is converted into 2 : 4: 6-tribromo- 
aniline by the hypobromous acid : 


(Br,(CO-NH-C,H,Br,), + 4H,0 = 
2C,H,Br..NH, + 2HOBr + CH,(CO,H),. 
(\H;Br,-NH, -- HOBr = C,H,Br,-NH, + H,0. 


The formation of tribromoaniline during the prolonged action 
of bromine on bromomalon-p-bromoanilide can be similarly ex- 
jlained ; the bromomalon-p-bromoanilide undergoes direct bromin- 
ition, yielding dibromomalon-2 : 4-dibromoanilide, which is then 
hydrolysed as described above by the hydrobromic acid produced 
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in the reaction, and the dibromoaniline formed is converted into 
tribromoaniline by the excess of bromine present or by the hypo- 
bromous acid produced in the hydrolysis. 


Bromination of Malonmonophenylamide, Malon-o-toluidide, and 
Malon-p-toluidide. 


The bromination of malonmonophenylamide, malon-o-toluidide, 
and malon-p-toluidide accords with rules similar to those deduced 
in the case of malonanilide. 

Malonmonophenylamide yields, on successive bromination, three 
products: bromomalonmonobromophenylamide, dibromomalonmono- 
bromophenylamide and dibromomalonmonodibromo phenylamide. 

Malon-o-toluidide yields two products on successive bromination: 
bromomalon-4-bromo-o-toluidide and dibromomalon-4-bromo-o-tolu- 
idide. 

Malon-p-toluidide yields three products on successive bromin- 
ation : bromomalon-p-toluidide, dibromomalon-p-toluidide, and éi- 
bromomalon-2-bromo-p-toluidide. 

The constitution of each of these compounds is readily deter- 
mined, since the bromine in the malonyl complex is in all cases 
directly and quantitatively replaceable by hydrogen by the action 
of hydriodic acid. 


EXPERIMENTAL.* 
Malonamide. 


Bromomalonamide, CHBr(CO-NH,),.— Attempts to prepare the 
monobromo-derivative of malonamide by the action of bromine 
(1 mol.) on an aqueous solution of malonamide (1 mol.) were un- 
successful. The bromine was rapidly absorbed, but the product 
was a mixture of the unchanged amide with the dibromo-derivative; 
when, however, the bromine was added to the amide dissolved in 
a sufficiently large excess of acetic acid to hold the amide in 


* In all the analyses recorded in this paper, the total bromine was estimated 
by the method of Carius, Stepanoff, or Robinson. The malonyl bromine 
denotes the bromine that is replaced by hydrogen when the compound is 
reduced by hydrogen iodide under the following conditions : The compound 
(0°i—0°'2 gram) is dissolved in cold, glacial acetic acid (about 50 c.c.), ap- 
proximately 2 grams of powdered potassium iodide are added to the solution, 
the mixture is allowed to remain at the ordinary temperature for two hours, 
and the liberated iodine is titrated wit : a standard solution of sodium thio- 
sulphate. A control experiment is made at the same time and a correction 
applied for the iodine liberated from potassium iodide by glacial acetic acid 
under the same conditions; this correction is very small if the acetic acid 
has been purified by preliminary treatment with potassium permanganate. 
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lution during the whole of the reaction, the product was the 
nonobromo-derivative. 

Five grams of malonamide (1 mol.) dissolved in 400 c.c. of glacial 
yetic acid were heated on the steam-bath, 25 c.c. of a 10 per cent. 
by volume) solution of bromine in acetic acid (1 mol.) were added 
dowly, and the mixture was constantly shaken. The bromine 
yas absorbed rapidly, and the reaction completed without the 
precipitation of any solid matter. After spontaneous evaporation 
of the solvent, slightly impure bromomalonamide (8-5 grams) was 
sbtained in hard cubes which crystallised from ethyl alcohol in 
hard, colourless prisms melting and decomposing at 181°. [Found: 
Br (total) = 44-47; Br (malonyl) = 44:54. CHBr(CO-NH,), 
requires Br = 44-17 per cent.]. 

Dibromomalonamide, CBr,(CO-NH,)., is readily prepared by 
the action of bromine on a warm, aqueous solution of malonamide 
(Freund, Ber., 1884, 17, 782). The yield can be increased to 94 per 
cent. of that theoretically possible by the addition of sodium acetate 
equivalent to the hydrogen bromide liberated in the reaction. 
Dibromomalonamide is readily soluble in acetic acid, sparingly 
wluble in ethyl or methyl alcohol, acetone, or water, and insoluble 
in ethyl acetate, chloroform, carbon tetrachloride, or benzene. It 
aystallises in brilliant, colourless, octahedral prisms, m. p. 203° 
(without decomposition). Freund (loc. cit.) gives m. p. 206° with 
decomposition; Stokes and von Pechman (Ber., 1886, 19, 2699), 
and Staudinger (Ber., 1908, 41, 908) give m. p. 200° [Found: Br 
(malonyl) = 61-55. Cale., Br = 61-49 per cent.]. 


Malondimethylamide. 


Bromomalondimethylamide, CHBr(CO-NHMe),.—Eight grams 
(| mol.) of malondimethylamide dissolved in 50 c.c. of chloroform 
were treated at 40—50° with 30 c.c. of a 10 per cent. (by volume) 
lution of bromine in the same solvent (1 mol.). The bromine 
was absorbed rapidly. After the solvent had evaporated, the 
‘mi-crystalline residue was dissolved in alcohol and the crystals 
vhich separated were filtered. The mother liquor, after being 
tettralised with anhydrous sodium carbonate, deposited a further 
quantity of crystals, from which acetone extracted the bromo- 
nalondimethylamide, the total amount being 9-4 grams. Bromo- 
nalondimethylamide is readily soluble in ethyl or methyl alcohol, 
thyl acetate, acetone, acetic acid or chloroform, and is sparingly 
wluble in carbon tetrachloride, benzene, or light petroleum. It 
aystallises from ethyl-alcoholic solution in thin, colourless prisms, 
n. p. 164 [Found : N = 13-33; Br (total) = 38-50; Br (malonyl) = 
38:20, CHBr(CO-NHMe), requires N = 13-4; Br = 38-24 per cent.]. 

o* 
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Dibromomalondimethylamide, CBr,(CO-NHMe),, was prepared 
by Freund (Ber., 1884, 17, 782) by brominating malondimethyl. 
amide in warm, aqueous solution. He describes the compound as 
crystallising from concentrated, aqueous solution in thick, hard 
prisms, m. p. 162°. We find that the compound is more readily 
prepared by the action of excess of bromine on a hot solution of 


malondimethylamide or its monobromo-derivative in chloroform,]i 


and that it melts at 161°. Dibromomalondimethylamide dissolves 
very readily in water, ethyl or methyl alcohol or chloroform, less 
readily in ethyl acetate or acetone, sparingly in carbon tetra- 
chloride, benzene, or light petroleum (b. p. 60—80°), and is insoluble 
in ether or light petroleum (b. p. 40—60°) [Found: Br (total)= 
55-64; Br (malonyl) = 55-38. Cale., Br = 55-53 per cent.]. 


Malondiethylamide. 


Malondiethylamide, CH,(CO-NHEt),, was prepared first by 
Wallach and Kamenski (Ber., 1881, 14, 170), who described it as 
crystallising in six-sided plates, m. p. 149°. Hausmann (Avnnalen, 
1895, 285, 97), obtained it as a by-product during the prolonged 
action of a benzene solution of ethylamine on ethyl 6-ethoxy- 
2-pyrone-3 : 5-dicarboxylate. 

Malondiethylamide can be readily prepared in a yield of 95 per 
cent. of the theoretical by shaking a mixture of 16 grams of ethyl 
malonate (1 mol.), 30 grams of a 33 per cent. aqueous solution 
of ethylamine (2 mols.), and 0-2 gram of sodium hydroxide for 
about one hour at 0° until it is homogeneous. After remaining 
at the ordinary temperature for twelve hours, the solution is evapor- 
ated to dryness on the water-bath. Malondiethylamide dissolves 
very readily in ethyl or methyl alcohol, ethyl acetate, acetone, 


chloroform, or acetic acid, less readily in benzene, sparingly in 
carbon tetrachloride or light petroleum (b. p. 100—120°), and is 
insoluble in ether. After crystallising once from benzene, and once 
from a mixture of absolute alcohol and light petroleum (b. p. 40— 
60°), it melts at 149°. 

Bromomalondiethylamide, CHBr(CO-NHEt),, is obtained by 
brominating malondiethylamide in chloroform solution, the con- 
ditions being similar to those obtaining in the preparation of bromo- 
malondimethylamide. From 8 grams of malondiethylamide 95 
grams of crude product were obtained. Bromomalondiethylamid: 
is very readily soluble in ethyl or methyl alcohol, ethyl acetate, 
acetone, or chloroform, sparingly soluble in benzene or in light 
petroleum (b. p. 100—120°), and insoluble in ether, carbon tett#- 
chloride, or light petroleum (b. p. 60—80°). It crystallises from 
alcoholic or benzene solution in thin, colourless prisms, m. Pp. 160° 


(Four 
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(Found: N= 11-81; Br (total) = 33-63; Br (malonyl) = 33-65. 
9(,H,,0.N,Br requires N = 11-82; Br = 33-72 per cent.]. 
yund asq Dibromommalondiethylamide, CBr,(CO-NHEt),, is obtained from 
the monobromo-compound by further bromination. To 6-1 grams 
J (1 mol.) of bromomalondiethylamide dissolved in chloroform were 
tion of§ slowly added 20 c.c. of a 10 per cent. (by volume) solution of bromine 
Jin chloroform (1} mols.) and the mixture was heated under reflux 
ssolves§ during four hours. After remaining at the ordinary temperature 
m, less for a further twelve hours, the solvent and the excess of bromine 
tetra-J were removed by spontaneous evaporation, the residual syrup 
soluble§ was neutralised with solid sodium carbonate and allowed to evapor- 
otal)=Jate to dryness, and the dibromomalondiethylamide extracted 
|. from the residue with dry ether; the yield was 98 per cent. of the 
theoretical. Dibromomalondiethylamide is very readily soluble 
in all the ordinary organic solvents with the exception of light 
st by§ petroleum (b. p. 40—60°), in which it is only sparingly soluble. 
1 it as§ When crystallised from a mixture of absolute alcohol and light 
unalen,§ petroleum (b. p. 40—60°) it separates in thin, colourless, prismatic 
longed§ needles that slowly change into large, hard prisms, m. p. 78° 
thoxy-§ [Found : Br (total) = 50-71; Br (malonyl) = 50°38. C;H,,0,N,Br, 
requires Br = 50-60 per cent.]. 
95 per ; ; 
F ethvl Malondi-n-propylamide. 
lution} Malondi-n-propylamide, CH,(CO-NHPr-),.—A mixture of 705 
de for] grams of »-propylamine (2 mols.) and 9°6 grams of ethyl malonate 
aining] (1 mol.) was allowed to remain in a sealed tube at the ordinary 
vapor-§ temperature for twenty-four hours, and was then heated at 125—130° 
solves for a further period of six hours. The product, after having been 
etone,§ Washed with petroleum, weighed 9°45 grams and was pure 
gly ing malondi-n-propylamide, m. p. 139°. It dissolves very readily in 
and is§ ethyl or methyl alcohol, ethyl acetate, acetic acid, chloroform, 
1 onceg or carbon tetrachloride, less readily in acetone, benzene, or water, 
.40—B and sparingly in light petroleum (b. p. 60—80°); it crystallises 
from acetone in colourless, six-sided plates, m. p. 139° (Found : 
d by§N= 15:18. C,H,,0,N, requires N = 15°07 per cent.). 
> col-§ = Bromomalondi-n-propylamide, CHBr(CO-NHPr*),, is prepared 
rom0-§ similarly to bromomalondimethylamide by direct bromination of 
de 95 malondi-n-propylamide in chloroform solution, 2 grams of which 
lamii¢@ Yield 2°38 grams of the monobrominated amide. Bromomalondi- 
setate,E l-propylamide is very readily soluble in all the ordinary organic 
light solvents with the exception of light petroleum (b. p. 60—80°, or 
tetra 8—100°) and water, in which it is sparingly soluble. It is most 
from conveniently crystallised from diluted alcohol, from which it 
. 160° separates in colourless, prismatic needles, m. p. 134°5° [Found : 
o 2* 
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N = 10°64; Br (malonyl) = 30°15. C,H,,0,N,Br requires N = 
10°57; Br = 30°16 per cent.]. 

Dibromomalondi-n-propylamide, CBr,(CO*-NHPr*),, is — con- 
veniently obtained by further bromination of the monobromo- 
derivative in chloroform solution, as in the case of dibromomalondi- 
methylamide, or by direct bromination of malondi-n-propylamide 
in hot, aqueous solution. 

To 2°1 grams of malondi-n-propylamide (1 mol.) dissolved in 
62 c.c. of boiling water, 4°78 grams of bromine (2% mols.) were added 
in several, successive, small portions, the solution being well shaken 
after each addition. When about one-half of the bromine had 
been added, a colourless, crystalline product separated, which was 
probably the monobromo-compound, as it disappeared on the 
further addition of bromine. The final mixture consisted of an 
aqueous solution and a heavy, insoluble oil, each containing excess 
of bromine. This was removed by partial evaporation on the 
water-bath, and on cooling the mixture the oil solidified, and 
large, prismatic crystals separated from the aqueous solution. 
The total, dry solid weighed 3°5 grams and consisted of pure dibromo- 
malondi-n-propylamide. This compound is very readily soluble 
in all the ordinary organic solvents with the exception of light 


petroleum (b. p. 40—60°), in which it is sparingly soluble. It is 
most conveniently crystallised from light petroleum (b. p. 60—80°), 
and forms colourless, hexagonal prisms, m. p. 78°5° [Found: 
N= 817; Br (malonyl) = 46:14. C,H,,O,N,Br,. requires N= 
815; Br = 46°49 per cent.]. 


Malondi-n-butylamide. 


Malondi-n-butylamide, CH,(CO-NH-C,H,),, is readily obtained 
by the condensation of ethyl malonate with n-butylamine under 
similar conditions to those employed in the preparation of malondi- 
n-propylamide. 7°9 Grams of n-butylamine gave 9°61 grams of 
pure malondi-n-butylamide, m. p. 132°5°. The compound is readily 
soluble in ethyl or methyl alcohol, ethyl acetate, acetic acid, chloro- 
form, acetone, carbon tetrachloride, or benzene, and sparingly 
soluble in water or light petroleum. It crystallises in pearly plates 
(Found: N=1301. C,,H,,0,N, requires N = 13°09 per cent.). 

Bromomalondi-n-butylamide, © CHBr(CO-NH°C,H,),, prepared 
similarly to bromomalondimethylamide, is very readily soluble 
in all the ordinary organic solvents with the exception of light 
petroleum (b. p. 40—60°) and water, in which it is insoluble. It 
crystallises from a mixture of alcohol and water in thin, colourless 
prisms, m. p. 103° [Found: N = 9°62; Br (malonyl) = 26°83. 
©,,H,,0,N,Br requires N = 9°57; Br = 27:28 per cent.]. 
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Malondiisobutylamide. 


Malondiisobutylamide, CH,(CO-NH°C,H,),, was prepared 
imilarly to malondi-n-butylamide by condensing ethyl malonate 
vith tsobutylamine. It dissolves very readily in ethyl or methyl 
alcohol, acetic acid, or chloroform, less readily in ethyl acetate, 
ether, acetone, or benzene, and is insoluble in light petroleum or in 
water; it crystallises from ethyl acetate in colourless needles, 
m. p. 126°5° (Found : N = 13°14. C,,H,.0,N, requires N = 13°09 
per cent.). 

Bromomalondiisobutylamide, CHBr(CO-NH-C,H,),, is readily 
prepared by direct bromination of malondiisobutylamide. To a 
lution of 2 grams (1 mol.) of malonditsobutylamide in 10 c.c. 
of warm, glacial acetic acid were slowly added 4°7 c.c. of a 10 per 
cent. (by volume) solution of bromine in acetic acid (1 mol.); the 
bromine was rapidly absorbed. After remaining for ten minutes 
the solution was poured into 200 c.c. of water at 0°. The precipi- 
tated bromomalondiisobutylamide from four such brominations 
weighed 8 grams, and crystallised from a mixture of benzene and 
light petroleum (b. p. 60—80°) in colourless, stout prisms, m. p. 151°. 
Bromomalondiisobutylamide is very readily soluble in cold ethy! 
or methyl alcohol, ethyl acetate, acetone, acetic acid, chloroform, 
or carbon tetrachloride, or in warm benzene, and sparingly 
soluble in light petroleum (b. p. 60—80°). It dissolves fairly readily 
in light petroleum (b. p. 80—100°) and the solution exhibits the 
property of forming a gel when rapidly cooled; after some time 
the gel slowly becomes limpid and deposits crystals [Found: 
N=9-44; Br (total) = 27:4; Br (malonyl) = 27:21. C,,H,,0,N,Br 
requires N = 9°57; Br = 27°28 per cent.]. 

Gelatinisation of Solutions of Bromomalondiisobutylamide in Light 
Petrolewum.*—Light petroleum, b. p. 73—76°, is the most convenient 
wolvent; 100 c.c. dissolve 0°491 gram of bromomalondiisobutyl- 
amide at 50°. The solubility curve shows no transition point. 
Supersaturated solutions yield gels when cooled rapidly by immers- 
ing the vessel in cold water. A marked peculiarity is the capacity 
for gel formation in the presence of crystals; this condition obtains 
vhen saturated solutions at 70° are allowed to cool slowly without 
tiring. When a similar solution is stirred while cooling, there is 
u0 gel formation, and the dissolved solid is precipitated as a bulky 
mass of thin, needle-shaped crystals. The gel varies according to 
tonditions, from complete transparency to opalescence ; on heating 
it becomes opaque. When it is allowed to “set” on a microscope 


* We are indebted to Miss Dorothy Haynes, B.Sc., D.I.C., for this report. 
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slide and afterwards gently warmed, a number of very small, 
stellate clusters of crystals can be observed under the microscope, 

The gelatinisation appears to be due to the formation of highly 
dispersed, crystalline centres by sudden crystallisation in a medium 


in which diffusion takes place with difficulty; this explanation Di 
would also account for the co-existence of crystals and gel. ible 
Dibromomalondiisobutylamide, CBr.(CO-NH-C,Hg),, is prepared deris 
by brominating malondiisobutylamide or its monobromo-derivative amid 
in carbon tetrachloride solution. To 2 grams of malondiisobutyl- of t 
amide (1 mol.) dissolved in 20 ¢.c. of warm carbon tetrachloride, parts 
9°4 c.c. of a 10 per cent. (by volume) solution of bromine in carbon mixt 
tetrachloride (2 mols.) were slowly added, the mixture was shaken, chlor 
and warmed on the steam-bath from time to time until the reaction mal 
was completed. After the solvent had evaporated, the residual the ¢ 
syrup yielded 3°18 grams of dibromomalondiisobutylamide when J A: 
stirred with a mixture of alcohol and light petroleum (b. p. 40—60°), f ie 
Two grams of bromomalondiisobutylamide on similar treatment solve 
yielded 2°48 grams of the dibromo-compound. Dibromomalondi- | °™F 
isobutylamide dissolves readily in methyl or ethyl alcohol, benzene, brom 
or light petroleum (b. p. 60—80°), less readily in carbon tetra- § "8 ® 
chloride or light petroleum (b. p. 40—60°), and crystallises in thin, with 
colourless prisms, m. p. 100° [Found: Br (total) = 42°90; Br di-br 
(malonyl) = 42°14. C,,H. 0,N,Br, requires Br = 42°98 per cent.]. we 
Malondibenzylamide. ape 
Malondibenzylamide, CH,(CO-NH°CH,Ph),, was,readily prepared ed 
by gently boiling under reflux a mixture of 20 grams of ethyl ios, 
malonate (1 mol.) and 27 grams of benzylamine (2 mols.) for about lies 
twenty hours. The product solidified on cooling, and after having 100 
been washed with alcohol weighed 30 grams. Malondibenzylamide it fon 
is readily soluble in ethyl or methyl alcohol, acetic acid, or chloro- § . 
form, sparingly soluble in ethyl acetate, acetone, benzene, or water, aed 
and insoluble in ether; it crystallises in colourless plates, m. p. 142° sane 
(Found: N = 10-03. C,,H,,0,N, requires N = 9-93 per cent.). i 
Bromomalondibenzylamide, CHBr(CO-NH-CH,Ph),, is the first ale 
product of the bromination of malondibenzylamide. To 2 grams 
of malondibenzylamide (1 mol.) dissolved in 12 c.c. of hot, glacial Mal 
acetic acid, 3-6 c.c. of a 10 per cent. (by volume) solution of bromine pared 
in acetic acid (1 mol.) were slowly added. The bromine was rapidly ates 
absorbed and the addition of hot water to the acetic acid solution ee. 
caused the precipitation of the bromomalondibenzylamide in 4 ein 
crystalline form; the yield was quantitative. Bromomalondibenzyl- phos 
amide is readily soluble in ethyl or methyl alcohol, ethyl acetate, i 


acetone, or chloroform, and sparingly soluble in carbon tetrachloride, 
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benzene, or light petroleum (b. p. 100—120°). It crystallises in thin, 
wlourless needles, m. p. 167° [Found: N = 7-79; Br (total) = 
9-21; Br (malonyl) = 22-02. C,,H,,0,N,Br requires N = 7-76; 
Br = 22-16 per cent.]. 

Dibromomalondibenzylamide, CBr,(CO-NH-CH,Ph),. — Consider- 
able difficulty was experienced at first in preparing the dibromo- 
derivative of malondibenzylamide. Exhaustive bromination of the 
amide itself or of its monobromo-derivative gave mixed crystals 
of the mono- and di-bromo-derivatives, containing about eight 
parts of the former and ninety-two parts of the latter, and similar 
mixtures were afforded by the condensation of dibromomalonyl 
chloride with benzylamine, owing, probably, to the presence of a 
mall quantity of monobromomalonyl chloride as an impurity in 
the dibromo-compound; these crystals melted at 139°. 

A solution of 2 grams of malondibenzylamide in carbon tetrachlor- 
ide was mixed with an amount of bromine dissolved in the same 
solvent in excess of that required for the formation of the dibromo- 
compound, and the mixture boiled under reflux until the excess of 
bromine was expelled. The mixture of crystals and syrup remain- 
ing after the spontaneous evaporation of the solvent was washed 
with alcohol and yielded 3-65 grams of a mixture of the mono- and 
di-bromo-derivatives in colourless crystals. It was dissolved in a 
hot solution of bromine in carbon tetrachloride and the solution 
boiled until heavy, prismatic crystals of the dibromo-compound 
separated from the boiling solution, which still contained free brcm- 
ine. The crystals, after having been washed with alcohol, weighed 
295 grams. Dibromomalondibenzylamide dissolves readily in ethyl or 
methyl alcohol, ethyl acetate, acetone, acetic acid, chloroform, or 
benzene, less readily in carbon tetrachloride or light petroleum (b. p. 
100—120°), and sparingly in ether or light petroleum (b. p. 60—80°) ; 
it forms hard, prismatic, colourless crystals, m. p. 128°. The melting 
point is raised by the admixture of a very small quantity of the 
monobromo-derivative [Found : N = 6-36; Br (total) = 36-09; Br 
(malonyl) = 36-43. C,-H,,O,N,Br, requires N = 6-36; Br = 36-34 
per cent.]. . 


Malonyldiurethane. 


Malonyldiurethane, CH,(CO-NH-CO,Et),, m. p. 124°, was pre- 
pared by Conrad and Schulze (Ber., 1909, 42, 734) by condensing 
malonic acid with urethane in acetic anhydride solution. It is 
more conveniently obtained by warming a mixture of 10 grams of 
malonic acid (1 mol.), 18 grams of urethane (2 mols.), and 16 c.c. of 
phosphoryl chloride (2 mols.), with constant stirring at about 80° 
intil hydrogen chloride is no longer evolved copiously. The 
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resinous product yields crystalline malonyldiurethane, m. p. 124° 
on treatment with cold water; the yield, 71 per cent. of the theor. 
etical, is the same as that obtained by Conrad and Schulze 
(loc. cit.). , 

Bromomalonyldiurethane, CHBr(CO-NH:CO,Et),, is readily pre. 
pared by heating for a few minutes a mixture of 2 grams of malonyl. 
diurethane and an excess of bromine in chloroform solution. After 
the solvent and the excess of bromine have been allowed to evaporate 
the semi-solid residue is washed with ether, when 2-65 grams of the 
crude monobromo-compound are obtained. Bromomalonyldiure. 
thane is very readily soluble in ethyl or methyl alcohol, ethyl acetate, 
acetone, or acetic acid, sparingly soluble in water, and insoluble in 
chloroform, carbon tetrachloride, or benzene; it crystallises from 
a mixture of alcohol and water in colourless prisms that melt with 
slight decomposition at 148° [Found: N = 8-72; Br (total) = 
24-47; Br (malonyl) = 24:79. C,H,,0,N,Br requires N = 8-64; 
Br = 24-61 per cent.]. 

All attempts to prepare a dibromo-derivative of malonyldiure- 
thane were unsuccessful; bromomalonyldiurethane is not changed 
by treatment with bromine in chloroform or acetic acid solution 
even at the boiling point of the solution. 


Malonmonophenylamide. 

A mixture of 15 grams of aniline (1 mol.) and 36 grams of ethyl 
malonate (1°5 mols.) was heated at 120° under reflux for six hours. 
The liquid, when cold, was shaken with twice its volume of con- 
centrated ammonia solution for two hours and the excess of ammonia 
and one-half of the water then evaporated on the steam-bath. On 
cooling, malonmonophenylamide (24 grams) crystallised from the 
solution; malonamide (6 grams) was recovered from the mother 
liquor. 

Malonmonophenylamide, NH,*CO-CH,°CO-NHPh,3H,O, crystal- 
lises from a hot aqueous solution in colourless, pearly plates 
containing water of crystallisation, which it loses at 100°. The 
hydrated crystals melt indefinitely at 130—134°, the anhydrous 
substance at 164°. Malonmonophenylamide is readily soluble in 
all the ordinary organic solvents with the exception of chloroform, 
carbon tetrachloride, and light petroleum [Found : H,O = 4:98; 
N = 15:77. C,H 4)0,N.,}H,O requires H,O = 4-81; N = 15-73 per 
cent.|. 

Bromomalonmonobromophenylamide, 

NH,°CO-CHBr-CO-NH:-C,H,Br*. 
A solution of 4:5 grams (1 mol.) of malonmonophenylamide in 

* The position of the bromine atom in the phenyl! group in this compound 
has not been determined. It is most probably in the para-position. 
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icc. of glacial acetic acid was treated with 25 c.c. of a 10 per 
wat. (by volume) solution of bromine in the same solvent (2 mols.). 
{ter heating at 100° for thirty minutes, the bromine was almost 
atirely absorbed. The solution was allowed to evaporate to 
ivness and the residual bromomalonmonobromophenylamide crys- 
tllised from ethyl alcohol, when it was obtained in colourless 
xedles melting and decomposing at 200°; the yield was 91 per cent. 
if the theoretical [Found: Br (total) = 47-61; Br (malonyl) = 
3-98. C,H,O,N,Br, requires Br (total) = 47-60; Br (malonyl) = 
381 per cent.]. 

Dibromomalonmonobromophenylamide, 

NH,°CO-’CBr,°CO:NH-C,H,Br,* 

was prepared by heating malonmonophenylamide (4:5 grams; 
| mol.) and bromine (3-5 mols.) in acetic acid solution at 100° for 
me hour. On shaking vigorously, large quantities of hydrogen 
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8-64: Fbromide were evolved and dibromomalonmonobromophenylamide 
eparated as a crystalline solid. After crystallising from alcohol, it 

diure. formed stout, colourless prisms, m. p. 142°, the yield being 85 per 

anged Jeet. of the theoretical [Found: N = 6-51; Br (total) = 57-90; 

lution § Br (malonyl) = 38-22. C,H,0,N,Br, requires N = 6-75; Br (total) = 
3781; Br (malonyl) = 38-54 per cent.]. 

Dibromomalonmonodibromophenylamide, 
NH,°CO:CBr,°CO-NH°C,H,Br,,+ 

ethyl F vas obtained by treating 5 grams (1 mol.) of dibromomalonmono- 

Ours. Tbromophenylamide dissolved in 100 c.c. of hot glacial acetic 

Con- Buid with a large excess of bromine (10 c.c.) and allowing the 

nla F solution to remain at the ordinary temperature during five days. 

On It separated in well-formed, colourless prisms, which, after crys- 

the tallisation from alcohol, melted at 174° [Found: Br (total) = 64-76; 

ther Fp, (malonyl) = 31-95. C,H,O,N,Br, requires Br (total) = 64-76; 
Br (malonyl) = 32-38 per cent.]. 

tal. The product obtained by reducing dibromomalonmonodibromo- 

ae phenylamide by hydriodic acid is malonmonodibromophenylamide, 

The NH,’CO-CH,*CO-NH-C,H,Br,; it crystallises from dilute alcohol in 

ore stout, colourless prisms, m. p. 194° (decomp.) [Found : Br = 47-89. 

fie, (,H,0,N,Br, requires Br = 47-60 per cent.]. 

98 ; Malonanilide. 

per Bromomalon-p-bromoanilide, CHBr(CO-NH°C,H,Br),.—To 20 


grams (1 mol.) of matonanilide dissolved in 250 c.c. of hot glacial 


* The position of the bromine atom in the phenyl group in this compound 
has not been determined. It is most probably in the para-position. 

t The positions of the bromine atoms in the phenyl radicles of this 
‘compound have not been determined; they are most probably in the 
2:4 positions. 


ind 
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acetic acid 135 c.c. of a 10 per cent. (by volume) solution of bromine 
in chloroform (3-5 mols.) were added drop by drop. The bromine 
was absorbed rapidly, and on vigorous shaking hydrogen bromide 
was expelled copiously and bromomalon-p-bromoanilide was de. 
posited as a heavy, white, crystalline solid. This was filtered 
while hot, and after crystallising from a mixture of benzene and 
absolute alcohol obtained in thin, colourless, silky needles, m. p. 236° 
[Found: Br (total) = 49-06; Br (malonyl) = 16-01. ©,5H,,0,N,Br, 
requires Br (total) = 48-88; Br (malonyl) = 16-29 per cent.]. 

Proofs that the constitution of the compound is as designated 
were afforded (1) by the preparation of the same compound by direct 
bromination of malon-p-bromoanilide, m. p. 268°, obtained by 
condensing p-bromoaniline with ethyl malonate (Chattaway and 
Mason, T., 1910, 97, 340); and (2) by the formation of malon-p. 
bromoanilide, m. p. 268°, on reducing the compound with hydriodic 
acid, 


Br, 
CH,(CO-NH-C,H,Br), —,;7 CHBr(CO-NH-C,H,Br),. 
<x 


Dibromomalon-p-bromoanilide, CBr,(CO-NH°C,H,Br),.—To 15 
grams (1 mol.) of bromomalon-p-bromoanilide dissolved in 1 litre 
of boiling glacial acetic acid, 30 c.c. of a 10 per cent. (by volume) 
solution of bromine in chloroform (2 mols.) were added drop by 
diop. The bromine was not absorbed rapidly, but after remaining 
for fifty to sixty hours at the ordinary temperature the bromine 
disappeared and dibromomalon-p-bromoanilide was obtained as a 
heavy, glassy, crystalline substance. It had m. p. 164° and formed 
well-defined, colourless prisms [Found: Br (total) = 56-02; Br 
(malonyl) = 28-09. C,;H,,0,N,Br, requires Br (total) = 56-11; Br 
(malonyl) = 28-05 per cent.]. 

Malon-p-bromoanilide, m. p. 268°, was obtained by reducing the 
compound with hydriodic acid. 

Dibromomalon-2 : 4-dibromoanilide, CBr,(CO-NH-C,H;Br,)., was 
prepared by treating a hot solution of 15 grams (1 mol.) of bromo- 
malon-p-bromoanilide in 450 c.c. of glacial acetic acid with 36 c.c. 
(23-5 mols.) of bromine. After standing about six hours at the 
ordinary temperature the precipitate of very thin, needle-shaped 
crystals which had separated was collected, washed, and recrystal- 
lised from a mixture of benzene and alcohol, when dibromomalor- 
2:4-dibromoanilide was obtained in colourless needles, m. p. 146 
[Found : Br (total) = 66-19; Br (malonyl) = 22-20. C,,H,O,N,Br; 
requires Br (total) = 65-92; Br (malonyl) = 21-97 per cent.]. 

The compound obtained by reducing dibromomalon-2: 4-d- 
bromoanilide with hydriodic acid melts at 231° and is identical 
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romine # th the malon-2:4-dibromoanilide prepared by condensing ethyl 
Fomine F slonate with 2: 4-dibromoaniline. Chattaway and Mason (loc. cit.), 
ee sho first prepared malon-2:4-dibromoanilide, found that it had 
ye, i. p- 233°. 
itered nh :4-dibromoanilide yields 2: 4: 6-tribromoaniline 
. -_ vhen hydrolysed with hydrochloric acid under the following con- 
p. 236 jitions : 2 grams of the anilide and 15 c.c. of concentrated hydro- 
N Br, dlorie acid were heated at 120° in a sealed tube for twenty-four 
hours. When cold, the tube contained colourless, needle-shaped 
aystals together with unchanged dibromomalon-2: 4-dibromoanilide. 
The solid was filtered, extracted with hot hydrochloric acid, and 
" y the filtrate and extract neutralised with alkali, when 2: 4: 6-tri- 
y and bromoaniline, m. p. 120°, was obtained. 
one 2 "| Dibromomalon-2 : 4 : 6-tribromoanilide, CBr,(CO-NH-C,H,Brs)..— 
ee Five grams (1 mol.) of malon-2: 4: 6-tribromoanilide (Chattaway and 
Mason, loc. cit.) were ground into a thin paste with 150 c.c. of dry 
chloroform, mixed with a large excess (15 c.c.) of bromine, and heated 
to gentle ebullition on the water-bath. After forty-five minutes 
_ Jillthe solid had dissolved and the chloroform and excess of bromine 
: bb were allowed to evaporate spontaneously. The residual, dry solid, 
litre B stter crystallising from carbon tetrachloride, formed flat, colourless 
lume) prisms, m. p. 174°, and was dibromomalon-2 : 4: 6-tribromoanilide 
P bY Fifound : Br (total) = 72-46; Br (malonyl) = 17°75. C,;H,O.N,Brg 
MNS Frequires Br (total) = 72-22; Br (malonyl) = 18-05 per cent.]. 
mine f Dibromomalonanilide, CBr,(CO-NHPh),, was prepared by Stau- 
a8 8 Bdinger and Bereza (Ber., 1908, 41, 4465) by condensing dibromo- 
rmed malonyl chloride with aniline and crystallising the product from 
| a methyl alcohol ; the crystals thus obtained melted at 143—144° and 
Br E ontained N = 7-16 per cent. (C,;H,,0O,N,Br, requires N = 6-80 
per cent.). We used the same method to prepare the dibromo- 
malonanilide required in this investigation, and obtained a similar 
product, which crystallised from methyl alcohol in large, well- 
Was Fi defined, highly refractive prisms and melted at 144°. The material 
m0 B vas not pure, however, and by repeated crystallisation from methyl 
ims ileohol or light petroleum (b. p. 100—120°) it was separated into 
Me F iibromomalonanilide [Found: N= 6-92; Br (total) = 38-91; Br 
= (malonyl) = 34:09. C,,H,,O,N,Br, requires Br (total and malonyl) 
a 38-82; N = 6-80 per cent.], which formed hard, compact, heavy 
prisms, m. p. 147°, and a very small quantity of a compound, m. p. 


mated 
direct 


az il’, that crystallised in thin, silky needles, and has not been 
 § Bl identified owing to lack of material. 

de The chief product of the reducing action of hydriodic acid on 
ical libromomalonanilide is malonanilide, m. p. 225°, but another 


trystalline compound is also formed in small amount and this has 
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not yet been isolated in sufficient quantity for identification. } 
is not improbable that the low value obtained for the malony| 
bromine in dibromomalonanilide may be connected with the 
formation of this by-product. 


Malon-p-toluidide. 


Bromomalon-p-toluidide, CHBr(CO-NH:°C,H,),, was prepared by 
the action of a solution of bromine (1 mol.) in chloroform on a hot 
acetic acid solution of 7 grams (1 mol.) of malon-p-toluidide. The 
bromine was absorbed very rapidly; the bromomalon-p-toluidide§ 
which separated as a heavy, granular precipitate, was crystallised 
from a mixture of benzene and alcohol and obtained in thin, 
colourless plates melting at 211°. [Found: Br (total) = 21-9: 
Br (malonyl) = 22°30. C,,H,,0O,N,Br requires Br = 22°14 per cent. 

Malon-p-toluidide, m. p. 251°, was obtained by reducing the 
bromo-compound with hydriodic acid. 

Dibromomalon-p-toluidide, CBr,(CO-NH-C,H,), was prepared by 
heating gently a mixture of 6 grams (1 mol.) of bromomalon-p-§. 
toluidide and bromine (1 mol.) in chloroform for about three hours. 
The solution was cooled, filtered from a little unchanged monobromo- 
compound, and the filtrate allowed to evaporate spontaneously to 
dryness. The residual, crude dibromomalon-p-toluidide was washed 
with ether and recrystallised from carbon tetrachloride, when it 


formed short, colourless, prismatic needles melting at 137° [Found:§}. 
Br (total) = 36:06; Br (malonyl) = 35°96. C,,H,,0,N,Br, requires 9.7 


Br = 36°34 per cent.]. 

Malon-p-toluidide, m. p. 251°, was obtained by the action of 
hydriodic acid on the dibromo-compound. 

Dibromomalon-2-bromo-p-toluidide, CBr,(CO-NH-°C,H,Br),, was pre- ff, 
pared by heating under reflux 5 grams (1 mol.) of finely divided§, 
malon-p-toluidide and bromine (8 mols.) in chloroform until all 
the solid had dissolved. The cold solution was allowed to evaporate 
spontaneously, and the residual dibromomalon-2-bromo-p-toluidide 
crystallised from alcohol or carbon tetrachloride, when it was 
obtained as short, colourless prisms, m. p. 150° [Found : Br (total) = 
53°64; Br (malonyl) = 26°99. C,,H,,0,N,Br, requires Br (total) = 
53°50; Br (malonyl) = 26°75 per cent.]. 

The compound obtained by reducing dibromomalon-2-bromo-)- 
toluidide by hydriodic acid melts at 180°, and is identical with 
malon-2-bromo-p-toluidide prepared by condensing ethyl malonate 
with 2-bromo-p-toluidine (Found: Br = 35°98. C,,H,,0,N,br, 
requires Br = 36°34 per cent.). 
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Malon-o-toluidide. 


Bromomalon-4-bromo-o-toluidide, CHBr(CO*-NH-C,H,Br)., was pre- 
pred by slowly treating a hot acetic acid solution of 10 grams 
| mol.) of malon-o-toluidide with a solution of bromine (3°4 mols.) 
inchloroform. After all the bromine had been added the heating 


YE vas continued for a further thirty minutes, when bromomalon-4- 


iromo-o-toluidide separated as a white, crystalline precipitate. 
Mter recrystallisation from acetic acid, it formed colourless needles, 


‘Bn. p. 233° [Found: Br (total) = 46°31; Br (malonyl) = 15°16. 


(,H,;0.N,Br; requires Br (total) = 46°22; Br (malonyl) = 15°41 


- ‘Per cent. ]. 


The reduced product obtained by the action of hydriodic acid 


fon this tribromo-derivative melts at 216°, and is identical with the 
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nalon-4-bromo-o-toluidide prepared by condensing ethyl malonate 
with 4-bromo-o-toluidine. 

Dibromomalon-4-bromo-o-toluidide, CBr,(CO*-NH:°C,H,Br),.—To a 
lution of 3 grams of bromomalon-4-bromo-o-toluidide in 750 c.c. 
of acetic acid a solution of bromine (1°5 mols.) in chloroform was 
added. After remaining for twenty-four hours at the ordinary 
temperature, the bromine had almost entirely disappeared, and 
m partial evaporation of the solvent dibromomalon-4-bromo-o- 
toluidide separated in well-defined, thin prisms, and after crystal- 
ising from carbon tetrachloride melted at 138° [Found : Br (total)= 
78; Br (malonyl) = 27°09. C,,H,,0,N,Br, requires Br (total) = 
349; Br (malonyl) = 26°74 per cent.]. 

Malon-4-bromo-o-toluidide is obtained by reducing dibromomalon- 
{bromo-o-toluidide with hydriodic acid. It is readily soluble in 
wetic acid, and on dilution with water is precipitated as a bulky, 
vurdy mass, which can be filtered and dried only with difficulty. 
It erystallises from a mixture of acetic acid and alcohol, or from 
ilcohol, in colourless, prismatic crystals, m. p. 216° (slight decomp.) 
(found: N = 6-41. C,,H,,0,N,Br, requires N = 6°37 per cent.). 


Reduction of Ureides of Mono: and Di-bromomalonic Acids by 
Hydriodic Acid. 


Dibromobarbituric Acid.—The dibromobarbituric acid used in 
this analysis was colourless and crystalline, and melted and decom- 
posed at 234° (Found : Br (malonyl) = 54°95. Calc. : Br (malonyl) 
= 55°92 per cent.]. 

_It was observed by Baeyer (Annalen, 1864, 130, 133) that there 
‘a difference in the reactivity of the two bromine atoms in 
libromobarbituric acid, one of these being more readily replaced 
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by hydrogen than the other. We find that the reduction of df pp, 
bromobarbituric acid is effected to the extent of one-half of theB;, ac 
bromine present when a neutral solution of potassium iodide isff jjont 
added to an aqueous solution of the acid [Found : Br (malonyl) =§ gajo., 
27°38 per cent. |. a-B 
5-Bromo-1 : 3-diphenylbarbituric acid, CO<NECOS cup dit 

: 3-diphenylbarbituric acid, <NPh-CO Tr, Way an 


prepared by adding slowly 13 c.c. of a 10 per cent. solution off... 

alg ; N/20- 
bromine in chloroform (1 mol.) to a warm solution of 7 grams of The 
1 ; 3-diphenylbarbituric acid (1 mol.) in 50 c.c. of chloroform. The 


bromine was absorbed rapidly, and on spontaneous evaporation of ial 
the solvent and washing the residual solid with light petroleum solutie 


(b. p. 40—60°) a quantitative yield of 5-bromo-1 : 3-diphenylbarbituric ae 
acid was obtained. It crystallised from carbon tetrachloride or Ber] 
light petroleum (b. p. 100—120°) in hard, crystalline warts, m. pf” 
155°, and was very readily soluble in all the ordinary organic 


solvents [Found: Br (total) = 22°35; Br (malonyl) = 22°38. _— 
C,,H,,0O,N,Br requires Br = 22°20 per cent.]. “sage 
5: 5-Dibromo-1 : 3-diphenylbarbituric acid, j o ; 
-NPh:CO ~ 

CO <yph-Co> CBr. CoH and Ir 


(Whiteley, T., 1907, 91, 1330), is quantitatively reduced by part © 
hydriodic acid to | : 3-diphenylbarbituric acid [Found : Br (malonyl)f Lure 
= 31°06. Calc.: Br (malonyl) = 30°99 per cent.]. 
5-Bromo-5-benzoyl-1 : 3-diphenylbarbituric acid, m. p. 186° 
(Whiteley, P., 1908, 24, 278), is quantitatively reduced by hydriodic 
acid to 5-benzoyl-1 : 3-diphenylbarbituric acid [Found : Br (malonyl) 
= 17°60. Cale.: Br (malonyl) = 17:27 per cent.]. 
5-Bromo-2-thio-1 : 3-dipbenylbarbituric acid, m. p. 220° (White # XLV 
ley, loc. cit.), is reduced quantitatively to 2-thio-] : 3-diphenylbarbit- 
uric acid by the action of hydriodic acid | Found : Br (malonyl) = 
20°40; N = 7:56; S= 879. Cale.: Br (malonyl) = 21°31; N= 


7°47; S = 8°55 per cent. }. Nu f 
5 : 5-Dibromo-2-thio-1 : 3-diphenylbarbituric acid, m. p. 10° th 
(Whiteley, loc. cit.), is reduced quantitatively to 2-thio-1 : 3-diphenyl- in 
barbituric acid by the action of hydriodic acid [Found : Br (malony)) 
= 3466; N=621; S=723. Cale.: Br (malonyl) = 3522; 
N = 6:17; S = 707 per cent.]. 
Reduction of some Typical Bromo-ketones by Hydriodic Acid. oe 
ion 


w-Bromoacetophenone.—01281 Gram dissolved in 10 c.c. of acetic; the 
acid and mixed with 10 ¢.c. of a 10 per cent. solution of potassiull arried 
iodide liberated iodine equivalent to 25°86 c.c. of; N/20-iodine is dep 
solution (Br = 40°34. Cale.: Br = 40°17 per cent.). 
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of dif Phenyl aB-dibromo-B-phenylethyl Ketone.—0°0843 Gram dissolved 
of the in acetic acid containing potassium iodide liberated iodine equiv- 
lide is sent to 9°09 c.c. of N/20-iodine solution [Br (replaceable) = 21°55. 
nyl) = Cale. : Br (replaceable) = 21°72 per cent.]. 

«-Bromo-«-nitrocamphor.—0°2108 Gram dissolved in acetic acid 

r, wasg and mixed with 10 c.c. of a 10 per cent. solution of potassium 
iodide liberated instantaneously iodine equivalent to 30°74 c.c. of 
N/20-iodine solution (Br = 29°13. Cale. : Br = 28°97 per cent.). 

The reduction of a-bromo-a-nitrocamphor with the liberation of 
two equivalents of iodine is also effected instantaneously when a 
neutral solution of potassium iodide is added to an alcoholic 
solution of the compound. In this respect bromonitrocamphor 
‘d behaves like ethyl bromonitromalonate (Willstiatter and Hottenroth, 
eT Ber., 1904, 37, 1775). 
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Vite} XLV.—The Formation and Properties of Dithioketones 
(R.C:S:8) and Dithio-ethers (R.S:8). Pari I. 


N= By Kuverst Gosat Naik. 


190° Tak formation of ‘‘ mustard gas”’ (88’-dichlorodiethyl sulphide) by 
Jithe sulphur chloride process may be represented by the scheme : 


_y (CH,CI°CH,),8:S 
2CH,:CH, + CLS:S << (I.) 
“™« (CH,CI-CH,),8 + 8. 

(II.) 
lertain difficulties were initially encountered owing to the con- 
ition in which the second sulphur atom occurred in the product. 
ff the reaction between sulphur monochloride and ethylene is 
‘aried out under the right conditions the second atom of sulphur 
is deposited in the elemental form, but under other conditions it 
tmains either in solution in or in combination with the sulphide 
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(II). The question whether the compound (I) is stable unde 
ordinary atmospheric conditions is a vital one, because the vapor 
tension of “ mustard gas” is already so low as to place it on the 
line limiting the usefulness in war of toxic substances which rely 
for their effect on the amount of vapour introduced into the air 
under normal conditions of temperature and pressure. If the 
second sulphur atom remained in chemical combination, as in 
formula I, the vapour tension of the compound would be lower 
than that of “ mustard gas,” and its utility as a toxic agent woul 
thereby be diminished, if not entirely destroyed. 

The late Lieut.-Col. Harrison showed that the product contain. 
ing the two sulphur atoms vaporised completely at the ordinary 
temperature, leaving only a residue of sulphur, and that the vapour 
evolved at different periods of the evaporation had the same order 
of toxicity as “‘ mustard gas.” 

There is thus no doubt that the second sulphur atom in thef} 
product of the action of sulphur monochloride on ethylene behaves 


e 


as if it were in solution in, and not in chemical combination with, | 


the sulphide, and the objects of the present series of investiga- 
tions are to show to what degree the instability of the dithio-group- 
ing is affected by the molecular condition of the remainder of the 
molecule and to compare the relative stability exhibited by corre- 
sponding dithio-ketones of the general formula R,C:S:S. 

The first compoun@ of the dithio-ketone series (III) was prepared 
by the action of sulphur monochloride on malonanilide in accordance 
with the equation : 

(NHPh:CO),CH, + Cl,S:S = (NHPh:CO),C:S:S + 2HCI. 
(III.) 
The formula given to it above is proved by the following con- 
siderations : 

(1) It is a dithio-ketone, that is, it is formed from one molecule 
of the anilide and one molecule of sulphur monochloride with the 
climination of two hydrogen atoms as hydrogen chloride. 

(2) The two hydrogen atoms are not supplied by the phenyl 
groups, because a dithio-ketone (IV) is produced from malondi- 
methylamide by a similar reaction : 

(NHMe:CO),CH, + Cl,S:S = (NHMe’CO),C:S:S + 2HCl 
(IV.) 
also 
(CH,Ph:NH-CO),CH, ++ Cl,S:8 = (CH,Ph-NH-CO),C:8:S + 2HCL 
(V.) 

(3) The two hydrogen atoms eliminated are not those which 

were originally attached to the two nitrogen atoms, because when 
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sulphur monochloride reacts with methylmalonanilide (VI)— 
which, it will be noted, cannot form a dithio-ketone on the methine 
arbon atom, but can readily do so if the two hydrogen atoms 
attached to nitrogen are those affected—there is formed a disulphide 
(VII) in accordance with the equation : 


, C1,S:s -q_~CMe(CO-NHPh) 
(VI.) (VIL.) 
Similar disulphides are produced when tertiary alkylated amides 
we employed. Thus the disulphide (VIII) is produced from 


nalondimethylanilide : 
iN re ««_~ CH(CO-NMePh) 
2CH,(CO-NMePh), > 8°S< Gi(CO-NMePh)," 


(VIII.) 


It should be added that these disulphides, unlike the dithio- 
derivative of “‘ mustard gas ’’ to which they are apparently related 
in composition, are stable substances. They are at present under 
investigation. 

(4) The dithio-ketones behave on hydrolysis in a manner which 
. msin accordance with that which might be expected from the pro- 

; psed formula. Thus, dithiomesoxanilide (III), on hydrolysis 
with alkali hydroxides, yields aniline and the alkali salt of a dithio- 
aid which probably has the structure [X, because it yields hydrogen 
sulphide by treatment with mineral acids : 

S:S:C(CO-NHPh), *°# PhNH, + 8:S:C(CO,K),. 
(II1.) — (LX.) 7 

(5) When dithiomesoxanilide (III) is treated with bromine, 
silphur bromide is produced, together with the compound (X), 
which is identical with that formed by the action of bromine on 
ualonanilide (Backes, West, and Whiteley, this vol., p. 373). It 
"Bs evident therefore that the reaction takes place thus : 
8:8:C(CO-NHPh),+3Br, -> SBr-SBr:C(CO-NH-C,H,Br),-+2HBr 

— §,Br, + CHBr(CO-NH-C,H,Br),. 
(X.) 

(6) On reduction with an alkaline solution of sodium hydro- 
wlphide dithiomesoxanilide is transformed into malonanilide and 
iydrogen sulphide : 

8:S:C(CO-NHPh), + 6H = 2H,S + CH,(CO-NHPh),. 

(7) The action of sulphur monochloride on diphenylbarbituric 
id also yields a dithio-ketone (XI) : 

\ CO:NPh~,,, Cl,S:S -o-~1-CO-NPh~y , 
CH<CO.NPhOCO => —S*S!C< G9. py> CO. 
(XT.) 
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It is clear, therefore, that the formule assigned to the dithio-ketones 
are correct. It may be added that their stability is such that the 
action of fuming nitric acid on, for example, dithiomesoxanilide 


leads to the formation of a tetranitro-compound (XII) and leaves Ij 


the dithio-group intact : 


S:S:C(CO-NHPh), —>  S:8:C(CO-NH-C,H,{[NO,],), 
(XIT.) 


Already, therefore, compounds of both dithio-ketone andj 
dithio-ether types have been isolated which exhibit a degree of F 
stability altogether different from that of the hypothetical dithio. 
derivative formed in the “‘ mustard gas” reaction. It is perhaps 
too soon to draw any definite conclusion, but the difference is so ff 
great that one is forced to consider whether in these reactions ff 
sulphur monochloride may not react in two forms, namely, SCI‘S(] 
and Cl,S:S. This question has led to much controversy, and the 
general opinion at the present time is that the second formula is §* 
the correct one. Indeed, it would be difficult to explain the forma- 
tion of “ mustard gas”’ on any other assumption. Still, if it can f* 
be assumed that the reagent can react in either form according 
to the conditions of the experiment and that in the experiments fF 
described in the present paper it reacts in the form of SCISC, 
the dithio-ketones and the disulphides would have the formule 
S F S-CH(CO-NHPh), 
&>C(CO NHPh), and §.CH(CO:NHPh), 
pounds of the latter type, for example, dithiosalicyclic acid (Fried- 
linder), ar8 known to have a high order of stability. Thes 
questions will form the subject of further investigation. 


respectively, and com- 


EXPERIMENTAL. 
Dithiomesoxanilide (IIT). 


Nine grams of malonanilide and 10 grams of sulphur monochloride 
(S,Cl,) were heated under reflux with 50 c.c. of dry benzene. 4 
soon as the benzene began to boil, hydrogen chloride gas wa 
vigorously evolved. After three hours the evolution ceased and 
the product was filtered and washed thoroughly with dry benzene 
to free it from the excess of sulphur monochloride. The solid 
residue, which was almost pure and appeared to be free from 
any precipitated sulphur, was difficultly soluble in acetone, from 
which it crystallised in short, colourless needles, m. p. 214—215 
(Found : N = 8-70; S'= 20-10. C,;H,,0,N,8, requires N = 846; 
S = 20-25 per cent.). 
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Two grams of this substance were boiled under reflux with a 
uge quantity of absolute alcohol for two hours in order to deter- 
nine Whether either of the sulphur atoms was separable. The 
wid, after filtration, was repeatedly extracted with carbon disulphide 
found : N = 9-12; S = 20-33 per cent. 

In order to see if the reaction took place in two stages, only half 
je quantity of sulphur chloride theoretically required was added 
» malonanilide and the condensation allowed to take place under 
he same conditions as before. The product was repeatedly boiled 
vith alcohol to free it from any unchanged malonanilide. Almost 
ne-half of the malonanilide was recovered and the other half was 
mpletely converted into a dithio-ketone. Thus the reaction appears 
to take place in one stage only, the substance [CH(CO*-NHPh),|S, 
not being formed. 

Nitration of Dithiomesoxanilide—A very vigorous reaction 
occurred when 5 grams of the anilide were treated with nitric 
aid (D 1-5), and the whole of the substance dissolved. The 
nitrated product slowly separated in fine crystals on further warm- 
ing. It was collected, washed with concentrated nitric acid and 
wih water, and dried, and then melted at 232—233° (Found: 
N= 16-72; S = 12-60. C,;H,O,)N,S, requires N = 16-93; S = 

129) per cent.). 

Hydrolysis of Dithiomesoxanilide—The anilide (15 grams) was 
hydrolysed by boiling for two hours under reflux with a solution 
‘Hof potassium hydroxide (10 grams) in water (16 grams). The 


4, giuuiline produced by the hydrolysis was extracted with ether and 


identified. From the aqueous solution a solid was isolated which 
racted with hydrochloric acid to produce hydrogen sulphide, 
ind was evidently potassium sulphide which had been formed 
luring the hydrolysis. 
Bromination.—Ten grams of dithiomesoxanilide (1 mol.) were 
tated with bromine (rather more than 3 mols.) in glacial acetic 
wid solution. The product, after spontaneous evaporation of the 
uetic acid, smelt of sulphur bromide. When the smell became 
tint the product was boiled with alcohol under reflux. The 
‘@ulution deposited on cooling light, white tufts, which melted sharply 
it 239° after repeated crystallisation. The substance was found 
0 be identical with the tribromomalonanilide prepared by the 
iiect bromination of malonanilide (Backes, West, and Whiteley, 
this vol., p. 373). 
ME Reduction of Dithiomesoxanilide —Malonanilide, m. p. 224—225°, 
vas produced when dithiomesoxanilide (10 grams), dissolved in 
wwiling aleohol (100 c¢.c.), was reduced by an alkaline solution of 
“dium sulphide by Brand’s method (Ber., 1909, 42, 3464). 
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Dithiomesoxodimethylamide (IV). 


This substance, prepared from malondimethylamide (1-5 grams 
and sulphur monochloride (about 2 grams) in the same way y 
dithiomesoxanilide, was difficultly soluble in absolute alcohd 
It separated from a concentrated solution in slender needles an 
ultimately as a crystalline powder which melted at 216—217 


(Found : N = 14-24; § = 33-24. C;H,O,N,S, requires N = 14.88. 


S = 33-33 per cent.). 


Dithiomesoxodibenzylamide (V). 


This substance was prepared from 4 grams of malondibenzylamik 
and 2 grams of sulphur chloride. The product was dissolved i 
absolute alcohol, from which it separated in fine, white crystak 
melting at 204° (Found: N= 857; S= 18-18. C,,H,,0,N,8 
requires N = 8-34; S = 18-61 per cent.). 


Malondimethylanilide Disulphide (V1I1). 


A mixture of 5 grams of malondimethylanilide, 50 grams of dryf,. 
benzene, and 2-7 grams of sulphur chloride was heated under reflux. 


for three hours. The action was not so vigorous as in the case of 
malonanilide. The product was washed with dry benzene to 
remove the unchanged sulphur monochloride, dissolved in hot 
acetic acid, and precipitated from the solution by hot water. This 
treatment was repeated until the substance had a constant melting 
point, 218—219° (Found: S= 10-52. C,,H,,0,N,8, requires 8= 
10-22 per cent.). 


Methylmalonanilide Disulphide (V11). 


Methylmalonanilide was prepared by heating a mixture o 
methyl methylmalonate (17 grams) and aniline (19 grams) for 
five hours at 140° and finally at 150—160° until the distillation of 
methyl alcohol ceased. After crystallisation from alcohol the 
product melted at 180°. 

A mixture of 10 grams of methylmalonanilide, 100 c.c. of dry 
benzene, and 5 grams of sulphur monochloride was heated under 
reflux. Evolution of hydrogen chloride began to take place at 
once. After three hours, the solid was collected, washed with 
dry benzene, and crystallised from absolute alcohol, when it Was 
obtained as a crystalline powder melting at 229—230° (Found: 
S= 11-01. C,,H3,0,N,S8, requires S = 10-70 per cent.). 
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5-Disulphido-1 : 3-diphenylbarbituric acid (X1). 


Sulphur monochloride (2-7 grams) dissolved in a small quantity 
‘Net benzene was gradually added to a boiling mixture of benzene 
50 cc.) and diphenylbarbituric acid (5-6 grams). The acid, 
hich was not soluble in benzene, rapidly disappeared and 
pydrogen chloride was evolved. After two hours, the brown 
quid was cooled and filtered, and the solvent allowed to evaporate. 
he residue was again dissolved in benzene and, after the solvent 
had evaporated, crystallised from a mixture of benzene and light 
retroleum, when it melted sharply at 181°. The molecular weight, 
_[Betermined by the cryoscopic method in benzene solution, was 
555 (Found: S = 19-20. C,,H,,O,N,8, requires S = 18-72 per 
ent.; M = 342). 


In conclusion, I take this opportunity of expressing my sincere 
rratitude to Prof. J. F. Thorpe and Dr. M. A. Whiteley for the 
een interest they have shown and the kind encouragement they 
have given me throughout this work. I also express my thanks 
» the Chemical Society for a grant from their Research Fund, 
hich has partly defrayed the expenses incurred in this investi- 
pation. 

IwreRIAL COLLEGE OF SCIENCE AND TECHNOLOGY, 

SoutH KENSINGTON. [ Received, December 31st, 1920. 


XLVI.—Complex Metallic Ammines. Part V.  cis- 
Succinatodiethylenediaminecobaltic Salts, and other 
Cobaltammine Salis containing a Seven-membered 
Ring in the Complex. 


By James Cooper Durr. 


Werxzr (Annalen, 1911, 386, 79) has obtained cis-malonato-salts 
tithe type 

- COON nly 

: CH,< Co-07 € Ny |x, 
‘taining a six-membered ring. He failed to obtain crystalline 
its containing an additional carbon atom in the ring when he 
ted succinic, malic, and tartaric acids. He also found (loc. cit., 
).27) that the alkylenediamines can only be used to prepare crystal- 
ite metallic ammines when forming a ring of not more than five 
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or six members with the cobalt atom. The maximum number ¢ 
atoms in each ring system need not be the same, however, as oxyge 
atoms are exclusive to one type of ring system, and nitrogen atom 
to the other. 

Price and Brazier (T., 1915, 107, 1373), by introducing sulphu 
into the carbon chain, have obtained an eight-membered ring ij 
salts of the type 


SO, cH pad 0>Co en, |X. 
It was therefore thought that the reaction of succinic acid, an 
similar acids, with carbonatodiethylenediaminecobaltic salts shoul 
be further investigated. 

Werner has characterised compounds obtained from dibasig 
acids, like oxalic and malonic acids, as cis-compounds (Annalen 
1911, 386, 10). Malic and tartaric acids, in which the carboxy 
groups are averted from each other, are not suitable acids for th 
formation of rings with the cobalt atom in the complex. Succini 
acid, although it can form an anhydride, is regarded as having ; 
configuration similar to that of fumaric acid (Bruni, Aéti R. Accad 
Lincei, 1904, [v], 13, i., 626). Price and Brazier (T., 1915, 107, 
1719) consider that the hydroxyl groups at least must be avert 
from each other. As will be shown later, the reaction of succinic 
acid with carbonatodiethylenediaminecobaltic bromide is very 
similar to that of fumaric acid and different from that of all the 
other acids examined. Succinic anhydride behaves differently from 
succinic acid and readily gives the various succinato-salts. In th& 
experimental part it will be seen, however, that succinic acid cal 
be used to produce the hydrogen succinate, 

bey vo p> en, |COyCH,'CH,-CO,H, 
in a crystalline form. The conditions of the preparation suggest 
that at the higher temperatures used the hydroxyl groups in succini¢ 
acid become more labile and render the molecule more suitable for 
entering into ring-formation. 

Mesotartaric, maleic, dibromosuccinic, itaconic, and citraconie 
acids, in which the carboxyl groups are in the cis-position, all give 
crystalline cobaltammine salts of the desired type. 

Tartaric, malic, and mesaconic acids produce viscid syrups which 
can not be made to solidify. Fumaric acid, though giving 0° 
crystalline salts, behaves in an exceptional manner. In these four 
acids the carboxyl groups are averted from each other. The results 
prove that only when the carboxyl groups are in the cis- -position 
can a seven-membered ring be obtained in the complex. Solutio; 


its pro 
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The preparations were made in the manner described in Part 1V 
(1. 1920, 117, 1072), and the bromides were proved not to be diaquo- 
alts by the method set forth in Part I (T., 1915, 107, 1370). 


EXPERIMENTAL. 


cis-Succinatodiethylenediaminecobaltic Salis, YX, where 
H,°CO-O [ 
=~ | &Hc0.0> tli. | 

The bromide, Y Br,2H,O, separated in minute, brownish-red plates 
when 1-6 grams of succinic anhydride were added to a boiling solu- 
tin of 5 grams of carbonatodiethylenediaminecobaltic bromide in 
100 c.c. of water, and the solution, after being boiled for two minutes, 
was concentrated to a small bulk and left in the ice chest (Found: 
Oo=1431; Br=19:27; H,O = 8-83. C,H,.0,N,BrCo,2H,O 
requires Co = 14-35; Br = 19-45; H,O = 8-76 per cent.). 

The foregoing product was not obtained in crystalline form by 
the interaction of succinic acid and the carbonato-bromide in 
boiling solution, or even at 105° under pressure. Concentration and 
subsequent cooling led to a clear, red jelly which readily formed 
ared powder when stirred with alcohol. This powder only formed 
the jelly-like product when it was redissolved in water, although 
its properties corresponded with those of the succinato-bromide. 

The nitrate, YNO,,2H,O, was obtained in microscopic, brownish- 
red, elongated plates by precipitating a solution of 3 grams of the 
bromide with 1-24 grams of silver nitrate, and concentrating the 
filtrate to a small bulk (Found : Co = 14-84; N = 17:66; H,O= 9-34. 
(,H,90,N,Co,2H,O requires Co = 15-01; N = 17-85; H,O = 9:16 
per cent.). 

The hydrogen succinate, Y°CO,*CH,*CH,*CO,H,4H,0, was obtained 
by adding 4-44 grams of succinic acid to a boiling solution 
of the carbonato-base prepared from 6 grams of the carbonato- 
bromide in 120 c.c. of water and 4 grams of freshly prepared, moist 
silver oxide. The resulting solution, after being boiled for five 
minutes, was evaporated to low bulk and a little alcohol stirred in. 
The product was obtained in microscopic crystals, and after recrys- 
lallisation from water in brownish-red, elongated plates. The 
yield was 4-25 grams (Found: Co = 12:07; N = 11-73; H,O = 
1483. C,,H,,O,N,Co4H,O requires Co = 12-18; N= 11-57; 
H,0 = 14-87 per cent.). 

The presence of some succinato-bromide in the amorphous powder 
obtained by the action of succinic acid on the carbonato-bromide 
Was proved by converting it into the hydroxide by shaking in 
‘ution with moist silver oxide and adding a molecular equivalent 
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of succinic acid to the filtrate. On evaporation, brownish-red plates 
of the hydrogen succinate were obtained. (Found: Co = 1247. 
H,O = 14-62 per cent.). 


cis-Maleatodicthylenediaminecobaltic Salis, YX, where 
CH:CO-O 
sige [teeoo-o” a ens | 

The bromide, YBr,2H,O, was obtained in minute, brownish-red 
crystals by adding 1-82 grams of maleic acid to a hot solution of 
5 grams of the carbonato-bromide in 100 c.c. of water, boiling for 
five minutes and then evaporating to low bulk (Found: Co = 1455; 
Br = 19°83; H,O=8-89. C,H,,0,N,BrCo,2H,O requires Co= 
14-45; Br = 19-54; H,O = 8-80 per cent.). 

The bromide in aqueous solution does not give a precipitate with 
a solution of barium hydroxide. This indicates that all the maleato- 
radicle is in the complex. 

The nitrate, YNO;,H,O, was obtained in minute, brownish-red 
crystals from the bromide in the same way as the succinato-nitrate 
(Found: Co = 15-91; N = 18-59; H,O = 4-62. C,H,,0,N;Co,H,0 
requires Co = 15-81; N = 18-76; H,O = 4-82 per cent.). 

The hydrogen maleate, Y-CO,-CH:CH°CO,H, was obtained in 
minute, pink, flattened needles in the same way as the corresponding 
succinato-salt (Found: Co = 14:55; N = 13-88. C,,.H,,0,N,Co 
requires Co = 14-45; N = 13-72 per cent.). An aqueous solution 
of the salt gives a white precipitate with a solution of barium 
hydroxide, indicating that the salt is a maleate. 


cis- Vesotartratodiethylenediaminecobaltic Salts, YX, where 
> _ | HO*CH-CO-O~ 
¥ =| podtrcoo° °° ™ | 

The bromide, YBr,2H,O, was prepared in the same way as the 
maleato-bromide from 1-41 grams of mesotartaric acid and 3 grams 
of the carbonato-bromide, and was obtained in minute, brownish- 
red crystals (Found: Co = 13-12; Br= 17-80; H,O = 826. 
C,H.,0,N,BrCo,2H,0 requires Co = 13-31; Br = 18-03; H,O = 818 
per cent.). 

The hydrogen mesotartrate, Y-CO,*CH(OH)*CH(OH)-CO,H,H,0, 
was obtained in minute, pink crystals from two molecular propor 
tions of mesotartaric acid and one of the carbonato-hydroxide in 
the usual way (Found: Co = 11:80; N= 11-44; H,O= 3°74. 
C,.H,,0,.N,Co,H,O requires Co = 11-94; N = 11-33; H,O =3# 
per cent.). 
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cis- Dibromosuccinatodiethylenediaminecobaltic Salts, YX, where 


Y= lf GHEY CO co en, |. 


CHBr’CO-0 


The bromide, YBr,2H,O, was obtained in minute, purplish-red 
aystals by stirring 4-32 grams of dibromosuccinic acid into a boiling 
lution of 5 grams of the carbonato-bromide in 120 c.c. of water 
and evaporating the solution at 60° under diminished pressure to 
prevent hydrolysis of the dibromosuccinic acid (Found: Co = 
1025; N = 10-28; H,O = 6-49. C,H,,0,N,Br,Co,2H,O requires 
(o= 10:36; N = 9-84; H,O = 6-33 per cent.). 

The nitrate, YNO,, was obtained in purplish-pink, minute crystals 
fom the bromide and silver nitrate (Found: Co = 11-62; N= 
1366. CsH,,0,N;Br,Co requires Co = 11-45; N = 13-59 per 
cent.). 

The normal dibromosuccinate, Y°CO,°CHBr-CHBr-CO,°Y, was 
obtained in the attempt to prepare the hydrogen dibromosuccinate 
fom two molecular proportions of the acid and one of the carbo- 
uato-base. Evaporation under diminished pressure and addi- 
tin of alcohol caused, the normal salt to separate in pale mauve, 
ninute crystals (Found: Co = 10-15; N=9-83; Br = 39-72. 
(ygH,s0,.N,Br,Co, requires Co = 10:00; N=950; Br = 40-05 
per cent.). 


cis-/ pompecer at iaminecobaltic Hydrogen Itaconate, 


C-CO : 
= en ie >Co eng |CO,'C,H,-CO,H,5H,0. 


This, the only salt prepared from itaconic acid, was obtained in 
the same way as the succinato-hydrogen succinate, from itaconic 
aid (2 mols.) and the carbonato-base (1 mol.). The salt crystal- 
ised in brownish-red, flattened needles (Found: Co = 11-06; 
Y=10-47; H,O = 17-04. C,,H,;0,N,Co,5H,0 requires Co = 
lll7; N= 10-64; H,O = 16-92 per cent.). 


cis-Citraconatodiethylenediamine Hydrogen Citraconate, 


ee eng |CO,-C3H,CO4H, 
ms obtained in minute, pink needles, prepared in the same way as 
he last-mentioned compound (Found: Co = 13:39; N = 12-71. 
(yH,,0,N,Co requires Co = 13-53; N = 12-84 per cent.). 

The use of fumaric acid in the same way as that of maleic acid« 
nattempts to prepare the bromide, nitrate, and hydrogen fumarate 
tepectively, led in each case to a clear, red jelly, which gave a 
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quantitative yield of pink, amorphous powder when stirred with an 
excess of alcohol. The respective powders could not be crystal. 
lised from water. The analyses and reactions corresponded with 
those of the expected salts, but the substances were apparently of 
a more complex nature. 

Mesaconic acid used in the same way as fumaric acid produced 
only non-crystallisable syrups similar to those obtained with tartaric 
and malic acids. 

All the bromides described gave pink, amorphous precipitates of 
indefinite composition with mercuric bromide in potassium bromide 
solution. With chloroplatinic acid the bromides and nitrates gave 
brownish-pink precipitates. 

Many cobaltammine salts containing the radicle of a dibasic acid 
in the complex have now been prepared. The influence of the 
various acid radicles on certain physical properties of the salts will 
be described later. The introduction of radicles of dibasic, aromatic 
acids is now under investigation. 


The author’s thanks are due to Dr. T. Slater Price for facilities 
which have made this work possible. 
CHEMICAL DEPARTMENT, 


Muntcirpat TECHNICAL SCHOOL, 


BIRMINGHAM. 
| Received, February 3rd, 1921.] 


XLVII.—Compounds of Hexamethylenetetramine with 
Complex Metallic Salts and Acids. 


By PRIyADARANJAN RAy and Putin Vrnari SARKAR. 


SEVERAL workers have already shown that hexamethylenetetramine 
combines with various metallic salts to form molecular or additiv 
compounds similar to those formed by ammonia (Partesi, azzella, 
1883, 13, 437; Moschatos and Tollens, Ber., 1891, 24, 695; Annalen 
1893, 272, 271; Ley, Annalen, 1894, 278, 57; Compt. rend., 18% 
119, 1211; 1895, 120, 743; Schwartz, Chem. Zeit., 1890, 14, 787 
Hofmann, Ber., 1906, 39, 3181; Bergell, Deut. med. Woch., 1907 
33, 55; Schmiz, Ber. Deut. pharm. Ges., 1910, 20, 201; Calzolari 
Ber., 1910, 43, 2217; Barbieri and Calzolari, Atti R. Accad. Lincei 
1910, [v], 19, ii, 584; 1911, [v], 20, ii, 119, 161; Zeitsch. anorg 
Chem., 1911, 71, 347; Scagliarini, Atti R. Accad. Lincei, 1912, lv 
21, ii, 151, 642; Calzolari, ibid., 1913, [v], 22, i, 787; Barbier 
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ibid., 1914, |v], 23, ii, 8; Rossi, Gazzetta, 1913, 43, ii, 669; Scag- 
liarini and Rossi, Atti R. Accad. Lincei, 1913, [v], 25, ii, 506; 
Vanino and Sachs, Arch. Pharm., 1913, 25, i, 292; Calzolari and 
Tagliavini, Atte R. Accad. Lincei, 1915, [v],24, i, 925; Vanino and 
Schinner, Arch. Pharm., 1914, 252, 449; Scagliarini and Marangoni, 
Atti R. Accad. Lincei, 1914, [v], 23, ii, 1214). In the present 
paper compounds of hexamethylenetetramine with complex 
metallic salts and acids are described. All these compounds are 
more or less soluble in water, the compounds with acids being 
much less soluble than those with salts. 

They are all beautifully crystalline, additive compounds, which 
decompose in solution into their constituents. The additive 
nature of these compounds has been conclusively proved by 
determining the molecular conductivities in certain cases. 

The compounds with complex acids have the compositions given 
in the experimental portion of this paper; they should be viewed 
as simple, molecular compounds and not as the acid salts of hexa- 
methylenetetramine, because the latter are not likely to be formed 
by such a very weak base. Wagener and Tollens (Ber., 1906, 39, 
410) have described compounds of hydroferro-, hydroferri-, and 
hydrocobalti-cyanic acids with hexamethylenetetramine of the 
general composition A,2B,zH,O. Although the methods of prepar- 
ation are very similar to those employed by us, it cannot be 
definitely stated whether these different results are due to the 
actual existence of different compounds under different conditions 
or to the impurities which they admitted were present in their 
preparations. 

Another series of compounds has been obtained, which may be 
dassified with the above series as molecular compounds of hexa- 
methylenetetramine with mineral acids, or unstable, complex 
etallic acids and metallic salts, or as compounds of hexamethyl- 
enetetramine salts of complex or simple acids, metallic salts, 
and free hexamethylenetetramine. Similar cases, in which 
instable, complex metallic acids were stabilised by hexamethylene- 
tetramine, have already been described by previous workers. 
Their compositions are represented by the following formule : 


2CdI,,2H1,3C,H,.N, or CdI,,H,CdI,,3C,H,.N,. 
2HgI,,2H1I,3C,H,.N, or Hgl,,H,Hgl,,3C,H,.N,. 
2Cr(SCN),,3HSCN,5C,H,.N, or HyCr(SCN),,Cr(SCN)3,5C,H.N,. 
SnCl,, HC1,C,H,.N, or SnCl,,H,SnCl,,2C,H,.N,. 
28nCl,,HC1,3C,H,.N,,4H,O or 38nCl,,H,SnCl,,6C,H,.N,4,8H,0. 
A similar compound is also formed with chloroplumbic acid, but 


8 it readily decomposes the composition cannot be determined. 
P2 
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EXPERIMENTAL. 
Compounds of Hexamethylenetetramine. 


With Sodium Nitroprusside.—Pale brown crystals of the double 
compound separated at once when concentrated solutions of sodium 
nitroprusside and hexamethylenetetramine were mixed. They 
were drained, washed with a little water and with alcohol, and dried 
in the air or in a vacuum over sulphuric acid. They were readily 
soluble in water, giving a brownish-red solution. 

Iron was estimated as ferric oxide after the substance had been 
heated with concentrated sulphuric acid. Hexamethylenetetramine 
was estimated, after the complex acid had been precipitated as 
the cadmium salt by the addition of a concentrated solution of 
cadmium sulphate and the filtrate had been evaporated to dryness 
on the water-bath, by adding standard sulphuric acid and titrating 
the excess with standard alkali (compare Base, Pharm. Zeit., 1907, 
52, 851) (Found: Fe=92, 92; CO,.H,.N,= 244, 245. 
Na,Fe(CN),(NO),C,H,.N,,11H,O requires Fe = 93; C,H,.N,= 
23°3 per cent.). 

With Potassium Ferricyanide.—This compound was obtained as 
a golden-yellow, crystalline precipitate when a saturated solution 
of potassium ferricyanide was mixed with a saturated solution of 
hexamethylenetetramine. It was dried and analysed as de- 
scribed above (Found: Fe = 90, 9°05; CgH,.N, = 21°6, 214. 
K,Fe(CN),,C,H,,N,,9H,O requires Fe = 8°9; C,H,.Nq = 22°2 per 
cent.). 

Action of Hexamethylenetetramine on Potassium Ferrocyanide. 
—When a saturated solution of potassium ferrocyanide was mixed 
with a saturated solution of hexamethylenetetramine, a pale lemon- 
yellow, crystalline precipitate was formed, which proved to be 
partly dehydrated potassium ferrocyanide (Found: Fe = 14%. 
K,Fe(CN),,1$H,O requires Fe = 14°18 per cent.). 

With Potassium Cobalticyanide.—Saturated solutions of potassium 
cobalticyanide and hexamethylenetetramine, on being mixed 
together, gave a white, crystalline precipitate (Found: Co= 
10°71, 10°2; C,H,N, = 230, 23:2. K,Co(CN),,C,H,.N,,6$H,0 
requires Co = 10°01; CgH,.N, = 23°76 per cent.). 

With Potassium Chromicyanide.—A very pale-brown precipitate 
was obtained when saturated solutions of hexamethylenetetramine 
and potassium chromicyanide were mixed. The product was of 
indefinite composition. It contained chromicyanidion as well a 
hexamethylenetetramine, and was probably a mixture of different 
compounds. 

Action of Hexamethylenetetramine on Sodium Cobaltinitrite.—When 
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a solution of the base was added to a solution of sodium cobalti- 
nitrite, a deep yellow precipitate was formed, which was very 
sparingly soluble in water and was easily decomposed by dilute 
acids. From the analysis of the compound (Found: Co = 10°5, 
Na= 40, C= 19°15, H = 4°8, N = 25:3. The formula requires 
Co = 10°4, Na = 4°1, N = 24°7, C= 19°0, and H = 5:1 per cent.) 
it would appear that in the presence of hexamethylenetetramine 
sodium cobaltinitrite was first converted into sodium tetranitrito- 
diaquocobaltate, which then combined with hexamethylenetetramine 
to form the sparingly soluble compound. The reactions may be 
represented by the equations : 


Na,[Co(NO,),] + 2H,O = Na[Co(NO,),(H,O).] + 2NaNO, 
2Na[Co(NO,),(H,0).] + 3C,H,.N, + 6H,O 
= 2Na[Co(NO,),(H,0),],3CgHi2N,,6H,0. 


With Cadmium Iodide.—When concentrated solutions of cadmium 
iodide (or of cadmium sulphate and potassium iodide) and hexa- 
methylenetetramine were mixed, a white, crystalline precipitate of 
the double compound was formed (Found: Cd = 23°8; C,H,.N, 
[by combustion] = 20:2. 3CdI,,2C,H,.N, requires Cd = 24°3; 
(,H,.N, = 20°3 per cent.). 

With Hydroferrocyanic Acid.—A white, crystalline precipitate was 
obtained by mixing solutions of hexamethylenetetramine and 
freshly prepared hydroferrocyanic acid or potassium ferrocyanide 
(in the latter case the mixture was acidified). When perfectly dry, 
the compound was moderately stable, but in moist air it gradually 
developed a faintly yellow tint and after some days became green, 
owing to slow decomposition and the formation of Prussian blue. 
In the presence of an excess of hexamethylenetetramine, however, 
it dissolved, forming a slightly yellow solution, the colour of 
which intensified on keeping. When the solution was evaporated 
in @ vacuum over sulphuric acid, lemon-yellow crystals of a 
second compound were obtained. The substance was moderately 
stable. 

Hexamethylenetetramine was estimated as in the case of the 
sodium nitroprusside and the potassium ferrocyanide compounds, 
but in this case the amount of free acid liberated by hydroferro- 
tyanic acid from cadmium sulphate had to be taken into considera- 
tin in calculating the percentage of hexamethylenetetramine. 
This amount was known from the percentage of iron. The result 
was confirmed by the estimation of nitrogen by Dumas’s method 
Found for the white compound: Fe =11°7; C,H,.N, = 37°. 
3H,Fe(CN),,4C,H,,N,,13H,O requires Fe = 11°66; C,HN, = 
388 per cent. Found for the yellow compound: Fe = 11°7; 
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CgH,.N, = 49°4. 3H,Fe(CN),,5C,H,.N,44H,O requires Fe = 
11°75; CsH,N, = 49°0 per cent.). 

With Hydroferricyanic Acid.—Solutions of potassium ferricyanide 
and hexamethylenetetramine were mixed and acidified with dilute 
hydrochloric acid, when bright yellow crystals were deposited, 
The compound was moderately stable in the dry state, but decom- 
posed slowly on keeping, Prussian blue being formed and hydrogen 
eyanide evolved (Found: Fe =11'2, 11°2; C,H N, = 369. 
3H,Fe(CN),,4C,H,.N,,16H,O requires Fe = 11°25; C,H,.N,= 
37°5 per cent.). 

With Hydrocobalticyanic Acid.—This compound was prepared 
from potassium cobalticyanide in a similar way. The white, 
crystalline substance obtained was quite stable in the dry state 
(Found : Co = 12°6; C,H,.N, = 42°3. 3H,Co(CN),.4C,H,.N,.9H,0 
requires Co = 12°86; C,H,.N, = 40°0 per cent.). 

With Cadmium Iodide and Hydriodic Acid.—To a solution con- 
taining cadmium iodide and potassium iodide, a solution of hexa- 
methylenetetramine was added. No precipitation occurred at the 
dilution employed, but on acidifying with dilute hydrochloric acid 
a white, crystalline precipitate was obtained (Found : Cd = 1600; 
I = 54°30; C,H,.N, [by combustion] = 30°65. 2CdI,,2HI,3C,H,,N, 
requires Cd = 15°91; I = 54°12; C,H,.N, = 29°82 per cent.). 

With Mercuric Iodide and Hydriodic Acid.—This compound was 
prepared from mercuric icdide in a similar way, when a lemon- 
yellow, crystalline precipitate was obtained after the addition of 
hydrochloric acid (Found: Hg = 25°03; I = 48°00; C,H,,N, [by 
combustion] = 26°5. 2HglI,,2HI,3C,H,.N, requires Hg = 25°25; 
I = 481; C,H,.N, = 26°51 per cent.). 

With Chromic Thiocyanate and Thiocyanic Acid.—A _ solution 
of hexamethylenetetramine was mixed with a solution of potass- 
ium chromithiocyanate. On acidifying with dilute hydrochloric 
acid an amethyst-violet, crystalline precipitate was obtained. 
The substance gradually decomposed on keeping (Found: 
Cr= 792; SCN= 389; (C,H,.N, [by combustion] = 504. 
2Cr(SCN)3,3HSCN,5C,H,,.N, requires Cr = 7°82; SCN = 392; 
CgH,.N, = 52°67 per cent.). 

With Stannous Chloride and Hydrochloric Acid.—This compound 
was obtained as a white precipitate when a solution of hexamethyl- 
enetetramine was added to a solution of stannous chloride and 
hydrochloric acid (Found : Sn = 32:1, 32°2; Cl = 28°45; CgHypN, 
[by combustion] = 37°52. SnCl,,HCl,C,H,.N, requires Sn = 32°47; 
Cl = 29°00; C,H,.N, = 38:2 per cent.). 

With Stannic Chloride and Hydrochloric Acid.—A white, crystalline 
precipitate was obtained from stannic chloride in a similar manner 
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(Found: Sn = 23°01; Cl= 3071; C,H,,N, [by combustion] = 
1. 2SnCl,,HC1,3C,H,.N,4H,O requires Sn = 22°8; Cl = 30°04; 
(,H,2N, = 40°0 per cent.). 

With Tetrathiocyanatodiamminechromic Acid.—To a solution of 
Yorland’s salt (ammonium tetrathiocyanatodiamminechromate) 
xidified with dilute hydrochloric acid a solution of hexamethylene- 


com- 

rogen @ tetramine was added. A pale rose, crystalline precipitate was 

36°9. Hf obtained (Found: Cr = 12°1, 12:71; S=294; N=290; C= 

N,= §§ 33. 4H[Cr(SCN),(NHg).],3C,H,.N, requires Cr= 122; N= 
97; C = 240; N = 29-4 per cent.). 

are The same compound was also obtained without the addition of 

hite, § hydrochloric acid; in this case ammonia was liberated from the 

state @ solution. 

/H,0) A golden-yellow, crystalline compound, 

4H[Co(NO,),(NH3)2],3CgHj5N4, 

con- § analogous to the preceding, was prepared from tetranitrodiammine- 

exa- § cobaltic acid and hexamethylenetetramine. 

; the 

4 Conductivity Measurements. 

aN, The electrical conductivities of hexamethylenetetramine and of 


the compounds described above were measured in aqueous solution. 


Cell constant — 0°167. 


Molecular 


n of Name dilution, 
[by in litres My Temp. 
D5: Hexamethylenetetramine  ........-..0.0.0+0+0 — negligible 25°8° 
— Potassium cobalticyanide compound ...... 999 370°8 25°35 
Hydrocobalticyanic acid compound ......... 1049 922 25°35 
ion Sodium nitroprusside compound ............ 1385 236 25°8 
Potassium ferricyanide compound _......... 592 421 25°65 
ass- “ ie rye rea za 1184 460°2 26°3 
orie Hydroferricyanic acid compound ............ 1380 1098 25°7 
Hydroferricyanic acid compound (white 
ed. pe RRR aa Rant eI 192 801°6 24-9 
rd: Hydroferricyanic acid compound (white 
4 NE . - chnisssceneseensiasintintonegneniaeineenes 384 963°4 am 
. Hydroferricyanic acid compound (white 
9: es ennliaiaiRenen iceemine me 768 1140 m 
Hydroferrocyanic acid compound (yellow 
IED cdnonsnsincccscacncecscesncnnnevsensenenees 224 679°2 25 
ind Hydroferrocyanic acid compound (yellow 
A ang deen ee LE 448 814°8 a 
. Hydroferrocyanic acid compound (yellow 
nd TD. . Satnapestcnciapiioumiienpercsiptinnenines 896 957°5 " 
N, Hydroferrocyanic acid compound (yellow 
* ED aanrc caisncbegnaiadsntcecnabiancins 1792 1137-0 
At 25°, the equivalent conductivity of sodium nitroprusside is 
ne @ 1093 (v = 1024), and of potassium ferricyanide 158°6 (v = 512) 
et @ and 163°6 (v = 1024). A comparison of these values with the 
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molecular conductivities recorded in the table shows that the 
compounds of hexamethylenetetramine with sodium nitroprusside 
and with potassium ferricyanide respectively must have the con- 
positions given to them, because the molecular conductivities agree 
moderately well with those of the free salts, the compounds being 
completely broken up into their components in aqueous solution, 
In the case of the two compounds with hydroferrocyanic acid 
(containing 3H,Fe[CN],), the molecular dilution must be divided 
by 3, and the molecular conductivity at the corrected dilution 
compared with the molecular conductivity of the free acid at the 
corresponding dilution. The values thus deduced agree moderately 
well with the known values for the free acid (ig, = 1000; p49. = 
1064; pigsg = 1134; psyo = 1214; py904 = 1301, at 25°). 

The molecular conductivities of hydroferricyanic acid are not 
known, as the acid is very unstable, but the approximate magni- 
tudes may be deduced from the values of the molecular conduc- 
tivities of its compound with hexamethylenetetramine. 


Our best thanks are due to Prof. Sir P. C. Ray for his kind 
encouragement. 


CHEMICAL LABORATORY, 
COLLEGE oF SCIENCE, CALCUTTA. (Received, January 10th, 1921.] 


XLVIII.—The Interaction of Sulphur Monochloride 
and Substituted Ethylenes. 


By Wit11amM Jackson Popr and JAMES LEONARD BRIERLEY SMITH. 


Stuyce it has been shown (Gibson and Pope, T., 1920, 117, 271) 
that ethylene is absorbed by sulphur monochloride with production 
of 68’-dichlorodiethyl sulphide in accordance with the equation : 
2CH,:CH,+8,Cl,=(CH,Cl*CH,).8-+8, 

it became desirable to ascertain whether a similar reaction occurred 
with derivatives of ethylene. Sulphur monochloride, purified by 
distillation with sulphur and absorbent charcoal under 11 mm. 
pressure, was found not to act upon trichloroethylene on prolonged 
boiling; on heating the mixture in a sealed tube at 140—150° for 
some hours a clear, yellow liquid was obtained which soon deposited 
crystalline sulphur, and on distillation yielded a few drops of an 
evil-smelling, red oil and a large amount of pentachloroethane 
boiling at 160°. Sulphur monochloride thus acts merely as 4 
chlorinating agent on trichloroethylene. 
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The homologues of ethylene, propylene, and $-butylene, were 
fund to act upon sulphur monochloride in precisely the same 
nanner as does ethylene itself; it is thus shown that the equation 
ven above represents a general reaction of the ethylenic hydro- 


carbons. 
EXPERIMENTAL. 
88’-Dichlorodipropyl Sulphide, (CHMeCI-CH,),S. 


Sulphur monochloride is introduced into a series of absorption 
bulbs, which can be vigorously shaken by mechanical means, im- 
nersed in a water-bath for the purpose of regulating the temper- 
ature. Carefully dried propylene, prepared by the action of n-propyl 
ilecohol on phosphoric acid in the manner described by Newth (T., 
191, 79, 915), is then passed through the bulbs at such a speed 
that some escapes absorption; at temperatures above 30° absorp- 
tin commences after a short time, and proceeds with increasing 
yeed until a maximum rate is attained. The rate at which 
propylene is absorbed by sulphur monochloride increases rapidly 
vith rise of temperature; absorption proceeds about twice as fast 
at 100° as at 60°. 

The reaction between propylene and sulphur monochloride is 
attended by a large evolution of heat which renders necessary very 
dficient regulation of the temperature; with the apparatus which 
ve employ it is impossible to treat more than 10 grams of sulphur 
nonochloride with propylene at any temperature below 100° with- 
out the evolution of torrents of hydrogen chloride and the produc- 
tion of a black, resinous product which gives but a small yield of 
%'-dichlorodi-n-propyl sulphide on distillation. The failure of 
Coffey (this vol., p. 94) to prepare the sulphide by the method now 
described must be attributed to inefficient temperature control. 

When the reaction proceeds below 70° the product is a pale yellow 
iil from which crystalline sulphur is generally deposited after cool- 
ing; when absorption proceeds at 80—100° a dark-coloured oil 
rsults, which deposits a large amount of crystalline sulphur on 
“ling in the absorption bulbs. In either case almost exactly two 
uolecular proportions of propylene are absorbed by each one of 
ulphur monochloride. It is noteworthy that the catalytic hasten- 
ig of the absorption of gas by the sulphur monochloride, which 
Gibson and Pope showed to follow a preliminary addition of 8’-di- 
thlorodiethyl sulphide, is not observed in the case of propylene; an 
addition of an already formed reaction product does not influence 
berceptibly the rate of absorption of propylene. 

On distillation under 11 mm. pressure, 88’-dichlorodipropyl 

p* 
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sulphide, (CHMeCI°CH,),S, passes over at 105—106° as a colourlesdan 
oil, whilst a dark, viscid liquid remains which consists largely offyith 
sulphur; the yield of sulphide is about 80 per cent. of thathye e 
theoretically possible (Found : C = 38-07; H = 6°38; Cl = 38-13 donvey 
St 17-24. (C,H,,Cl,S requires C = 38-50; H = 6-42; Cl = 37-97 fyp ay 
S = 17-66 per cent.). Contrary to the statement of Coffey, thiging 
substance exerts a considerable vesicant action on the skin; a smal absory 
drop placed on the forearm caused a painful, red swelling after ten yolect 
hours and the whole limb became rather painful. exactl 

The sulphide is oxidised vigorously by cold nitric acid, and thefiight ; 
clear solution deposits an oil on dilution which is probably thafig; i 
sulphoxide; this on heating at 100° with nitric acid is converted a pale 
into another oily substance, probably the corresponding sulphone§emair 
which also refuses to crystallise. On prolonged boiling with 60 per§090? a: 
cent. nitric acid the sulphide yields a vapour with the odour off Whe 
chloropicrin, and when evaporated the residual solution is found pale y 
to contain sulphuric acid; after treatment with barium carbonate§ongist 
filtration, and evaporation, a soluble barium salt is obtained whichiition o 
may be purified by crystallisation from water, in which it is very butyl 
soluble. This compound is barium 8-chloropropanesulphonate§ oils ; 
(CHMeCl-CH,°SO,),Ba,2H,O, which crystallises in colourless scales smew 


(Found: H,O = 7-07. C,H,,0,Cl,8,Ba,2H,O requires H,0 ={conyer 
773 per cent. Found in anhydrous salt: Ba = 3057§foun¢ 
C,H,,0,Cl,8,Ba requires Ba = 30-37 per cent.). §=14 
left on 

88’-Dichlorodi-sec.-butyl Sulphide, oe y 
(CHMeCl-CHMe),S. -_ 

e 

The 8-butylene required for the preparation of this compound§oi] whi 
was made by the action of phosphoric acid on n-butyl alcohol asfture of 


described by King (T., 1919, 145, 1404), who showed that the 
product is almost pure §-butylene, CHMe:CHMe. On passing 
well-dried $-butylene through sulphur monochloride in the manne 
already described, absorption proceeds with great rapidity; com#i 
parative experiments showed that this hydrocarbon is absorbe 
about ten times as fast as ethylene by sulphur monochloride # 
60°. The speed of absorption increases rapidly as the temperaturti 
is raised, and proceeds from four to five times as fast at 100° asa 
30°. As with propylene, the addition of preformed reactiolr 
product to the sulphur monochloride does not appreciably hastelf{solutior 
the absorption of the $-butylene. extreme 

As in the case of propylene absorption, the reaction is attendelfivater 4 
by a large heat evolution which renders efficient temperature 0O"@proves | 
trol essential, and the reaction proves uncontrollable when mor 
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lourles@ihan 10 grams of sulphur chloride are treated in our apparatus 
‘gely offyith @-butylene at 100°; in this event torrents of hydrogen chloride 
of thatye evolved, and a black, resinous product results. The most 
: 38:13 Jonvenient mode of operation consists in starting the absorption at 
- 37-97 f° and raising the temperature during one hour to 100°, the gas 
*y, thiglieing passed through at such a rate that some escapes unabsorbed ; 
a smallf,bsorption ceases in about an hour from the commencement. Each 
iter tetimolecular proportion of sulphur monochloride absorbs almost 
aactly two of 8-butylene. The product of absorption at 100° is a 
light brown oil which. yields a copious deposit of sulphur on cool- 
ing; if the temperature does not rise above 80° during the reaction, 
a pale yellow oil results, which gives no deposit of sulphur on 
lphone§rmaining at the ordinary temperature, although, on heating the oil to 
60 pemgi00° and seeding after cooling, some crystalline sulphur is deposited. 

lour off When the reaction product is distilled under 11 mm. pressure a 
| foundfpale yellow oil passes over at 120—160° and a dark, viscid resin, 
bonategronsisting mainly of sulphur, remains behind; fractional distilla- 
| whichftion of the oil under reduced pressure yields 86’-dichlorodi-sec.- 
is very§hutyl sulphide as an oil, which has a faint yellow tint and 
honate,A boils at 121—122°/11 mm. The sulphide has a faint odour 
s scalefsomewhat recalling that of 88’-dichlorodiethyl sulphide, and is 
H,0 =fconverted into a white, resinous solid on immersion in liquid air 
30574 Found : Cl = 32°85; S = 14-71. C,H,,Cl,8 requires Cl = 33°02; 
$= 1489 per cent.). It is almost without vesicant action; a drop 
lft on the back of the hand for eight hours caused no inconveni- 
ence, and a little placed under the finger-nail caused only a slight 
burning sensation after about five hours. 

The sulphide is vigorously oxidised by cold nitric acid, but the 
iil which separates on dilution seems, from analysis, to be a mix- 
hol ature of the corresponding sulphoxide and sulphone; after heating 
at thevith nitric acid at 100° and evaporating the solution, 88’-dichloro- 
passingidi-sec.-butylsulphone, (CHMe'CICHMe),SO,, separates as a colour- 
nanne less, viscous oil which becomes converted into a resinous mass on 
, comfimmersion in boiling liquid air (Found : Cl = 27°31. C,H,,0,C1,S 
sorbed@requires C] = 27°74 per cent.). 
ride at On prolonged boiling with 60 per cent. nitric acid the sulphide 
pratur@s oxidised with the evolution of vapours having the odour of 
4 ache bloropicrin; the solution contains sulphuric acid, and, after 
eactiol@emoving this by treatment with barium carbonate, the filtered 
hastetolution yields the barium salt of a sulphonic acid, which is 
‘xtremely soluble in water. On recrystallisation from boiling 
“ater this salt is obtained in colourless, crystalline scales, and 
roves to be barium B-chlorobutane-y-sulphonate, 

(CHMeCI-CHMe’SO,).Ba,2H,O 
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(Found : H,O = 7:02. C,H,,0,Cl,S,Ba,2H,O requires H,O = 6:98 
percent. Found, in anhydrous salt: Ba = 28°91. C,H,,0,CI,S,Ba 
requires Ba = 28°60 per cent.). 

On boiling the dichlorodi-sec.-butyl sulphide for some hours 
with an alcoholic solution of sodium sulphide and distilling the 
product in a current of steam, the symmetrical tetramethyldi- 


ethylenedisulphide, 0 at is obtained as a colour. 


less oil with an odour of decaying onions, which boils at 145—150°/ 
35 mm. (Found : S = 37°71. C,gH,,S, requires S = 36°36 per cent.), 
It is interesting to notice that ethylene, propylene, and B-butylene 
react in exactly the same manner with sulphur monochloride, yield- 
ing 8-chloro-substituted alkyl sulphides, together with sulphur, but 
that the readiness with which reaction occurs is very different in 
the three cases. A series of determinations of the speed of absorp- 
tion of these three hydrocarbons by sulphur monochloride has been 
made under comparable conditions of rate of stirring, etc.; the 
following table gives the number of litres of gas, measured at 
N.T.P., absorbed by 135 grams of sulphur monochloride at 60° : 


Volume absorbed. 


Time 

in hours. Ethylene. Propylene. 8-Butylene. 
0 5°5 26-0 

23°0 40°2 

33°0 42°3 

43°0 43°2 

43°8 Ended. 
Ended. 


Cr 2 bo he he © 


It is to be concluded from the work now described that the 
reaction described by Gibson and Pope is a general reaction of 
ethylene and its homologues. 


THe CHEMIcAL LABORATORY, 
UNIvERsIty or CAMBRIDGE. [Received, February 16th, 1921.) 


XLIX.—The Binary System, Aniline-acetic Acid. 


By Epmunp Artuur O'Connor. 


No reference can be found to the preparation of any compound 
of aniline and acetic acid in the solid state. Fehling (New 
Handwérterbuch der Chemie, 1, 577) mentions this fact. Tizard 
(T., 1910, 97, 2493) attempted to prepare a compound by mixing 


Temperature. 
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the base and the acid in molecular proportions and cooling the 
mixture to — 20°. He failed to obtain any solid and concluded 
that the liquid was supercooled. It seemed worth while, therefore, 
to investigate fully the binary system, aniline-acetic acid. 


EXPERIMENTAL 


The aniline used was a sample prepared from Merck’s aniline 
silphate, and purified by repeated distillation. Its freezing point 
was — 6°0°. The acetic acid was purified by fractional freezing 
util a constant, maximum freezing point of 16°6° was attained. 

The apparatus was that usually employed in freezing-point work, 
with the device described by Beckmann (Zeitsch. physikal. Chem., 
1891, 7, 323) for use with hygroscopic substances of low volatility. 
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Molecular percentage of acetic acid. 


In the first experiments the mixtures were made up synthetically 
and the temperatures of equilibrium between solid and liquid were 
determined in the usual way. This procedure had to be aban- 
doned with certain mixtures owing to the sluggishness with which 
the solid and the liquid phases came to equilibrium. The analytical 
method was substituted, the composition of the liquid in equilibrium 
with a large quantity of the solid phase at a particular temperature 
being obtained by removing some of the liquid through a glass- 
wool filter, and titrating the acetic acid in a weighed quantity of 
it against standard alkali. The aniline content was obtained by 
difference. Acetic acid may be titrated without error in presence 
of aniline. In using this method a sufficiently constant tempera- 
ture was obtained by immersing the apparatus in a large Dewar 
flask containing water or a freezing mixture at the required tem- 
erature. The results are given in the following table and are 
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plotted in the figure, a few points being omitted to avoid undue 
crowding. The data for points in the metastable regions are 
marked with an asterisk. 


TABLE I. 
Solid Phase C,H,0,. 


Molecular per- Molecular per- 
centage of acetic centage of acetic 
acid in the Temperature acid in the Temperature 
liquid phase. of equilibrium. liquid phase. of equilibrium. 
16°6° 85°5 
14°8 84°2* 
10°8 83°4* 
78 81-9* 
4'8 80°2* 
2°8 79-7* 
1-0 


Solid Phase CsH,-NH,,2C,H,0,. 


50°0 
47°5 
45°5 
44°5 
42°9 
41°5 
39°7 
38°7 
37°2 
33°3 
29°4 
27°7 
25°75 
23°3 
22°0 
20°65 
tit be 


Solid Phase C.H,:NH,. 


16°75 
21°3* 
26°0* 


27°5* 
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—— 


2»CH,0,. 
39°4* — 19°8 
41°2* — 20°3 
43°2* — 20-9 
The curves show at once the existence of two compounds of the 
two components. The first has the composition C,H;-NH,,2C,H,0,; 
its melting point is 16°7°. The second, with melting point — 19°’, 
has the composition 2C,H,-NH,,C,H,O,, and is metastable under 
all conditions. These, with pure aniline and acetic acid, were the 
only solid phases obtained. A compound corresponding with the 
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formula C,H ;-NH,,C,H,O, was not found. Great supercooling was 
necessary to cause the compound C,H;-NH,,2C,H,O, to separate. 
This accounts for the somewhat lengthy, metastable prolongations 
of the curves for the other solid phases. Mixtures containing a 
large proportion of acetic acid became exceedingly viscous at low 
temperatures, such as — 35°. The compound C,H,-NH,,2C,H,0,, 
in contrast with the other solid phases, was slow to come to 
equilibrium with the liquid ; hence the whole of the curve for this 
slid phase. was worked out by the analytical method. The other 
curves were obtained in the usual manner. 

The invariant points where the compound C,H;-NH,,2C,H,O, 
exists in equilibrium with the liquid phase and acetic acid and 
aniline are at temperatures of — 2°4° and — 15°6° respectively. 
The compound 2C,H,-NH,,C,H,O, coexists with aniline and solution 
at — 19°8°. 

It is intended to work out some binary systems of a similar 
nature and to compare the results with those described above. 


Summary. 


(1) Equilibria in the binary system, aniline—acetic acid, have been 
determined. 
(2) There is no evidence of the existence of a compound 
(,H,-NH,,C,H,0,. 
(3) Two new compounds, C,H;-NH,,2C,H,O, and 
2C,H,;-NH,,C,H,0,, 
the latter metastable, have been shown to exist. 


In conclusion, I must express my thanks to Dr. A. C. D. Rivett 
for suggesting this investigation, and to Professor T. H. Laby for 
assistance in standardising the thermometers used. 


CHEMISTRY DEPARTMENT, 
THe UNIVERSITY, MELBOURNE. [Received, February 17th, 1921.] 


L.—Equilibria of Hydrofluosilicic Acid. 


By Lawson Jonn Hupieston and Henry Basser. 


Part I. 


Ix some recent work involving the use of hydrofluoric acid we 
found that, on titration, an appreciable time was required to 
obtain the true end-point. Thus, when phenolphthalein was used as 
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indicator, an apparently considerable excess of alkali could be run 
in and yet the colour would fade again after a few seconds. The acid 
had been supplied by a thoroughly trustworthy firm as of “ A. R,” 
standard, and it left no residue on evaporation, so that its purity 
was not at first doubted. However, some of the work described 
below was carried out with it and proved that the effect observed 
was due to a large proportion of hydrofluosilicic acid. 

We repeated the “A. R.” test ourselves. This consists (List 
of Reagents for Analytical Purposes with Notes indicating the 
Standards of Purity regarded as necessary for Analytical Work) 
in adding an excess of a solution of potassium chloride to the 
solution to be tested, when a turbidity, due to potassium silico. 
fluoride, should be observed. However, no such turbidity appeared, 
doubtless owing to the formation of a colloidal solution, all the 
less easily detected by the eye, as vessels only of wax or platinum 
were admissible. 

Katz (Chem. Zeit., 1904, 28, 356, 387) developed a quantitative 
method of determining the proportions in which these two acids 
might occur together in mixtures. He added potassium chloride, 
as in the “ A. R.” test, but he also added alcohol to decrease the 
solubility of potassium silicofluoride and then titrated the solution. 
The hydrofluosilicic acid was removed according to the equation 
H,SiF, + 2KCl = K,SiF, + 2HCl, thus liberating an equivalent 
quantity of hydrochloric acid. He then titrated an equal volume 
of the solution directly, and in this case, with phenolphthalein as 
indicator, the reaction took a different course, represented by the 
equation H,SiF, + 6NaOH = 6NaF + H,Si0, + 3H,O. Hence, 
if the first titration required a c.c. of alkali and the second b c.c., 

3 
then 30 —) was the proportion of alkali neutralised (in the 


b 

second case) by the hydrofluosilicic acid. Katz himself stated 
that the results were not accurate owing to the absorption of hydro- 
fluoric acid by the colloidal precipitate, and he introduced cor- 
rective factors, which Dinwiddie (Amer. J. Sci., 1916, 42, 421) 
further modified. The method developed in this paper is free 
from these defects, though rather more lengthy. Before de- 
scribing this, however, it should be mentioned that a portion of 
our acid was diluted until about 0-75N and titrated by Katz's 
method. The first titration required 12-90 c.c. and the second 
19-00 c.c. Thus the proportion of hydrofluosilicic acid (by equiva- 
lents) was 48 per cent., or the solution contained 52 mols. of hydrogen 
fluoride to 8 mols. of hydrofluosilicic acid (uncorrected). 

For the complete neutralisation of hydrofluosilicic acid according 
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ip the equation H,SiF, + 6NaOH = 6NaF + H,SiO, + 3H,O an 
wpreciable time is required, as mentioned by Wagner and Ross 
J. Ind. Eng. Chem., 1917, 9, 1116), but, so far as we have been 
ible to discover, no quantitative study of it has been previously 
nade. Yet it offers another method of studying the composition 
of mixtures of the two acids, as indicated below. Vessels of waxed 
dass, Of Sometimes of pure wax, were used throughout the experi- 
nents. Small test-tubes containing weighed quantities of the 
nixed acids were placed upright in conical flasks containing 
measured quantities of sodium hydroxide solution coloured with 
afew drops of phenolphthalein. The flasks were then closed 
vith rubber stoppers and the liquids mixed by inverting the vessel 
ind shaking vigorously, the time from this moment until the 
wlour (clearly visible through the wax) faded being measured 
by a stop-watch. The flasks were then opened and further alkali 
nn in until the solution was permanently neutralised. It was 
ibvious that a portion of the hydrion that the solution could 
itimately furnish was produced but slowly, probably because 
itwas ““ bound’ in a complex. Further, if  c.c. of alkali were 
wiginally present in the flask and N c.c. were required for total, 


manent neutralisation, s 7 "100 was the percentage of 


T 


- 


the total hydrion in the “ bound ” condition at the moment when 
the colour faded. This term we have denoted by C in the tables 
that follow. Moreover, during the period timed, the solution was 
ikaline, so the method allows of the study of the kinetics of the 
raction: ‘‘ bound” hydrion—“ available” hydrion, undisturbed 
byany opposing reactions. 

The first experiment was carried out in this way at 19-2° with 
the mixed acid described above, after dilution to 1-8N, the alkali 
bing 0-184N. The time of fading, ¢, was measured in seconds. 


TaBLe I. . 
1-8N-Acid ; 0:184N-Sodium Hydroxide ; Temperature 19-2°. 
a a 
C. t. A . C. t. 
16°45 19°0 5°64 
16°60 19°2 , . 3°70 
16°70 19°4 ' ; 4°28 


16°58 19°2 . p 4°54 


‘The logarithms of these values of C plotted against the times 
ive a straight line, which is the familiar curve of a unimolecular 
From the four mean results six values of the velocity 
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constant can be calculated, and, by the help of the mean obtained 
four values for the initial value of C (denoted by Cy) may then kk 
calculated. C, is thus a measure of the original concentration o 
the “complex” present in the unneutralised acid. The values 
for the velocity constant (calculated for ordinary logarithms) are: 
0-01694; 0-01698; 0-01668; 0-01684; 0-01707; 0-01725; mean 
0-01696. Converted for natural logarithms, this becomes 0-0390, 
The agreement is very satisfactory. For the values of C, we 
have: 35:49; 35:10; 35-55; 35-43, the best value probably being 
35-50. 

In Experiment 2 these determinations were repeated with 
solutions brought previously to 25-0° in a thermostat. The results 
are given in table II, where the velocity constant and C, have been 
calculated and the deviations from the theoretical curve are shown. 
In the early part of the curve small errors in ¢ cause large errors 
in C, whilst in the later part the reverse is the case. Hence both 
must be shown, and the second column gives the values of ¢ calcu. 
lated from the observed values of C, whilst the eighth column gives 
the values of C calculated from the observed times. 


TABLE II. 


1-8N-Acid ; 0-184N-Sodium Hydroxide ; Temperature 25-0°. 
Cy = 39:0; & = 0-0748 (for natural logs). 


Time of fading in seconds. C.c. of alkali added. eC; 


—_—_—_ - : 

Obs. ’ iff. Initial. ‘Total. Found. Cale. 
52 x. L Org 14:70 20°50 
3°8 ' , 15°30 21°30 
13°2 , i 17-75) 220°75 
13°8 , i 17°65 20°50 
21°0 , . 18°80 20°30 
29°0 , L 0° 18-55 = 19°45 
33°0 : , 20°15 20°80 
33°0 : L 0° 19°40 20°10 


It is unfortunate that this acid was not again checked at the 
lower temperature, for, in the light of subsequent work, it appears 
almost certain that it had become contaminated with silica. As 
will be seen later, it is almost certain that with a mixture of this 
kind C, is independent of the temperature (see p. 415). 

A third experiment was then made with the acid diluted nearly 
forty times. No high degree of precision was aimed at here, and 
only a few determinations were made, as we wanted to determine 
merely whether C, varied greatly with dilution or not. The results 
are collected in table III. 


tuoride 
panied b 
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TABLE IIT. 


0-05N-Acid ; 0-184N-Sodium Hydroxide ; Temperature 25-0°. 
Cy = 35:0; & = 0-0640 (for natural logs.). 


Time of fading in seconds. C.c. of alkali added. 

ote ~ — o 

Obs. Cale. Diff. Initial. Total. Found. 
6°4 65 —O1l 4:00 5°20 
9-2 95 —O03 4°25 5°25 
140 140 nil 4°50 5°25 
198 20°4 j 4:75 5°25 


—o 
315 30°9 +- O° 5°00 5°25 


The lower value of & obtained is satisfactorily accounted for by 
-Bthe smaller effect of the heat of reaction of this dilute solution, 
‘fas will be shown later (see below). The theory developed in Part 
III of this paper, formulated many months after the measurements 
-Bwere made, requires that the value of Cy should be slightly less 


ives Bfor a very dilute solution of the mixed acid, but it is not possible 


tosay whether this result confirms the value obtained in experiment 
Il or not. 

Further experiments were attempted at 0°, but the cooling was 
wsatisfactory and the results are not worth recording. They 
ofered further evidence, however, that the value of Cy in experi- 
nent II was too high, that is, the particular solution used had been 
contaminated. 

The errors involved in these experiments vary very much from 
case to case. For instance, control experiments showed that the 
bulk of the liquids was mixed by this method in a fraction of a 
veond, but the time required for the last trace of the contents 
of the test-tube to be completely washed out might be two seconds. 
Hence time readings of this order were untrustworthy; the larger 
values, however, were not seriously affected. Again, the end-point 
was not very sharp, especially for the dilute solution. For the con- 
entrated solutions, C should be accurate to 0°25 per cent., but for 
the dilute solution, where a total of only 5°25 c.c. of sodium hydroxide 
‘olution was used, C could not be determined with a greater accuracy 
than 1 per cent. Again, the precise instant when the colour faded 
vas difficult to determine for low values of C, because in these cases 
itfaded so gradually, and it was difficult to see a very faint colour 
through the wax. 

There is also the question of the rise of temperature due to the 
teat of the reaction. The production of 1 gram-equiv. of sodium 
tuoride from hydrofluoric acid and sodium hydroxide is accom- 
janied by the production of about 16,000 cals. Thus, neglecting the 
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heat changes associated with the production of hydrogen fluori& 
from hydrofluosilicic acid, and the fact that the solution was neve 
completely neutralised by the alkali with which it was mixed j 
the first instance, and also disregarding the heat absorbed by the 
containing vessel or lost by radiation, the maximum possible rise 
of temperature would be 16/V, where V is the volume in litre 
containing 1 equiv. of the sodium fluoride formed. The value o 
this is 2°6° for the solutions in experiments 1 and 2, and 0°8° for 
the solution in experiment 3. 


Part II. 
The Product of the Action of Silicon Tetrafluoride on Water. 


What was expected to be pure hydrofluosilicic acid was prepared 
by passing silicon tetrafluoride into water contained in vessels of 
either wax or silica (it was feared that glass might give rise to the 
production of sodium fluoride) and filtering the product from the 
precipitated silica through a wax funnel into a wax vessel. The 
silicon tetrafluoride was prepared (1) by the action of concentrated 
sulphuric acid on a mixture of sand and calcium fluoride, (2) by 
the action of concentrated sulphuric acid on potassium silico- 
fluoride, and (3) by heating barium silicofluoride, but there was 
no apparent difference in the product. In all cases the solution 
was left in contact with the precipitated silica for at least twenty- 
four hours before filtering, to ensure that the concentration of any 
hydrofluoric acid formed should fall to its equilibrium value. 

The apparatus used for the fading experiments was slightly 
modified. Wax cylinders were made, having for half their length 
a vertical wax partition, which divided the lower portion into two 
water-tight cells in which the acid and the alkali could be separately 
placed. The cylinders were closed with rubber stoppers, and, as 
before, mixing was secured by inverting and shaking the vessel, 
but the form of the apparatus allowed much more rapid washing 
out of both compartments. It also permitted the use of solutions 
of approximately equal strength, since each cell held 20 c.c., a 
volume that can be measured with reasonable accuracy. For the 
acid, pipettes of the so-called “ automatic” type were made of 
pure wax. These are capable of considerable accuracy ; for instance, 
in the calibration of one, three successive deliveries weighed 9'977, 
10°003, and 9°898 grams respectively. The sodium hydroxide was | 
made by placing freshly cut sodium in a platinum dish over water 
in a closed vessel which was then evacuated. The violence of the 
reaction between the water-vapour and the sodium could be easily 
controlled by regulating the pressure. The solution thus obtained 
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‘Byas diluted with freshly boiled water and stored in an iron vessel, 
fom which it was siphoned off through a copper tube. It appeared 
ty be completely free from silica and carbonate. 

| Experiment 4 was carried out in this apparatus with a solution 

. fd hydrofluosilicie acid prepared as described and filtered from the 

precipitated silicic acid, in order to trace the rate of decay of C 
throughout the length of the curve. The results were considerably 
bss regular than those obtained previously, as the thermostat was 
ating irregularly. Nevertheless, as table IV shows, it is clear 
that the curve is logarithmic. The total alkali used in this case 
was only 7°8 c.c., so that C should be correct to 1 per cent. 


TABLE LV. 


0 c.c. of O°3N-Hydrofluosilicic Acid and 0°38N-Sodium Hydroxide. 
Temperature 15°3° (2 16°4°); Cy = 55°5; k = 0°0270. 


Time of fading. C.c. of alkali added. C. 
~ ————_——_—— co o 
Initial. Total. Found. Cale. 
5°20 7-70 32°5 =32°9 
5°30 7°80 32°0 33°6 
5°40 7°70 29°9 
5°40 7°75 30°3 
7°75 
775 
7°85 
7°85 
7°85 
7°85 
7°85 
7°75 
7°80 
7°70 
775 
775 
7°65 
7°65 
7°80 
7°80 
7°70 
7-65 
7°80 
7°65 
7°85 
7-90 
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In experiment 5 the effect of dilution was studied with a similar 
Preparation. Naturally the dilution was effected after filtration in 
each case, and, as will be seen from table V, no difference could be 
observed in the value of Cy. However, as will be explained later, the 
concentration at which the solution was filtered from the silica 
did make a difference in the equilibrium values, and the value of 
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Co, therefore, was not the same as that in the previous experiment, 
Unfortunately, this was not realised at the time, and no recor 
was kept of the temperatures and concentration at which the 
various preparations were filtered. 


TABLE V. 


The Effect of Dilution on the Initial Concentration of the Complex, 
Temp. 15°2°; Cy = 54°7; k = 0°025 ( for natural logs.). 


18°85 c.c. of 0°32 N-Hydrofluosilicic acid and 0°323N-Sodium 
Hydroxide. 


Time of fading. C.c. of alkali added. C. 


A 


c — —~ 
Initial. Total. Found. Cale. Diff. 
10:00 «=—1875 46°7 46:2 + 0°5 
11°00 18°50 40°5 42°6 — 2°] 
12°00 18°60 35°5 36°1 — 0°6 
13°00 18°70 30°5 32°9 — 2°4 
14:00 = =18°70 25:1 25°6 — 05 
15-00 = =18:75 200 20°0 nil 
53°1 16:00 1870 14°5 15°4 — 09 
73°1 +. 17-00 =18°65 88 7°4 + 14 


.c. of 0°15N-Hydrofluosilicic acid and 0°16N-Sodium hydroxide. 


99 +03 10:00 =-17°45 42°7 42:4 
15°8 11°00 17°45 36°99 36°7 
29°3 13°00 17°65 26°3 26°9 
39°9 14:00 = 17°55 20°2 21°0 
52°3 15°00 =17°60 148 14:3 
69°6 16:00 17:70 96 10°2 
53°1 1500 = 17°55 14°55 = 12°8 
.c. of 0° -Hydrofluosilicie acid and 0°087N-Sodium hydroxide. 
850 17°05 50°2 
950 17°00 44°] 
10°50 =16°75 37°3 
11°50 = 16°95 32:1 
12°50 = 17°95 26°7 
13°50 16°70 19°2 
14:50 = 16°65 12°9 
15°55 =16°90 , 


/ 


Found. Cale. 
68 6°3 
10°0 12-1 
16°6 17°3 
23°4 
31:2 
40°2 
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In experiment 6 the effect of temperature on both the velocity 
constant and the value of Cy was studied. The solution was not 
affected by keeping or by contamination, because some of the 
readings at 15° were made at the beginning of the whole exper- 
ment and the remainder at the very end, yet they lay on the same 
curve. The results are collected in table VI. 

The usual formula for the variation of a velocity constant with 


temperature is log k = — ~ + 0, where T' is the absolute tempera- 


ture and A and C are constants. Table VI records the values of é 
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TABLE VI. 


The Effect of Temperature on the Initial Concentration of the Complex 
and on the Velocity Constant. 


10°0 c.c. of 0°18N-Hydrofluosilicic Acid and 0°12N-Sodium 
Hydroxide. 


Time of fading. C.c. of alkali added. C. 
Found. Cale. Diff. Initial. Total. Found. Cale. Diff. 
Temp. 15°0°. Cy = 53°0. k = 0°024 (for natural logs). 
18°9 10°20 =15°40 33°7 = 33°6 
950 15°50 38°7 37°9 
880 15°40 42°38 4273 
800 15°75 492 49°3 
8:00 15°50 484 48°6 
7°80 =615°90 50°9  47°7 
760 15°70 516 49°8 
820 15°80 48°1 50°5 
840 15°80 46°38 49°6 
860 15°80 45°55 45°5 
880 15°80 44:3 45°9 
800 16°40 51:2 =50°5 
900 16°50 454 45°0 
10°00 =16°45 39°2 -39°4 
11:00 =—16°40 32°9 | _33°6 
12°00 16°40 26°38 =27°3 
k = 0°075 (for natural logs). 


8:00 16:00 50°0 3=49°1 
11:00 §=16°00 312 §=30°3 
10°00 =16°00 37°55 35:2 

850 15°85 46°4 483 

900 15°75 42°8 41:0 

950 15°85 40°0- 41°6 
10:00 =15°80 36°7 37:4 
10°50 = 14°30 25°6 38 27°7 
11:00 =15'90 30°8 = 299 

k = 0°00385 (for natural logs). 


15°00 F 8°5 8°6 
16°00 , 2° 2°4 
14:00 r ‘ 12°2 
13°00 ‘ 20° 20°2 
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determined at three temperatures, and hence, by taking the equa- 
tions in pairs, three values of the constant C may be obtained, 
namely: 29°5, 29°8 and 30°2 (mean 29°83). Thence three values 
of A may be determined, which in this case are 9661, 9665, and 
9661 (mean 9662). 

9662 


Hence, for this reaction, log k = — a + 29°83. In table 
VII, 7, calculated by inserting in this equation the velocity con- 


stants obtained, is compared with the values recorded in the previous 
experiments. 
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TABLE VII. 


Experiment k T obs. 
0°0390 292-2 
0°0748 298°0 
0°0640 298°0 
00270 288°3 (2) 
0°0250 288°2 
0°0240 288-0 
0°0750 298°0 
0°00385 273°0 
This neglects the influence of the heat of reaction, which is a 
somewhat indefinite factor. Thus the maximum possible difference 
in temperature in experiments 2 and 3 from this cause is 18 
(see p. 408), whilst in the above table it appears that the actual 
difference, as calculated from the velocity constants, in these two 
cases is 1°5°. 
Part III. 
Theoretical Discussion. 


When silicon tetrafluoride is passed into water the reaction may 
be expressed by the equations : 
(1) SiF, +3H,0 = H,SiO, + 4HF. 
(2) SiF, +2HF = H,SiF, 
and (3) 3SiF, + 3H,O = 2H,SiF, + H,SiO,, by addition. 

The reactions must be reversible, since hydrofluosilicic acid is 
formed equally by the action of silicon tetrafluoride on water and 
of hydrofluoric acid on silica, and also hydrofluosilicic acid with 
sufficient alkali yields, ultimately, sodium fluoride and silicic acid. 
Therefore all four substances must be present in finite, even though 
possibly very small, concentration in these solutions. Further, 
these solutions, filtered from the precipitated silicic acid, on titra- 
tion by Katz's method, react like pure hydrofluosilicic acid. % 
that the free hydrofluoric acid cannot be in excess of that required 
to combine with the free silicon tetratiuoride and silicic acid to 
form hydrofluosilicic acid. Katz’s method, however, cannot detect 
free silicon tetrafluoride, since by the precipitation of potassium 
silicofluoride the equilibrium of equation (3) would be shifted 
completely to the right in any case. 

Consider a volume, V, of a solution prepared by passing silicon 
tetrafluoride into water and filtering off the precipitated silide 
acid. Let there be a mols. of hydrofluosilicic acid, b mols. of silicon 
tetrafluoride, x mols. of hydrogen fluoride, and y mols. of silicie 
acid present. Ultimately the solution will yield 6a +4) +" 


equivs. of hydrion, but a fraction of this, mJ will be in a form 


h is a 
erence 
s 18° 
actual 
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from which it will be liberated only slowly, by a unimolecular re- 
action in alkaline solution. So far as the nature of this reaction 
js concerned, it might be the hydrolysis of silicon tetrafluoride 
(equation (1)], but the velocity with which this compound reacts 
vith water in the preparation, and, still more, considerations of 
the equilibria involved, indicate that the slow reaction studied is 
not this, but the dissociation of sodium silicofluoride according 
to the equation Na,SiF, = 2NaF + SiF,, whilst the hydrolysis 
of silicon tetrafluoride, the neutralisation of hydrofluoric acid, and 
the neutralisation of hydrofluosilicic acid to produce sodium silico- 
fuoride proceed with immeasurable rapidity. Hence, on mixing 
the solution with alkali, 


hydrofluosilicic acid neutralises 2a equivs. rapidly and a 
further 4a equivs. slowly. 

silicon tetrafluoride neutralises 4b equivs. rapidly, 

hydrofluoric acid neutralises 2 equivs. rapidly, 


and silicic acid is without action on the indicator. 

The silicic acid might be present in colloidal solution, so we 
lave no authority as yet to assume that its “active mass” is 
proportional to its concentration. We will therefore denote the 
“active mass’ in this case by the formula in open brackets. The 
equilibrium relations corresponding with equations (1), (2), and (3) 
are then : 

(la) [SiF,] = K, x [HF}* x (H,Si0,). 
(2a) [SiF,] x [HF]? = K, x [H,SiF]. 
(3a) [SiF,)® = K, x [H,SiF,|? x (H,Si0,). 


Hence in the case taken we have : 


(1b) = Ky lvl (H,Si0,). 


(2) . = b | 


x 
—_—y — i 
(3b) “; = VK; (H,Si0,). 
4a 

(4) 6a+4b4+a2 

(5) 6a +4b +2 = 
Experiment 5 showed that V could vary fourfold without causing 
ippteciable variation in Cy. Hence, from equations (4) and (5), it is 
dear that @ also is, to this extent, independent of dilution. Then, 
to satisfy equations (1) and (2) simultaneously, whilst at the same 
ime having regard to the relation between the change of b and 
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that of x as determined by the chemical reaction, it is necessary 


that x should be so small that pis kept constant, in spite of four. 


fold dilution, by the transformation of a negligible quantity ¢ 
one of the other substances, so that a and } both remain sensibly 
constant. Then equation (3b) requires that (H,SiO,) shall be pro. 
portional to the concentration, that is, the ‘‘ active mass” of the 
silicie acid can be represented in the usual way as z. We thinkit # 
probable that the silicic acid left after filtration is in true solution, 

Hence, for solutions prepared by passing silicon tetrafluoride 
into water and filtering off the precipitated silicic acid, we are led 
to believe that, on dilution, the relative quantities of hydrofluo- 
silicie acid, silicon tetrafluoride, and silicic acid remain sensibly 
unaltered, whilst the concentration of free hydrofluoric acid, which 
must be extremely small, is maintained constant by the hydrolysis 
of negligible quantities of the first two substances. This is in 
harmony with the fact that sodium silicofluoride is so slightly 
dissociated, in the sense of equations (1) and (2), that the eoncentra- 
tion of hydrion to which it gives rise is not enough to affect methyl- 
orange, and also with the fact that if solutions of the kind under 
discussion are neutralised with sufficient alkali to show the fading 
effect, whilst still being not completely neutralised,*they show the 
effect again with a single drop of.alkali, that is, they give rise to 
very little silicon tetrafluoride. It should be remembered in this 
connexion, however, that it is not necessary that the equilibrium 
constant of the sodium salt should be the same as that of the corre- 
sponding acid. While the solution is in contact with precipitated 
silicic acid, it must be supposed that the concentration of the latter 
in true solution is constant; hence equation (3b) will not, in this 
case, be independent of the concentration. This accounts for the 
different values of Co, obtained at the same temperature, in experi- 
ments 4, 5, and 6, which were made with different preparations 
filtered at different concentrations. At 15° the value of Co varied 
between 53 and 55°5. If Cy = 54°54 (which is a convenient number 
for calculation), a = 13°64 (equation 4) and b = 4°55, since # is 
negligible and 6a + 4b + 2 = 100 (C, being a percentage). Hence 
_ 4 From equation (2b)K, =<l71- The last term being 
the square of a small quantity is itself a very small quantity, 9 
that K, = 3 of a very small quantity and is itself very small. It 
is possible to form some estimate of its value from experiments 2 
and 3. These experiments were made with the mixed acids 
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taining a considerable proportion of free hydrofluoric acid. 
Hence from equation (26), since K, is small and z is here large, the 
oncentration of silicon tetrafluoride must be very small, and great 
iferences in its ratio can be brought about by transformations of 
egligible quantities of the other substances. Equation (2b) may 
rewritten in the form 6 = K,V?a/x?, from which it is clear that 
3 aand x do not change appreciably, 6 is proportional to V?. 
It the volumes containing 100 equivs. are considered, in experi- 
ment 2, Cy = 39°0 and in experiment 3, Cy = 35°0. Therefore at 
most the silicon tetrafluoride has increased by 4 equivs. or 1 mol. 
ora forty-fold dilution. Hence 6 + 1 = 1600 3, or d is negligible. 
e dilute solution used in experiment 3 was 0°05N, therefore 
he volume containing 100 equivs. was 2000 litres. Hence the 
mposition of this solution is approximately : 


SiF, = 90°0005 mol. per litre. 

H,SiF, = 0°0045 mol. per litre. 

HF = 0°021 mol. per litre. 

: _ 0:0005 x 0°0004 _ ” 
therefore Ky = 00045 = 4x 10°. 


The data were not sufficiently accurate for this to be accepted as a 
fnal value, but it indicates the order. 

It will be seen that for the stronger solutions the concentration 
 Bifsilicon tetrafluoride is very small, so that it should not be possible 
‘ior Cy, which is proportional to the concentration of hydrofluosilicic 
aid, to inerease perceptibly on changing the temperature. This 
“Beads us to suppose that the solution used in experiment 2 had 
actually a greater silicon content than that used in experiment 1, 
and there is also practical reason to believe that contamination 
occurred. 

Finally, some idea of the possible concentration of the silicic 
“Jcd in solution can be obtained from a consideration of experi- 


ions iment 6. At 15° the value of Cy was 53°0, hence the volume 


ntaining 100 equivs. had 13°25 mols. of hydrofluosilicic acid, 
vhilst at 0° the value of Cy had fallen to 38°6, so the same volume 
tontained 9°65 mols. of hydrofluosilicic acid. Hence 3°6 mols. 
ifthe acid had been converted into silicon tetrafluoride, and there- 
tre at the same time 7:2 mols. of hydrofluoric acid must have been 
woduced. As Ky is very small and there is a considerable pro- 
wrtion of silicon tetrafluoride, all this acid must have been con- 
ged into silicon tetrafluoride by the silicic acid present, that is, 
# least 1°8 mols. of silicic acid must have been present in this 
flume at 15°. The solution was 0°18N , and therefore the volume 
‘ontaining 100 equivs. was 550 litres; hence the silicic acid must 
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have been present to an extent of at least 0°003 mol. per lit 
apparently in true solution, since its “active mass” varied wil 
dilution in the ordinary way. 


Summary. 


(1) The existing “ A. R.” method of testing for silica in hyd 
fluoric acid is shown to be inadequate. 

(2) A method of measuring the proportion of hydrofluosiligf 
acid in mixtures of this with hydrofluoric acid is described. 

(3) The rate of dissociation of sodium silicofluoride into silicogf 
tetrafluoride and sodium fluoride has been determined, togethe 
with the formula for the variation of the velocity constant with 
temperature. 

(4) It is shown that silicic acid can exist in solution, with ay 
active mass proportional to its concentration, to the extent of a 
least 0°003 mol. per litre at 15°. 

(5) The equilibria set up when silicon tetrafluoride is passed 
into water are discussed, and it is shown that the resulting solutioy 
contains a considerable proportion of unchanged silicon tetrafluoride 


In conclusion, we should like to make acknowledgment to thd 
Salters’ Institute of Industrial Chemistry for providing the Fellow## 
ship which made the research possible. 


UnIvERsIry COLLEGE, 
READING. (Received, January 7th, 1921.] 


LI.—The System, Picric Acid—5-Phenylacridine. 


By Henry Bassett and Tuomas ARTHUR SIMMONS. 


In preparation for some work which was contemplated, it became 
necessary to examine the fusion diagram of the system, pictic 
acid—phenylacridine. Results worth recording have been ob- 
tained. The substances used were purified by crystallisation, and 
the method employed was the usual one of determining the tem- 
peratures at which various mixtures of known composition began 
to solidify. The mixture was melted in a tube immersed in 4 
bath of paraffin wax. The tube was fitted with a cork with two 
holes, through which passed a glass stirrer and a thermometer fi 
with its bulb completely immersed in the molten liquid. 

The bath was allowed to cool so that the temperature of the 
mixture fell about 1° per minute, the mixture being stirred gently 
and its temperature read every half-minute until it was just below 
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ie freezing point as found from a first determination. The mix- 
me was then stirred more vigorously until crystallisation began 
i the temperature rose to the freezing point and remained 
stant for one and a half to two minutes. 
The freezing points of the various mixtures are shown in the 
ible. The temperatures have been corrected for the error of the 
rmometer and also for the error due to the exposed part of 
he stem. 
The known picrate of phenylacridine (one molecule of picric acid 
one molecule of phenylacridine) is clearly indicated with a 
ible melting point, 227°7°. There is also definite indication of 
second compound (two molecules of picric acid to one molecule 
{phenylacridine) with an unstable melting point at about 180°. 
Attempts to isolate the latter compound by mixing hot or cold 
woholic or benzene solutions in correct proportion or with a 
tight excess of picric acid always resulted in the separation of 
le compound melting at 227°7°, but on mixing cold, concentrated, 
wholic solutions in the proportion of five molecules of picric 
id to one molecule of phenylacridine a precipitate was obtained 
lich, after being filtered, washed once with alcohol, and dried, 
oftened at 178° and melted at 185—186°. This was the new 
smpound of two molecules of picric acid with one molecule of 
pienylacridine. (Found: N = 13°3. C3,H,0,,N, requires N = 
13°74 per cent.) 
In appearance the two picrates are very similar, although the 
mpound containing two molecules of picric acid is somewhat 
elower than the other. 
Molecular Molecular Molecular 
percentages percentages percentages 
ofphenyl- Freezing of phenyl- Freezing of phenyl- Freezing 
aridine. point. acridine. point. acridine. point. 
0°00 120°3° 29°25 175°6° 58°42 215°7° 
1:00 119°8 30°00 176°2 65°54 201°1 
188 119°3 30°66 178°2 76°10 175°1 
3°07 118°8 31°00 180°4 76°94 172°0 
4°02 122°3 31°20 181°4 78°00 169°4 
731 132°4 35°00 195°4 79°50 169°9 
12°53 145°4 43°15 217°2 82°03 170°7 
20°72 161°7 48°75 226°4 87°06 172°5 
24°91 168°8 50°00* 227°7 95°40 178°2 
26°40 171°2 50°75 226°4 100°00 181°9 
28°00 173°6 52°10 225°1 


. The same freezing point was obtained for the 50 (molecular) per cent. 
uxture prepared by weighing out the dry constituents as for the phenyl- 
tidine picrate previously prepared and crystallised from alcohol. 


Ustverstry CoLLEGE, 
READING. [Received, February lst, 1921.} 
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LII.—£’-Dichlorodiethyl Disulphide. 
By Grorce MacponaLD BENNETT. 


THE action of ethylene upon the chlorides of sulphur was fin 
observed by Despretz (Ann. Chim. Phys., 1822, [ii], 21, 428), wh 
obtained an unpleasant, viscous liquid. Niemann (Annalen, 18 
113, 288) obtained a small quantity of an oil, isolated by dis 
tillation in steam, which appears from its analysis to have bee 
an impure dichlorodiethyl disulphide. About the same tim@, 
Guthrie examined the action in greater detail (Quart. Journ. Cheng. 
Soc., 1860, 12, 116; 1861, 13, 1384; Annalen, 1861, 119, 91; 186 
121, 110) and described a product (which had been isolated witho 
distillation) having a density 1°346 and empirical compositio 
C,H,CI,S,, to which the formula CH,Cl*CH,°S*S:CH,°CH,CI ha 
been attributed in the literature. The oxidation of this produ 
by means of nitric acid was shown by Spring and Lecrenie@l ; 
(Bull. Soc. chim., 1887, [ii], 48, 629) to yield the sulphonic acid 
CH,Cl-CH,°SO,H, which would appear to justify this point o 
view. Yet no experimental details were given and the evidenc 
would not be satisfactory unless this oxidation were almos 
quantitative. 

As the action of ethylene on sulphur monochloride at 50—1}; 
has recently seen shown to produce the monosulphide and sulphu 
almost quantitatively (Gibson and Pope, T., 1920, 117, 271), whils 
Green (J. Soc. Chem. Ind., 1919, 41, 469R) has obtained th 
monosulphide as the main product of the reaction at 100°, if 
seems probable that the liquid prepared by Guthrie contained : 
large proportion of the monosulphide. 

On the other hand, the fact that the extra atomic proportio 
of sulphur produced in accordance with the equation 

2C,H, + 8,Cl, = 8 + S(C,H,Cl), 

does not separate from solution when the operation is carried oug” 
at 30—40° has led Green (loc. cit.) to regard the product as ¥: 
single substance having the formula C,H,CI,S,, and since it yiell 
the monosulphide and sulphur on distillation in a vacuum he 
formulates it as a disulphide of a new type, (C,H,Cl),S:S. Pope 
(J. Soc. Chem. Ind., 1919, 38, 432) referred to this liquid # 
“some sort of pseudo-solution ” of sulphur in the monosulphide 
and he considered the question of its nature to be established by 
the fact that the sulphur was precipitated by the addition of ethe 
or alcohol. Green, on the other hand, has usually not observed 
any such precipitation. 
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(juthrie considered that the homogeneity of his preparation was 
proved by the virtual identity of composition which he observed 
in the two portions into which the oil was separated by partial 
glution in 85 per cent. alcohol. The whole had previously been 
twice dissolved in the minimum quantity of ether. A more detailed 
iM samination has now been made of the liquid produced from 
thylene and sulphur monochloride at temperatures below 35°. 
Is properties vary with the speed and other conditions of its 


y dis preparation, but it is usually completely miscible with a small 


wlume of ether, whilst on larger dilution with the same solvent 


mel deposits a sulphur-yellow oil consisting mainly of sulphur, 


insufficient in amount, however, to account for the whole of the 
atra atomic proportion present in the original liquid. 

These facts and the conflicting evidence mentioned above as to 
the precipitation of the sulphur by solvents seem to be adequately 
4@ counted for by the assumption that the liquids in question are 
two-phase systems in which the continuous phase is nearly pure 
tichlorodiethyl monosulphide and the disperse phase a liquid con- 
isting chiefly of sulphur. The varying behaviour on dilution may 
le due to different degrees of dispersion, some specimens being 
warse-grained emulsions, whilst others, such as the liquids obtained 
“@ by Guthrie and Green, may be fine-grained or colloidal. The fact 
that dilution with ether does not precipitate the sulphur is not 
Finconsistent with this view. The ether may be miscible with the 
wontinuous phase only, and the disperse phase remain practically 
maffected—as is the case when cellulose nitrate sols are diluted 
@ with ether-alcohol. 

In view of the observation of Spring and Lecrenier the liquid 
4 escribed by Guthrie requires further investigation. The steam 
listilled oil of Niemann and a small quantity of the reaction 
product isolated by Conant, Hartshorn, and Richardson (J. Amer. 
Chem. Soc., 1920, 42, 585) suggest that the true disulphide may 
be present, although the chloroethanesulphonic acid resulting on 
ixidation might possibly have arisen from the monosulphide, which 
# vields this acid on oxidation with nitric acid at 100°. 

The true disulphide, CH,Cl-CH,°S:S*CH,°CH,Cl, has now been 
a Ptepared by a synthetic method through dihydroxydiethy] disul- 
& phide, HO*-CH,°CH,*S:S*CH,°CH,°OH, which was obtained either by 
oxidation of monothioethylene glycol or by the action of sodium 
lisalphide on ethylene chlorohydrin. The pure disulphide is a 
liquid closely resembling the monosulphide in many of its pro- 
perties. The chlorine in it shows the ease of reaction which is 
0 marked in the monosulphide. It is oxidised quantitatively by 
dilute nitric acid to chloroethanesulphonic acid. 
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EXPERIMENTAL. 
Oxidation of 88’-Dichlorodiethyl Sulphoxide to a Sulphonic Acid. 


Three grams of the sulphoxide and 2 c.c. of fuming nitric acid 
were heated together in a sealed tube at 100° for ten hours. The 
product was diluted with water, some oil removed by extraction 
with ether and the solution evaporated, again diluted, and again 
evaporated on the water-bath. The solution was then neutralised 
with lead carbonate, the lead salt treated with sodium carbonate, 
and the aqueous solution of the sodium salt evaporated to dryness, 
The white residue crystallised well when its aqueous solution was 
evaporated in a vacuum. It consisted of sodium chloroethane- 
sulphonate, C,H,O,CISNa,H,O (Found: H,O = 95; Na =12%7. 
Cale.: H,O = 9°75; Na = 12°47 per cent.) (see Annalen, 1884, 
223, 213). It follows that this sulphonic acid may be produced 
from the dichlorodiethyl monosulphide itself. 


Product of the Action of Ethylene on Sulphur Monochloride at 
30—35°. 


Sulphur chloride (redistilled, b. p. 136—137°) was stirred as 
vigorously as possible while a current of dry ethylene was passed 
through at such a rate that a slight excess emerged continuously. 
From 50 c.c. (83 grams) of the chloride were obtained 111 grams 
of a pale amber-coloured liquid, which deposited a trace of solid 
sulphur after a few hours, but thereafter remained clear. 

This liquid had D® 1-373. It crystallised when cooled to 0°, 
and then melted at 5—6°. The viscosity of this and other spec- 
mens was determined in a viscometer of the Ostwald type, water 
being used as a standard. For this liquid the relative viscosity 
at 15°, »/nx,o=10°25. (For pure dichlorodiethyl sulphide, D®=1:285 
and relative viscosity (y/y1,0)1; = 4°85, whence y,, = 0°0553 C.G8. 
units.) This relatively high viscosity is a most characteristic property 
of liquid-liquid two-phase systems (see, for example, Garrett, Diss., 
Heidelberg, 1903; Hardy, J. Physiol., 1905, 33, 281). The values 
of the viscosity varied slightly from sample to sample, but no 
indication was obtained of variation with one specimen under 
varied mechanical treatment. 

The molecular weight found by the cryoscopic method in benzene 
was 185. This agrees equally well with the value 191 required 
for a true disulphide and 175 required by a mixture of the mon 
sulphide and sulphur in a state of aggregation represented by §; 

Forty c.c. of the liquid, by distillation in a vacuum, gave 4 
main fraction (35 grams), b. p. 110—120°/20 mm., m. p. 12°, and 
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asmall quantity, b. p. 160—180°/20 mm., which probably contained 
polysulphides. 

In another preparation 100 c.c. of sulphur monochloride were 
saturated with ethylene dried with greater care by means of 
¢ acid egicium chloride. The experiment was rather protracted. Although 
- Thell the temperature was never higher than 35°, a cake of sulphur of 
action the consistence of stiff butter had separated by the end of the 
again operation. The liquid product (167 grams; D™ 1:295) distilled at 
ralised f 193—104°/12 mm. Products of higher b. p. were here almost 
onate, # entirely absent. 
yness.§ That the slowness of the reaction in the experiment just described 
N Was was the cause of the separation of the sulphur seems probable 
‘hane- f from the result of a further experiment in which ethylene, similarly 
= 127.9 dried, and 50 c.c. of sulphur monochloride, to which had been 
1884, ] added 5 ¢.c. of pure dichlorodiethyl sulphide to hasten the reaction, 
duced} were used. In this case sulphur did not separate, and 90 c.c. of 
a clear liquid, D® 1°316, m. p. 8°5°, were obtained. The low 
density compared with that of the first specimen described above 
e ai § is due to the absence of the small quantity of liquid of higher 
boiling point. 


Acid, 


ed 5 Separation of the Sulphur from the Colloidal Emulsion. 
= Thirty ¢c.c. of the liquid, D 1°373, m. p. 5—6°, obtained by 


the reaction at 30° were diluted with dry ether. The addition of 
grams — - 
solid 20 ¢-c. of ether produced no separation into two phases. On 
diluting with a further 100 c.c. and shaking vigorously, a sulphur- 
to 0° yellow oil separated, which weighed 4°7 grams (Theory for one 
'] atomic proportion of excess sulphur = 6°7 grams). This oil was 


speci- 
oa readily soluble in carbon disulphide, from which it separated 
cosity wichanged on evaporation. It was left in the air at the ordinary 


1-995 § temperature for two weeks without any sign of crystallisation, 
qs § even after seeding with sulphur. It was then dried at 100° and 
perty crystallised shortly after cooling. It contained organic matter 
Diss. besides sulphur, and left a slight carbonaceous residue on ignition 
(Found : S = 80-2 per cent.). 

The ethereal solution on evaporation left a liquid D® 1°325, 
(n/nH,0),, 6°61, m. p. 5—6°. 

Another specimen of the same original preparation was heated 
nzene § *¢ 100° in @ current of dry air for an hour. On cooling a quantity 
aired of sulphur crystallised out, leaving a liquid, D® 1-337, (7/nx,0)15 7°24, 
non @ p- 5—6°. The fact that the melting point was thus unaffected 
vy 8 by the removal of sulphur shows that this had taken place without 
wad alteration in the composition of the continuous phase containing 
and the monosulphide. 
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Fifty c.c. of a product, D® 1°316, m. p. 8°5°, which had retained 
the whole of its sulphur, were frozen, and the crystals filtered 
with the aid of the pump. Two portions were thus separated: 

(1) Twenty c.c. (from the crystals), D® 1°296, (y/yu,0),; 6°58. 

(2) Thirty c.c. (from the mother liquor), D¥® 1°336, (7/nx,0),, 10°42. 

This viscous, sulphur-yellow liquid (2) was analysed (Found: 
S=41°7. C,H,C1,S, requires S= 33:5 per cent.). There was 
therefore present more than one atomic proportion of sulphur in 
excess. When this liquid was treated with an alcoholic solution 
of cuprous chloride as described by Hollely (T., 1920, 117, 899), 
it gave the usual double salt of the monosulphide, the sulphur 
separating as a soft mass during the dilution with the solution of 
sodium chloride. 

Whilst it seems clear that the sulphur is present in these liquids 
in a colloidal or at least a dispersed liquid condition, it is difficult 
to discover what special circumstances determine the formation of 
such systems. The separation of the sulphur after the liquid has 
been heated in a vacuum or in a current of air suggests that 
hydrogen chloride, which is always present in small quantity, may 
contribute to its stability. On the other hand, the cases where 
chlorination with evolution of hydrogen chloride has been specially 
noticeable during the preparation are often those where the main 
reaction has been slowest and the sulphur most ready to separate. 
All attempts to produce any such emulsion directly have hitherto 
failed. The introduction of plastic sulphur into the hot mono- 
sulphide, or the evaporation at a low temperature of carbon di- 
sulphide containing in solution sulphur and the monosulphide in 
presence or absence of a small quantity of hydrogen chloride, or 
of the less volatile fraction of the reaction product, were all 
unsuccessful. The stability of the emulsion may be influenced 
by the presence of a small quantity of some substance not yet 
considered; or the sulphur may be in a state which only arises 
when it is liberated from combination in an organic medium. 


Preparation of Monothioethylene Glycol, SH-CH,*CH,°OH. 


The experiment described by Carius (Annalen, 1862, 124, 257) 
has been repeated with a solution of potassium hydroxide (Il2 
grams) in water (100 grams) saturated with hydrogen sulphide, 
200 c.c. of alcohol (96 per cent.) and 80 grams of ethylene chlor- 
hydrin, the temperature being maintained at 0°. The ultimate 
products were 24 grams of monothioethylene glycol and 16 grails 
of a viscous oil consisting of a mixture of thiodiglycol and d- 
hydroxydiethyl disulphide with some diethylene disulphide, which 
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gt to a waxy mass on cooling. Water or acetone separated the 
white disulphide, which, in this impure condition, melted at 
95—100°. This substance is produced from the mercaptan by the 
ation of the slight excess of hydrochloric acid in the solution, 
for it has been found that it is slowly produced when a solution 
of the mercaptan in dilute hydrochloric acid is allowed to stand 
in the cold : 
2SH-CH,°CH,°OH = C,H,S, + 2H,0. 


This waxy residue is no doubt similar to the substance obtained 
by Carius on heating his specimen on the water-bath, when the 
merceaptan would have been partly volatilised and partly oxidised. 
This may also explain the discrepancy observed by Victor Meyer 
(Ber., 1886, 19, 3260) between the properties of thiodiglycol as he 
obtained it, and those described by Carius. 

The preparation of monothioethylene glycol is best conducted 
inconcentrated aqueous solution : 225 grams of crystallised sodium 
silphide are melted on the water-bath and saturated with hydrogen 
sulphide (compare Bloxam, T., 1900, 67, 761). The solution is 
cooled to 50° and 70 grams of ethylene chlorohydrin are gradually 
added with stirring, the temperature being kept at 55—65°. The 
mixture is maintained at 60° for twenty minutes after the reaction 
has apparently subsided and then cooled, 60 c.c. of glacial acetic 
aid are cautiously added, and the solution, together with the 
sodium chloride which has separated, is extracted repeatedly with 
ether. The extract is dried over anhydrous sodium sulphate, and 
evaporated, and the residue distilled in a vacuum in a current of 
coal gas. The yield of the monothio-glycol is 50—55 per cent. of 
the theoretical. 

Monothioethylene glycol is a colourless liquid, b. p. 58°/18 mm., 
DP? 1:1153, n? 1°4443. It has a characteristic odour and is miscible 
with water. 

A more detailed study of the reactions of this substance is being 
undertaken. 


BB’-Dichlorodiethyl Disulphide. 


Monothioethylene glycol was oxidised to the corresponding 
dihydroxy-disulphide in aqueous solution by hydrogen peroxide, 
ferric chloride, or sodium hypobromite. The crude product was 
rmoved by ether and obtained as a viscous syrup. This was 
heated on the water-bath for an hour with four to five times its 
weight of concentrated hydrochloric acid, and the crude dichloro- 
diethyl disulphide, which separated as a yellow oil in quantity 
fom a half to three-quarters of the weight of the monothio-glycol 
wed, was purified by repeated fractionation in a vacuum. 


Q 2 
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An alternative method was the following. Sulphur (32 grams) 
was dissolved in a solution of 240 grams of hydrated sodium 
sulphide in 150 c.c. of water by warming, 160 grams of ethylene 
chlorohydrin were gradually added with shaking and cooling, and 
when the reaction was completed the product was removed in 
ether. The syrup (159 grams) obtained after evaporation of the 
ether, consisting of a mixture of dihydroxydiethy! disulphide with 
some monosulphide and higher polysulphides, was heated for an 
hour on the water-bath with 600 c.c. of concentrated hydrochloric 
acid, when 140 grams of a yellow oil separated. This oil was 
dried and distilled in a vacuum and yielded 70 grams of approxi- 
mately pure dichlorodiethyl disulphide. The specimen contained, 
however, some diethylene disulphide, formed at the end of the 
distillation by the decomposition of some polysulphides, from 
which it was separated completely by fractional distillation only 
with great difficulty. 

BB’-Dichlorodiethyl disulphide was finally obtained as a faintly 
straw-coloured oil, b. p. 155°/30 mm., D? 1°3375, (n/n1,0) a9 608 
(Found: S = 33°67; Cl = 36°0, 35:4. C,H,Cl,S, requires S = 33°50; 
Cl = 37°17 per cent.). A similarly low value for chlorine was 
obtained on analysing repeatedly distilled specimens of the mono- 
sulphide (Found : Cl = 41°8), whereas the monosulphide purified 
by repeated freezing gave Cl = 44°7 (C,H,CI,S requires Cl = 446 
per cent.). Purification of the disulphide by similar methods was 
impossible, as it could not be induced to crystallise at — 10°. 

This compound resembles the monosulphide in many of its 
properties. It has, when pure, but little odour, but when exposed 
to the air for some time it develops the same characteristic “ mus- 
tard”’ smell, which has given rise to the popular name of the 
monosulphide. Its vesicant action was found by comparison to 
be less than one-third of that of the monosulphide. 

It yields a white precipitate of variable composition with ai 
alcoholic solution of mercuric chloride. A double compound with 
cuprous chloride could not be obtained (compare Hollely, loc. cit.). 

The chlorine present in the disulphide is remarkably reactive, 
a specimen warmed for five minutes with an alcoholic solution of 
potassium hydroxide yielding all its chlorine in the ionic condition. 
The action of aniline at 100° removes the chlorine with the pr- 
duction of an oil from which no crystalline derivative can be 
isolated. Alcoholic ammonia at 60° also removes the chlorine, 
but diaminodiethy] disulphide (Gabriel and Colman, Ber., 1912, 
45, 1644) cannot be detected among the products. It is probable 
that the by-products formed in the reaction with sodium phenoxide 
(below) here arose in even greater proportion. 
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BENNETT : 88’-DICHLORODIETHYL DISULPHIDE. 


Action of Sodium Phenoxide on the Disulphide. 


When dichlorodiethyl disulphide was boiled in alcoholic solution 
vith a slight excess of sodium phenoxide (compare Helfrich and 
Reid, J. Amer. Chem. Soc., 1920, 42, 1208) the reaction was com- 
pleted in half an hour, and when the solution was poured into a 
dilute aqueous solution of an alkali the oil which separated soon 
wlidified. It was freed from impurities of unpleasant odour by 
repeated crystallisation from methyl alcohol and from light petrol- 
em, and B’-diphenoxydiethyl disulphide was obtained in small, 
ilvery plates, m. p. 96—97° (corr.) (Found: S = 210. C,,H,,0,8, 
requires S = 20°9 per cent.). 


Reaction with Sodium Sulphide. 


When the dichloro-disulphide was warmed with an aqueous- 
alcoholic solution of sodium sulphide, a white solid was produced 
which melted at 100—125° and consisted of diethylene disulphide 
ad its polymeride. The product on heating gave a sublimate, 
m. p. 110°, which was not depressed by admixture of diethylene 
disulphide. 


Oxidation of BB’-Dichlorodiethyl Disulphide. 


The dichloro-disulphide was oxidised by hydrogen peroxide 
2 atom. O) in glacial acetic acid solution, a yellow liquid being 
obtained, which could not be induced to crystallise. 

8’-Dichlorodiethyl disulphide (1 gram) was warmed with dilute 
nitric acid until it dissolved, the solution was evaporated twice 
on the water-bath, and the residue dissolved in water. The 
solution was boiled with lead carbonate, the lead salt obtained 
(24 grams) was dried at 100°, and converted into the ammonium 
salt by boiling with a solution of ammonium carbonate, filtering, 
and evaporating the filtrate to dryness. The ammonium f-chloro- 
ethanesulphonate, after crystallisation from 95 per cent. alcohol, 
melted at 194° (corr.) (Kohler, Amer. Chem. J., 1897, 19, 737, 
gives 192°) (Found: N = 10°7. Calc., N = 10°5 per cent.). 


50, Crry Roan, E.C.1. [Received, February 14th, 1921.] 
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LIII.—Experiments on the Production of Compounds 
containing Arsenic as a Centre of Optical Activity. 


By Grorce JosepH Burrows and Eustace EBENEZER TURNER. 


MiIcHAELIS (Annalen, 1902, 321, 159) and Winmill (T., 1912, 104, 
718) showed that certain derivatives of arsenic of the type As(abed)X 
could not be obtained in an optically active condition. It appeared, 
however, to be necessary to attempt the resolution of different 
types of asymmetric arsenic compounds before concluding that 
arsenic is peculiar in not functioning as a centre of optical activity 
in any of its derivatives. 

In view of the ease with which the resolution of kairoline oxide 
was accomplished by Meisenheimer (Annalen, 1911, 385, 117), 
the authors prepared the compound : 


the oxide of which would be the arsenic analogue of kairoline 
oxide, and, assuming the stereochemical relationships of the valencies 
of arsenic to be similar to those obtaining in the case of nitrogen, 
should be capable of resolution. The new arsine, for which the 
name As-methyltetrahydroarsinoline is suggested, is formed when 
aluminium chloride is allowed to act on y-phenyl-n-propylmethyl- 
chloroarsine. Before this ring-closure was attempted, experi- 
ments were conducted on the action of aluminium chloride on 
mixtures of benzene with various chloroarsines, and it was found 
that, although as stated by Michaelis and others (Annalen, 1880, 
201, 184, etc.) the Friedel-Crafts’ reaction was not generally applic- 
able in the preparation of arsenic compounds, monochloroarsines 
were readily converted into tertiary arsines by the reaction in 
question, phenylmethylchloroarsine, for example, being readily 
converted into diphenylmethylarsine in the presence of benzene. 
An interesting case of selective action was observed in this con- 
nexion, a mixture of y-phenyl-n-propylmethylchloroarsine and 
benzene giving no phenylpropylphenylmethylarsine, but only 
As-methyltetrah ydroarsinoline. 

Owing to lack of material the arsinoline could not be prepared 
in sufficient quantity to allow an investigation of the oxide and 
of the hydroxyarsinolinium compounds with active acids. 

As a second series, an arsenic analogue of the asymmetric amine- 
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and phosphine-oxides was studied. The majority of the asym- 
metric arsine oxides are liquids, and in view of the uncertainty 
attached to such compounds an endeavour was made to obtain 
asolid oxide; after many experiments a solid arsine was finally 
obtained (phenyl-«-naphthylmethylarsine), and from this a well- 
iefined oxide was prepared. It combined readily with d-«-bromo- 
amphor-7-sulphonic acid, but the bromocamphorsulphonate ob- 
tained in this way gave no indication of being separable into two 
substances of different rotatory power. 

Attention was finally directed to the study of substances of the 
imple, asymmetric arsonium type. A large number of such 
empounds were prepared, but two series only were suitable to 
the investigation. 

The first series, derived from the homopiperonylphenyl-«- 
naphthylmethylarsonium ion, gave indefinite results. The bromo- 
camphorsulphonate could not be obtained free from alcohol of 
aystallisation, and although on fractionation definite indications 
of resolution were observed, the authors hesitated to regard this 
as sufficient evidence for the existence of optically active arsenic 
derivatives, particularly in view, on the one hand, of the difficulty 
with which the crystallisation of the bromocamphorsulphonate 
was attended, and, on the other, of the impossibility of obtaining 
inthe active condition an arsenic compound free from camphor. 

The second series, derived from the phenyl-«-naphthylbenzyl- 
methylarsonium ion, gave definite results, one recrystallisation 
of the bromocamphorsulphonate affording a substance the mole- 
cular rotation of which, [M], + 300°, differed by some twenty 
wits from the rotation of the bromocamphorsulphonic ion (+ 278°) ; 
further recrystallisation produced no effect on the molecular rota- 
tion. This substance, on treatment with potassium iodide or 
bromide, was converted into the haloid salt, which had a definite, 
positive rotation. Racemisation occurred with such rapidity, 
however, that on no occasion was a molecular rotation of more 
than 12° (iodide) obtained. Racemisation would appear to occur 
as the result of the tendency of quaternary arsonium salts to dis- 
sociate readily in solution; thus, the iodide of the series in question 
dissociated in chloroform solution, at least partly, to give benzyl 
iodide and phenyl-«-naphthylmethylarsine. 

The tendency of derivatives of quinquevalent arsenic to break 
down in solution into derivatives of tervalent arsenic would appear 
to be more pronounced than the tendency of similar derivatives 
of nitrogen, and besides affording a possible explanation of the 
failure of previous workers to obtain optically active derivatives 
of arsenic, would account for other anomalies observed in the 
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study of the organic derivatives of this element, such as the properties 
of the additive compounds described in a previous paper (Burrow 
and Turner, T., 1920, 117, 1373), the intramolecular change referred 
to in the experimental portion of this paper in connexion with the 
heterocyclic derivative, and also the crystallisation, from solution, 
of mixtures of quaternary salts as a result of the interaction of an 
arsine and an alkyl iodide. 


EXPERIMENTAL. 
y-Phenylpropyl Alcohol and y-Bromopropylbenzene. 


y-Phenylpropy] alcohol was prepared by reducing ethyl 8-phenyl- 
propionate with sodium and alcohol by Bouveault’s method (Comp. 
rend., 1903, 136, 1676). The use of absolute alcohol was necessary, 
as the presence of water in small quantity caused the formation 
of insoluble sodium salts, which coated the sodium and prevented 
its dissolution. A solution of ethyl $-phenylpropionate (23°5 c.c.) 
in 125 ¢c.c. of absolute alcohol was slowly added, under reflux, to 
a vigorously shaken mixture of small pieces of sodium (19 grams) 
and broken glass, the last traces of sodium were destroyed by the 
addition of 50 c.c. of absolute alcohol, and the solution was carefully 
decomposed with water. The products of several such reductions 
were united, acidified with hydrochloric acid, neutralised with 
sodium carbonate, freed from alcohol by distillation and extracted 
with ether. From the extract phenylpropyl alcohol, b. p. 124— 
125°/16 mm., was obtained in amount corresponding with a 65 per 
cent. conversion, whilst by acidifying the extracted solution and 
again extracting with ether, 6-phenylpropionic acid was recovered, 
the total loss of material amounting to less than 10 per cent. of 
the initial quantity. 

The bromo-compound was readily prepared by Rupe and Biirgin’s 
method (Ber., 1910, 43, 178). 


y-Phenyl propyldimethylarsine. 


(a) Dimethyliodoarsine.—The following method of preparation is 
simpler than that described previously (Burrows and Turner, /o. 
cit.). 

Arsenious oxide (320 grams), methyl] iodide (206 c.c.), and sodium 
hydroxide (388 grams) were dissolved together in aqueous alcohol. 
After about twenty hours, the alcohol was removed by distillation 
and the residue acidified with hydrochloric acid and saturated 
with sulphur dioxide. The methyldi-iodoarsine that separated 
(835 grams) was removed, dissolved in 1700 c.c. of alcohol, and 
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treated with a solution of 408 grams of sodium hydroxide in 600 c.c. 
of water and with 170 c.c. of methyl iodide. On the next day the 
alcohol was removed by distillation, and the residue acidified with 
hydrochloric acid and saturated with sulphur dioxide. The yield 
of dimethyliodoarsine (435 grams) was 58 per cent. of that theor- 
cically obtainable from the arsenious oxide used. 

(b) y-Phenyl propyldimethylarsine.—Dimethyliodoarsine (35 grams) 
dissolved in 100 c.c. of benzene, was slowly added, with shaking, to 
a Grignard reagent prepared from 40 grams of y-bromopropyl- 
benzene, 5 grams of magnesium, and 100 c.c. of ether, the mixture 
finally being heated in warm water for an hour. The formation 
of an additive compound in considerable quantity necessitated 
the extraction of the ethereal solution (obtained in the usual manner 
from the reaction product) with an aqueous solution of sodium 
hydroxide. The arsine was finally obtained as a colourless, highly 
refractive liquid, b. p. 133°/14 mm. (Found: As = 32°9. C,,H,,As 
requires As = 33°5 per cent.). The yield was 65 per cent. of the 
theoretical. 
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r, 2 The methiodide was formed readily, and crystallised from water 
ams) @ incolourless needles melting at 144° (Found : I = 34°3. C,.Hg9IAs 
‘the requires I = 34°7 per cent.). 

‘ully An additive compound, C,,H,,As,Me,AsI, was formed when the 
ions @ atsine (1 mol.) was mixed with dimethyliodoarsine (1 mol.). It 
vith @ crystallised from ether, methyl] alcohol, or even from concentrated 
ted | hydrochloric acid, and formed colourless prisms melting at 78—81°. 
4— It was completely dissociated into its components in benzene solu- 


tion (Found : I = 27°8; M. [by the cryoscopic method in benzene] 
222, 224. C,,H,,1As, requires I = 27°9 per cent.; M. = 456). 
y-Phenylpropyldimethylarsine is the only one of the twelve or 
more arsines examined that forms an additive compound with 
dimeth yliodoarsine. 


Phenylmethyliodoarsine and Phenylmethylchloroarsine. 


The method previously described for the preparation of these 
compounds (Burrows and Turner, loc. cit.) has been greatly simpli- 
fed. A solution containing 365 grams of phenyldichloroarsine, 
1200 ¢.c. of aleohol, 280 grams of sodium hydroxide and 260 grams 
of methyl iodide, after remaining for one day, was neutralised with 
hydrochloric acid. The sodium chloride was removed by filtration 
and the aleohol by distillation, the phenylmethyliodoarsine, which 
separated to a considerable extent at this stage, was redissolved 


d by adding water, and the solution saturated with sulphur dioxide 
- after the addition of hydrochloric acid. In this way 435 grams 


Qt 
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of phenylmethyliodoarsine were obtained. The corresponding 
chloro-compound was prepared from it by the method previously 
described. 


Conversion of Phenylmethylchloroarsine into 
Diphenylmethylarsine. 


A mixture of 15 grams of the chloro-compound, 60 grams of 
benzene, and 10 grams of aluminium chloride was gently heated 
for two hours. Hydrogen chloride was evolved immediately, 
The product was decomposed with ice and dilute hydrochloric 
acid, and 7 grams of pure diphenylmethylarsine (identified as the 
methiodide) were obtained. 


y-Phenylpropylmethylchloro- and -bromo-arsines. 


y-Phenylpropyldimethylarsine (45 grams) was treated in carbon 
tetrachloride solution with chlorine (1 mol.) dissolved in the same 
solvent. The pale yellow solution obtained in this way was evapor- 
ated and the residue heated at 160—180°, when it decomposed 
readily with the evolution of methyl] chloride, volatile chloroarsines 
and y-chloropropylbenzene also being formed in small quantities. 
The required chloroarsine was obtained (22 grams) as a colourless 
liquid, b. p. 164—167°/14 mm., when the final residue was distilled 
under diminished pressure. It could not be obtained free from 
traces of the original arsine which had been formed by the dis- 
sociation of the dichloride into its parent substances (Found: 
Cl = 13°5. Cy gH,,ClAs requires Cl = 14°5 per cent.). 

The corresponding bromo-compound was obtained in a similar 
manner. The dibromide of the original arsine decomposed readily 
at 170° and y-phenylpropylmethylbromoarsine, a colourless liquid, 
b. p. 177—180°/16 mm., was produced, but it contained traces of 
dibromoarsine (Found: Br = 28°6. C,)H,,BrAs requires Br= 
27°7 per cent.). 

As-Methyltetrahydroarsinoline. 


1. Preparation in Carbon Disulphide Solution. (a) From y-Phenyl- 
propylmethylchloroarsine.—A mixture of the chloroarsine (5 grams), 
carbon disulphide, and aluminium chloride (2°7 grams) was gently 
boiled for three hours, when hydrogen chloride ceased to be evolved. 
The product was decomposed with ice, and the mixture, after being 
acidified, was extracted with carbon tetrachloride. From the 
extract, by distillation under diminished pressure, 2 grams of 
As-methyltetrahydroarsinoline, a colourless liquid, b. p. 140°/14 mm., 
were obtained (Found : C = 56°6; H = 5°8; M. [by the eryoscopie 
method in benzene] 205, 206. C, 9H,3As requires C = 57°7; H = 58 
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pr cent.; M. = 208). The difficulty of separating arsines from 
dloroarsines was again encountered here, and although the boiling 
pint of the substance analysed was quite constant, the preparation 
id the pure arsinoline from the small quantity of material was 
impossible. Its constitution, however, is proved by the analysis 
its derivatives and by the value of the molecular weight. 

As-Methyltetrahydroarsinoline is a highly refractive liquid having 
iw odour faintly suggestive of quinoline. It is slowly oxidised in 
the air and dissolves in concentrated sulphuric acid to give a colour- 
iss solution, from which water precipitates the unchanged arsine. 

The methiodide is readily formed, and crystallises from alcohol 
ot water in colourless prisms melting at 235° (Found: I = 36:1. 
(,H,fAs requires I = 36°3 per cent.). A hot, alcoholic solution 
has a yellow colour, which disappears when the solution is cooled. 
This property is probably due to an intramolecular change, 

CH,°CH CH,°CH,°CH,I 
CoH <a sMe,I-> CH = CoH sate, ities 
arapid estimation of the iodine content with a dilute, alcoholic 
wlution of silver nitrate gave a value 7 per cent. lower than that 
ibtained by the usual analytical method. 

The platinichloride, obtained in the usual manner, is a yellow, 
nicrocrystalline powder melting at 170° (Found: Pt = 23°9. 
2C,)H,,4s,H,PtCl, requires Pt = 23°7 per cent). 

The arsinoline forms other well-defined salts, the picrate and 
the picrolonate being yellow, crystalline solids. 

(b) From y-Phenylpropylmethylbromoarsine.—The bromoarsine (21 
gams) was treated in the same manner as the chloro-compound, 
ad gave rise to 10 grams of the arsinoline. 

(2) In Benzene Solution.—The chloro-arsine (10 grams), when 
gently heated for three hours with 70 c.c. of benzene in presence 
of 65 grams of aluminium chloride, gave rise to 6 grams of the 
asinoline, no phenyl-y-phenylpropylmethylarsine (see below) being 
formed. 

Phenyl-y-phenylpropylmethylarsine. 


Phenylmethyliodoarsine (88°3 grams) was slowly added to a 
Grignard reagent prepared from 63 grams of y-bromopropylbenzene, 
0 grams of magnesium, and 300 c.c. of ether. After the usual 
ptocedure the final ethereal extract was washed with an aqueous 
lution of sodium hydroxide to remove the unchanged iodoarsine. 
The phenyl-y-phenylpropylmethylarsine (60 grams) obtained in this 
vay was a colourless, highly refractive liquid, boiling at 208°/17 mm. 
found: As = 261. C,,H,gAs requires As = 26°2 per cent.). 

The methiodide was formed readily, and crystallised from water 

Q* 2 


432 BURROWS AND TURNER: EXPERIMENTS ON 


in colourless rhombohedra melting at 102° (Found: I = 29% 
C,;H. IAs requires I = 29°7 per cent.). 

The dichloride was readily formed, but on heating gave a mixture 
of products, which was not further investigated. 


Phenyl-«-naphthylmethylarsine. 


This was prepared by the usual procedure. From 117 grams 
of phenylmethyliodoarsine, 94 grams of «-»romonaphthalene and 
14 grams of magnesium in ethereal solution, 102 grams of phenyl. 
a-naphthylmethylarsine, a colourless, crystalline solid, m. p. 58°, 
b. p. 236—238°/17 mm., were obtained (Found: As = 257, 
C,,H,;As requires As = 25°5 per cent.). The arsine was readily 
soluble in ether and crystallised best from alcohol. 

The methiodide was readily formed on the water >ath and separ. 
ated from concentrated alcoholic solution in colourless plates 
melting at 175° (Found: I = 289. C,,H,,IAs requires I = 291 
per cent.). 


Phenyl-«-naphthylmethylarsine Oxide. 


The preceding arsine was dissolved in chloroform and _ bromine 
(1 mol.; dissolved in chloroform) added, the mixture being well 
cooled to prevent bromination. The resulting solution was shaken 
with a slight excess of an aqueous solution of sodium hydroxide, 
the mixture separated, the chloroform layer washed with water, 
and then dried and evaporated. After the oxide had once been 
obtained crystalline, the residue in subsequent experiments became 
solid at this stage, and after being heated at 120° for a short time 
(to remove traces of the dihydroxide) yielded the oxide in an almost 
pure state. The latter was crystallised from toluene and formed 
colourless, well-defined prisms melting at 175° (Found: As = 237. 
C,,H,,0As requires As = 24°2 per cent.). 


Hydroxyphenyl-x-naphthylmethylarsonium d-«-Bromocamphor-1- 
sulphonate. 


The preceding compound, although almost insoluble in ethyl 
acetate, dissolved immediately in a solution of d-«-bromocamphor- 
x-sulphonic acid (1 mol.) in this solvent, with the evolution of 
heat. The bromocamphorsulphonate, m. p. 161°, being insoluble in 
cold ethyl acetate, crystallised from the solution on cooling (Found: 
C= 519; H=5:l. C,,H,,0;BrSAs requires C = 52:2; H=4! 
per cent.). Repeated attempts were made to separate this sub 
stance into two diastereoisomerides, but the differences of mole- 
cular rotation observed with successive crops of crystals, although 
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jefinite, were small and could not be appreciably increased by 

further fractionation. 

Xture #4 solution of the original bromocamphorsulphonate (0°4963 
m) in 10 ¢.c. of alcohol, diluted to 50 c.c. with water, gave 

in a 2-dem. tube a, +0°89°; [M], + 278°. (Silver d-«-bromo- 

amphor-7-sulphonate under similar conditions gave [M], + 277°). 

When the bromocamphorsulphonate was crystallised from alcohol, 


~~ or from a mixture of alcohol and ethyl acetate, the first crop 
Bo of crystals (in several preparations) invariably gave a rotation 
5g: of + 286° or slightly higher; for example, a solution containing 
257 (5210 gram in 50 c.c. of 20 per cent. alcohol gave in a 2-dem. 
adily tube, «, +0°96°; [M], + 286° (Found: C = 522; H=4°9 per 
” B cent.). 
par. he results, ;4owever, were regarded as insufficient evidence 
slates "por which to ..ase the assumption that arsenic was functioning 


- 99+ | 8a centre of optical activity in this compound. 


Methylethyliodoarsine. 


mine | Ethyldi-iodoarsine (250 grams) was dissolved in a solution of 
- wel] {122 grams of sodium hydroxide in 200 c.c. of water and 600 c.c. 
iaken § of alcohol, and the mixture treated with 75 c.c. of methyl iodide 
xide, f under reflux. Methylation was complete after a few hours, and 
vater, | the solution, having been neutralised and freed from alcohol, was 
been § acidified with hydrochloric acid and reduced with sulphur dioxide. 
came | The oil that separated was collected, dried, and distilled under 
time J diminished pressure, when 138 grams of methylethyliodoarsine, 
imost #4 yellow, oily liquid, b. p. 65°/14 mm., were obtained. It boiled 
rmed § With slight decomposition under atmospheric pressure, spontaneous 
237. J ignition occurring occasionally (Found: I = 51:2. C3H,IAs re- 
quires I = 51°6 per cent.). 


fied Phenylmethylethylarsine and Derived Asymmetric Quaternary 

Compounds. : 
ethyl] This arsine was obtained either from the preceding iodo-compound 
phor- ft and magnesium phenyl bromide, or from phenylmethyliodoarsine : 
on O' Jud magnesium ethyl bromide (Burrows and Turner, loc. cit.). It | 
le 4 combined readily with allyl bromide, homopiperonyl bromide, ; 
= «-bromoacetophenone, bromoacetic acid, and benzyl bromide; 4 
* = combination with the last-mentioned substance occurred violently 
sr with the formation of a glassy material, which was probably a 
a mixture and could not be crystallised. The same difficulty was 


‘ncountered with the other compounds. 
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Phenyl-«-naphthylmethylallylarsonium Bromide. 


Phenyl-«-naphthylmethylarsine combined readily with ally! 
bromide to give a colourless, crystalline compound melting and 
decomposing at 140° (Found: Br= 188. CHa BrAs requires 
Br = 19°3 per cent.). It proved unsuitable, however, fer conversion 
into a bromocamphorsulphonate. 


Phenacylphenyl-x-naphthylmethylarsonium Bromide. 


When phenyl-«-naphthylmethylarsine and w-bromoacetophenone 
were warmed together in molecular proportions, a glassy substance 
was produced, which, in contact with warm alcohol, slowly changed 
into a bulky, white, crystalline solid melting at 189° (Found: 
Br = 16°1. C,;H,,OBrAs requires Br = 16:2 per cent.). It dis- 
solved sparingly in cold alcohol, readily in hot alcohol, and was 
insoluble in acetone. 

The corresponding bromocamphorsulphonate was obtained as a 
glassy mass which resisted repeated attempts at crystallisation. 


Homopi peronylphenyl-«-naphthylmethylarsonium d-«-Bromo- 
camphor-z-sulphonate. 


Homopiperonyl bromide was prepared by treating homopiperonyl 
alcohol with twice its weight of hydrobromic acid (saturated at 0°), 
the use of a larger excess of the acid (Robinson and Robinson, T., 
1914, 105, 1463) being unnecessary. 

The bromide combined readily and quantitatively when warmed 
with a molecular quantity of phenyl-«-naphthylmethylarsine. The 
arsonium bromide was crystallised from alcohol and formed colour- 
less plates melting at 174—175° (Found : Br = 15°7. C,;H,.0,BrAs 
requires Br = 15°7 per cent.). 

The bromide was heated in alcoholic solution with the calculated 
quantity of silver d-«-bromocamphor-z-sulphonate, the silver 
bromide removed, and the filtrate evaporated under diminished 
pressure. After several days, a crystalline mass of stout needles was 
obtained. It was, however, impossible to obtain a really suitable 
solvent for the purpose of fractional crystallisation. The most suit- 
able one was absolute alcohol; very concentrated solutions in this 
solvent, however, only very slowly deposited crystals, which, mor- 
over, contained alcohol of crystallisation (Found : C = 56°3; H = 5%. 
C3;H3g0,BrSAs,C,H,O requires C = 56°6; H = 5:4 per cent.). 

Nevertheless, an attempt was made to separate the substance 
into two forms by fractional crystallisation from alcohol. The 
several fractions gave values of [M], varying from +278 
to +300°. On recrystallising a fraction of low rotation, the 
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molecular rotation could not be increased. Furthermore, it was 
impossible to obtain the arsonium bromide free from the bromo- 
camphorsulphonate. On mixing an aqueous solution of potassium 
bromide with a solution of the bromocamphorsulphonate in acetone, 
an oily precipitate separated, which became crystalline when 
rubbed, but was contaminated with the bromocamphorsulphonate 
even after thorough washing. 


Phenyl-a«-naphthylbenzylmethylarsonium Bromide and d-«-Bromo- 
camphor-7-sulphonate. 


Phenyl-«-naphthylmethylarsine and benzyl bromide combined 
readily on the water-bath to give the arsonium bromide, colourless 
prisms (from alcohol), m. p. 185° (Found: Br=17:1. C,,H,,BrAs 
requires Br = 17:2 per cent.). The bromide was readily soluble 
in hot aleohol, but dissolved sparingly in cold alcohol, from which 
it crystallised slowly. Although it was insoluble in water, it 
dissolved readily in cold dilute alcohol, a fact which can only be 
explained from the ionic point of view. 

When the bromide was treated with the calculated quantity of 
silver d-x-bromocamphor-z-sulphonate in the manner described 
above, the bromocamphorsulphonate was obtained as a glassy mass 
which became crystalline after remaining for a few days in contact 
with aleohol and ethyl acetate in a dry atmosphere. It was then 
found to crystallise from a mixture of alcohol and ethyl acetate, 
from acetone, or from a mixture of acetone and ether. This 
bromocamphorsulphonate, unlike the homopiperonyl derivative 
described above, separated rapidly from its solutions, and the 
various crops of crystals were analytically identical (Found : 
C= 584; H=5°3. C,,H,,0,BrSAs requires C = 58°7; H = 5-2 
percent.). The original substance formed colourless prisms melting 
at 187° and was more soluble in a mixture of acetone (or alcohol) 
and water than in acetone (or alcohol), although it was almost 
insoluble in water. 

The molecular rotation was determined in a 20 per cent. solution 
of acetone at 20°, parallel determinations being made with silver 
d-2-bromocamphor-z-sulphonate. A solution containing 0°4952 
gram in 50 ¢.c. gave, in a 2-dem. tube, «, +0°80°; [M], + 281° 
(05112 gram of the silver salt gave [M], + 278°). The bromo- 
camphorsulphonate was then recrystallised once from a mixture 
of acetone and ether: 0°4984 gram, under the conditions stated 
above, gave a, + 0°86°; [M], + 300°. The product obtained 
in this way, representing less than one-third of the original 
bromocamphorsulphonate, was then recrystallised four times from 
the same medium, but suffered no change of rotatory power. 
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Fresh samples of the bromocamphorsulphonate were prepared 
from the bromide on several occasions, and the same results were 
obtained after crystallisation. The authors regard this as evidence 
that the arsenic atom is capable of acting as a centre of optical 
activity, the arsonium ion in the most active of the bromocamphor- 
sulphonate solutions having [M], + 20°. Attempts to obtain 
evidence of the existence of the /-arsonium ion were unsuccessful. 

d-Phenyl-«-naphthylbenzylmethylarsonium d-«-bromocamphor- 
x-sulphonate has the same melting point as the dl-isomeride, which 
apparently is a pseudo-racemic mixture. When treated in aqueous- 
acetone solution with an aqueous solution of potassium iodide, the 
arsonium iodide separated in colourless needles melting at 186—187° 
(Found: I = 24°6. C,,H, IlAs requires I = 24°8 per cent.). The 
d-iodide is soluble in cold chloroform or in a cold mixture of alcohol 
and water, also in warm alcohol or warm acetone; solutions in the 
last two solvents deposit crystals of the inactive iodide after cooling 
for some time. Solutions of the d-iodide in these solvents were 
examined polarimetrically and in every case a positive rotation 
was observed, which, although small, was quite definite; the 
highest molecular rotation obtained was given by a solution pre- 
pared by dissolving 10258 grams in a warm mixture of 25 c.. 
of acetone and 15 c.c. of alcohol, which, after cooling in the 
absence of nuclei, gave in a 2-dem. tube, «, +0°10°; [M], + 12°. 
When the d-iodide was recrystallised from hot acetone or alcohol, 
the product was inactive and melted at 183—184°. The melting 
points of the active and the inactive iodides varied over one or two 
degrees according to the rate of heating. The observed rotations 
of solutions in chloroform or in aqueous-alcoholic mixtures were of 
the order [M], + 5°. 

The bromide, prepared in a similar manner as the iodide, gave 
results of the same type. The d-bromide was obtained in colourless 
crystals melting at 187—188°, but racemisation in solution was 
rapid and the highest molecular rotation observed was [M], + 5°. 


Formation and Dissociation of Quaternary Arsonium 
Compounds. 


The melting point of the methiodide derived from phenyldiethyl- 
arsine has been recorded as 75—77° (Burrows and Turner, loc. cit.), 
and 122° (Michaelis, Annalen, 1902, 320, 296). Methyl iodide and 
phenyldiethylarsine (the latter prepared from phenyldichloroarsine 
by the action of either zinc ethyl or magnesium ethyl bromide) 
have now been allowed to interact under a variety of conditions; 
the product had a melting point within a few degrees of that 
previously recorded by us. Products having almost the same 
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nelting point have also repeatedly been obtained from ethyl iodide 
and phenylmethylethylarsine (prepared from phenylmethyliodo- 
arsine and also from methylethyliodoarsine). The analysis of each 
of these products agrees approximately with the formula C,,H,,IAs, 
and it is possible that our products, none of which has a well-defined 
melting point, are mixtures of one molecular proportion of phenyl- 
trimethylarsonium iodide with two molecular proportions of pheny]- 
triethylarsonium iodide. We have been unable to isolate under 
any conditions a compound melting at 122°. 

Similarly, when phenyldimethylarsine was allowed to react with 
ethyl iodide, the product varied with the conditions (solvent, 
temperature, etc.) employed. Thus, on allowing a mixture of 
the arsine and ethyl iodide in ethereal solution to remain over- 
night, a very small crop of crystals, m. p. 190°, was deposited. The 
main product obtained by warming the filtrate on the water-bath, 
melted at 142°, and was identical with the methiodide of phenyl 
methylethylarsine (described previously). The product melting at 
19° gave I[=38°6. PhMe,EtAsI requires I = 37°6, PhMe,AsI 
requires I = 39°2 per cent. This result is extraordinary, since it 
involves the replacement of an ethyl group by a methyl group in 
the presence of an excess of ethyl iodide, and the result can only 
ie explained by assuming that the first product is phenyldimethyl- 
asine ethiodide, which dissociates to form phenylmethylethyl- 
arsine and methyl iodide, the latter then combining with unchanged 
phenyldimethylarsine. On the other hand, the product from 
phenylmethylethylarsine and methyl iodide always melted at 142°. 

In view of these results it seems improbable that quaternary 
arsonium compounds containing two similar radicles can exist in more 
than one form. Repeated attempts have been made to throw 
light upon this question, and each result necessitates the same 
cnelusion. It has been found, for example, that identical pro- 
ducts are obtained from «-naphthylmethylethylarsine and methyl 
iodide and from «-naphthyldimethylarsine and ethyl iodide, and 
ao from y-iodopropylbenzene and phenyldimethylarsine and from 
yphenylpropyldimethylarsine and methyl iodide. Again, although 
phenyl-«-naphthylmethylarsine as a rule behaves normally with 
ikyl haloids, it gives a mixture of products when warmed with 
thyl iodide. The results, in fact, recall the work of Pope (T.. 
191, 79, 831 ; 1912, 101, 529), and others on quaternary ammonium 
ults, except in so far as the latter are apparently far less easily 
tissociated than the analogous derivatives of arsenic. 


Tae Untversiry CHEMICAL LABORATORIES, 
Sypney, N.S.W. [Received, February 17th, 1921.] 


GIBSON AND MACBETH : 


LIV.—The Action of Alkyl Nitrates on Piperiding, 
By Davip TEMPLETON GrBson and ALEXANDER KILLEN Macsety, 


In a previous paper (Addy and Macbeth, T., 1916, 109, 754), atten. 
tion was directed to the action of alkyl nitrites on bases of the 
pyridine type, and it was seen that the mixing of such compounds 
led to the formation of the nitrate of the base. As the nitrites were 
without action on secondary bases, such as piperidine, it seemed of 
interest to examine the effect of alkyl nitrates in such cases. The 
results obtained are now recorded. 

A mixture of freshly distilled piperidine and isoamyl nitrate 
in a sealed tube will have separated after a few days into two layers. 
If special care is taken to dry the starting materials thoroughly, 
no such separation will take place, but after the lapse of three or 
four days the entire liquid mixture will have become filled with a 
mass of thin, lustrous plates. The crystals obtained in this way 
are very deliquescent and are readily soluble in water. They are 
soluble also in alcohol, but are insoluble in ether or benzene. 
Traces of water in the solvents are readily taken up by the crystals 
and they are thus converted into a liquid, from which it is difficult 
to obtain a solid product again. On this account the substance 
cannot be recrystallised from alcohol, and the most practical method 
of purification consists in repeatedly washing the crystals with ether 
(distilled over sodium) and subsequently drying them in a vacuum 
oven. The crystals purified in this way melt at 173—174°, and 
are found to be piperidine nitrate. 

Assuming that a mixture of tsoamyl nitrate and piperidine yields 
the nitrate of the base, it is possible that the reaction may follow 
either of two main courses, giving as a second product (a) 8-methyl- 
A8-butylene (amylene) or alternatively (6) amylpiperidine. 


(a) C;H,,"NO, — C;H,,N = C;H,,N,HNO, =f C5H4p. 
(b) CsH,,"NO, + 2C,H,,N = C;H,,N,HNO, + C,H, N°C,H,,. 


It may be stated that all the evidence is in favour of the second 
alternative, as no traces of unsaturated substances have been 
detected in any of the reactions. Substituted piperidines, on the 
other hand, have been isolated. This is in agreement with the 
results of previous work on the action of alkyl nitrates on ammonia. 
Thus, Juncadella (Annalen, 1859, 110, 255; Compt. rend., 1859, 
48, 342; J. pr. Chem., 1859, [i], 77) has shown that methyl and ethyl 
nitrates, when heated with ammonia for several days in a sealed 
tube at 100°, give good yields of methylamine and ethylamine 
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respectively. Lea (Chem. News, 1861, 4, 71, 88), and Wallach 
(Ber., 1881, 14, 422) obtained similar results in the case of ammonia 
yd other nitrates. The formation of substituted piperidines 
yould thus appear to be part of a general reaction of alkyl nitrates 
on ammonia and partly substituted ammonias. 

The nitrates employed in the present work included the ethyl, 
propyl, isopropyl, n-butyl, tert.-butyl, and isoamyl compounds. 
4s some of the experiments were done on a comparatively small 
vale, the boiling points of the substituted bases were determined 
by the method described by Siwoloboff (Ber., 1886, 19, 795), when 
oly small quantities of liquid were available. 

isoAmyl Nitrate and Piperidine.—This was the first case examined 
and from the mixture of these compounds very pure piperidine 
nitrate, melting at 173—174°, was obtained. On treatment with 
sodium hydroxide it liberated a base which gave a hydrochloride 
melting at 236° (piperidine hydrochloride melts at 237°). The 
residue gave the tests for sodium nitrate, and it would thus appear 
that the solid produced by the action of isoamy] nitrate on piperidine 
is the nitrate of the base. This view is supported by the results 
of analyses (Found: Nitritic N [nitrometer method] = 9°66; 


ystals § total N = 18°9. C;H,,N,HNO, requires N = 18°91; nitritic N = 
ficult 9.45 per cent.). 

tance The results therefore agree with the values required for piperidine 
ethod nitrate, but Cahours (Quart. Journ. Chem. Soc., 1854, 6, 175) has 


described this compound as consisting of needle-shaped crystals 
prepared by the neutralisation of piperidine with dilute nitric acid, 
and subsequent concentration. It is evident that the substance 
described by us could not, on account of its deliquescence, be pre- 
pared by this method. All our attempts to prepare piperidine 
nitrate by neutralisation resulted in the formation of a deliquescent 
solid agreeing in properties with the substance obtained in the reac- 
tion of the base with isoamyl nitrate. The neutralisation method, 
however, does not yield nearly so pure a product. 

After removal of the crystals of piperidine nitrate from the 
reaction mixture of isoamyl nitrate and the base, the liquid remain- 
ing was fractionally distilled. No distillate was obtained below 
100°, and this points clearly to the fact that the reaction takes a 
course that does not involve the formation of amylene, as this boils 
at 33° and if present would have been detected in the distillation. 


nia. # A fraction was obtained distilling above 180°, but as considerable 
359, @ charring took place an alternative method of treatment was adopted. 
hyl J The liquid, after the removal of piperidine nitrate, was extracted 
led @ several times with concentrated hydrochloric acid, and any bases 


present were thus separated from the excess of isoamyl nitrate. 
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On evaporation, a solid hydrochloride was obtained, which op 
analysis was found to consist largely of isoamylpiperidine hydro. 
chloride (Found: Cl = 196. Cale., Cl=19°1 per cent.). Op 
treatment with sodium hydroxide, the hydrochloride liberates g 
base, which distils at 187—190°. The base gives a picrate on 
the addition of a solution of picric acid in ethyl acetate, and the 
recrystallised picrate melts at 134°. (isoAmylpiperidine, b. p. 186°, 
188°; isoamylpiperidine picrate, m. p. 133°.) As these constants 
are in agreement with values recorded for isoamylpiperidine, it js 
evident that the base is the substituted piperidine required by the 
equation already given. 

Ethyl Nitrate and Piperidine-—Two parts of piperidine were mixed 
with rather more than one part of ethyl nitrate and set aside in a 
closed tube. With thoroughly dry piperidine, the entire liquid 
was filled with crystals after three or four days at the ordinary 
temperature. The crystals, after having been separated from the 
liquid, were purified by the treatment already outlined, and identified 
as piperidine nitrate by analysis (Found: Nitritic N = 9°34 per 
cent.). 

The liquid remaining after the removal of the piperidine nitrate 
was fractionally distilled and a final fraction was collected at 124— 
128°. On treatment with a concentrated solution of picric acid 
in ethyl acetate this fraction gave a yellow, crystalline picrate 
melting at 165—167°. Ethylpiperidine boils at 128°, and ethyl- 
piperidine picrate melts at 163° or 167°, according to two different 
observations. The final fraction in the above distillation is, there- 
fore, evidently ethylpiperidine. 

Propyl Nitrate and Piperidine.—In this case also the separation 
of piperidine nitrate occurred in the usual way in the course of a 
few days. The filtrate was examined, but as considerable charring 
took place on distillation, the alternative process, extraction by 
hydrochloric acid, was adopted. The hydrochloride so obtained 
gave afree base which distilled at 148—149°. This yielded a picrate, 
melting at 108°, on treatment with a concentrated, aqueous solution 
of picric acid. Propylpiperidine boils at 149—150°, and propyl- 
piperidine picrate melts at 108°. 

Butyl Nitrate and Piperidine.—The reaction in this case proceeded 
normally, and the liquid separated from the piperidine nitrate 
was treated with acid as described in the preceding case. As no 
reference to butylpiperidine could be traced in the literature, the 
percentage of chlorine in the hydrochloride, and the amount of 
platinum in the platinichloride, m. p. 218°, of the base, were estimated 
(Found : Cl = 20°8. C;H,)N°C,H,,HCl requires Cl = 20°1 per cent. 
Found: Pt = 27:3. [C;H,)N°C,H,],,H,PtCl, requires Pt = 28'1 
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ercent.). The values obtained show that the base consists largely 
if butylpiperidine. On treatment of the hydrochloride with an 
kali the base was liberated as an oil boiling at 170—172°. 

In addition to the cases referred to above, similar results were 
ibtained with isopropyl nitrate and ¢ert.-butyl nitrate. In all 
the eases recorded the reaction was allowed to take place at 
the ordinary temperature, but the change can be accelerated by 
heating. 

Ethyl Nitrate and Diethylamine.—It was thought desirable to 
extend the work and study the reaction in the case of bases other 
than piperidine; ethyl nitrate and diethylamine were examined 
cordingly. The reaction followed the usual course, and after 
three days the formation of crystals had occurred. The mixture 
vas kept for a few more days to allow the reaction to proceed fully. 
The liquid was then drawn off from the crystals and examined. 
Treatment with hydrochloric acid extracted a base, which when 
liberated by sodium hydroxide distilled at 88° (triethylamine, 
b, p. 88—89°). The base was converted into the ferrocyanide, in 
which the percentage of ferric oxide was estimated (Compt. rend., 1902, 
134,901). Difficulty was experienced in preventing decomposition 
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“ig ofthe salt, but considering its nature the result was in fair agreement 
al with the theoretical value (Found : Fe,0, = 36°5. Cale., Fe,05 = 
dia 382 per cent.). The crystals which separated from the mixture 
hvl. of the nitrate and the base were found to be diethylamine nitrate. 
men This compound is not so deliquescent as piperidine nitrate, but its 
a solubility in the various solvents is of a similar nature. It is soluble 
in alcohol and in water, insoluble in ether and in benzene. It was 
- purified by solution in alcohol and precipitation by ether. The 
fa purified product melted at 100° (diethylamine nitrate, m. p. 99—100°). 
ine On treatment with sodium hydroxide a base was liberated which 
by distilled at 53—55° (diethylamine, b. p.55°). It is therefore evident 
bi that the reaction follows the general course, taking place according 
te, to the equation : 
on EtNO, + 2NHEt, = NHEt,,HNO,; + NEts. 
vie From the results outlined above, and the previous work on the 
action of alkyl nitrates on ammonia, it would appear that the reaction 
: 8 @ general one for the preparation of more highly substituted, 
= aliphatic bases from ammonia or partly substituted ammonias. 
“ Solutions of diphenylamine gave no result, but this may probably 
r be attributed to its weakly basic nature. The absence of any 
7 teaction in the case of pyridine, quinoline, and bases of this type 


is doubtless due to the fact that since a tertiary nitrogen atom is 
present in them there is no possibility of an interchange of the 
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kind indicated in the typical equations of the reaction formulated {f® 
above. 


We wish to take this opportunity of expressing our thanks tof 
Professor A. W. Stewart for his interest during the course of this work. 


CHEMICAL RESEARCH LABORATORY, 
UNITED COLLEGE or St. SatvaTor AND St. LEONARD, 
UNIVERSITY oF St. ANDREWS. 
(Received, January 31st, 1921.] 


LV.—-The Friedel-Crafts’ Reaction. Part II. Mign- | 
tion of Halogen Atoms in the Benzene Nucleus, 


By Maurice Copisarow. 


Wuitst Part I. of this work (T., 1917, 111, 10) was devoted to 
the study of a complex case of a Friedel-Crafts’ reaction, the 
present investigation deals with a case both complex and anomalous. 
Dumreicher (Ber., 1882, 15, 1867) found the action of aluminium 
chloride on bromobenzene to result in the formation of small 
quantities of benzene, dibromobenzenes, and tarry matter, the 
greater part of the starting material remaining unchanged. Leroy’s 
work (Bull. Soc. chim., 1887, [ii], 48, 210) on p-bromobenzene 
followed a similar course. Kohn and Miiller (Monatsh., 1909, 30, 
407) obtained small quantities of phenol and bromobenzene by the 
action of aluminium chloride on a mixture of tribromophenol and 
benzene. The substitution of toluene for benzene did not alter the 
character of the reaction (Kohn and Bum, Monatsh., 1912, 33, 923). 

Dumreicher (loc. cit.) represented the mechanism of migration 
by the following equations : 

I. C,H;Br + Al,Cl, = C,H;-Al,Cl, + BrCl. 
II. C,H;Br + BrCl = C,H,Br, + HCl. 
Ill. C,H,;-Al,Cl, + HCl = C,H, + Al,Cl,. 

Considering that the existence of bromine chloride is still dis- 
puted, and that even if assumed to exist it is certainly unstable 
under the experimental conditions employed (Bornemann, Annalen, 
1877, 189, 206; Delépine and Ville, Compt. rend., 1920, 170, 1390), 
we can take it that the essential feature of the reaction is the 
presence of halogens in a nascent state. This is substantiated by 
the fact that aluminium chloride has no action on chlorinated 
hydrocarbons of the aromatic series (Dumreicher, Joc. cit. ; Friedel 
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und Crafts, Ann. Chim., 1887, [vi], 10, 413; Kohn and Miller, loc. 


i), unless some more reactive substance is present (Friedel and 

afts, loc. cit.). However, these observations apparently do not 
apply to ferric chloride (Thomas, Compt. rend., 1898, 126, 1213) 
and hydrocarbons of the ethylene and acetylene series (Delépine 
ind Ville, loc. cit.). 

The author, studying the action of aluminium chloride on bromo-: 
nd p-dibromobenzene, found the reaction to be complex, con- 
iensation, migration, and pyrogenic-like fission of the benzene 
hucleus taking place. These three distinctly different reactions 
fom three successive stages, which overlap one another to a 
konsiderable extent. Owing to the energetic character of the last 
wo reactions, the ordinary condensation with the formation of 
momodiphenyl is greatly inhibited. 

The fission of the benzene nucleus with the formation of carbon, 
bromo-derivatives of naphthalene, anthracene, etc., is favoured by 
atreme conditions of temperature and concentration of aluminium 
chloride. 

Whilst owing to the complexity of the reaction there can be no 
question of an equilibrium, in its strict sense, a qualitative applica- 
tion of the law of mass action is possible with advantage to the 
lucidation of the problem. 

Examining the equations set forth above as representing the 
course of migration of the halogen atoms, we see that the nascent 
bromine may attack, not only the starting material, that is, the 
tromobenzene, but also the products, the dibromobenzenes and 
nzene, probably the latter in preference, thus not only retarding, 
bt actually reversing the reaction. This, combined with the 
fthanced fission caused by the prolonged action of the aluminium 
diloride, resulted in the case of previous investigations in low 
ralues, the yield of the products of migration being 5 to 7 per 
tent. of the theoretical, calculated on the basis of the equation : 
HBr = C,H, + C,H,Bry. 

In the course of the present research it was found that the 
nigration of the bromine atom, as estimated by the formation of 
inzene, could be increased to 83 per cent. of the theoretical by : 

(1) Ensuring the continuous removal of benzene, immediately 
twas formed, from the sphere of reaction, and 
(2) Carrying out the reaction in a current of hydrogen chloride or 
lydrogen. 

The efficiency of the hydrogen chloride and hydrogen appears 
0 represent the combined effect of the chemical and mechanical 
tions, as the employment of such an inert gas as nitrogen 
tsulted in a certain improvement in the yield of benzene, although 
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a good deal below that obtained in the case of the gases previous) 
mentioned. 

An attempt to use phenol for the purpose of fixing the nascey 
bromine, and so facilitating the progress of migration, met wit) 
but partial success, owing to the great reactivity of phenol wit 
aluminium chloride. However, the formation of tribromophen 
‘and the almost complete disappearance of dibromobenzenes wer 
sufficient to show the validity of the anticipated effect. 

In addition to benzene and its bromo-derivatives, the reaction 
product was found to consist of traces of bromodiphenyl and 
bromo-derivatives of naphthalene and anthracene, these substances 
being identified indirectly through their products of oxidation. 

Whilst the action of aluminium chloride on bromo-derivatives 
of benzene is definite and energetic, aluminium chloride and 
aluminium bromide have no such effect on chloro- and bromo- 
derivatives of benzene respectively. The action of aluminium 
bromide on chloro-derivatives of benzene is very feeble. 

It is clear from these observations that in order to avoid side- 
reactions in Friedel-Crafts’ condensations, in which halogen deriv- 
atives of benzene are to be employed, chloro-derivatives of benzene 
must be used with aluminium chloride. 


EXPERIMENTAL. 
[With Cyrm Norman Hue Lone.} 


Experiment I1.—A mixture of bromobenzene (2 parts) and finely 
powdered aluminium chloride (1 part), when heated on the steam- 
bath for eight hours under reflux (with mechanical stirring), 
gradually assumed a dark red colour, solid matter was deposited, 
and hydrogen chloride and some hydrogen bromide were evolved. 
The reaction-mixture was treated with ice and a little hydrochloric 
acid and then distilled in a current of steam. 

The red oil obtained in the distillate was dried over sodium 
sulphate and fractionally distilled, the following fractions being 
collected : 

(1) Below 100°; (2) 100—185°; (3) above 185°. 

The first and the second fractions contained benzene and bromo 
benzene respectively. The fraction of high b.p. deposited after 
some time crystals of p-dibromobenzene (identified by the method 
of mixed m. p.). These were separated and the mother liquor agaill 
fractionated, when the bulk distilled at 217—218°, and was proved, 
in agreement with Dumreicher (loc. cit.) and Leroy (loc. cit.), 
consist of o-, m-, and a little p-dibromobenzene. The small residue 
solidified on keeping. It was separated by fractional crystallisation 
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fom alcohol into 1 : 3 : 5-tribromobenzene, m. p. 117°, and 1 : 2 : 4- 
tribromobenzene, m. p. 44°. 

The dark, tarry residue left after steam distillation was freed 
fom water and extracted with glacial acetic acid to separate the 
aarbonaceous matter, and the extract was treated with chromic 
Bid as in the case of the oxidation of anthracene. The reaction- 
mixture was poured into water, the mass made alkaline to litmus, 
and filtered. The residue crystallised from benzene in yellow 
needles melting at 188°, and was proved to be 1-bromoanthraquinone. 
EB The identity was confirmed by fusing the product with potassium 
hydroxide, when 1-hydroxyanthraquinone was formed, and not 
alizarin (which is produced from 2-bromoanthraquinone by this 
treatment). The alkaline filtrate was concentrated, cooled, acidified 
J} with hydrochloric acid, and immediately extracted with chloroform. 
From the extract p-bromobenzoic acid, m. p. 251°, was isolated. 
The solid remaining suspended in the acidified, aqueous solution 
after the extraction with chloroform was filtered off, fractionally 
crystallised from water, and sublimed. It was thus found to consist 
of 4-bromophthalic anhydride and a little 3-bromophthalic anhydride. 

These products of oxidation indicate that the reaction-products 
consist, in addition to benzene and its bromo-derivatives, of bromo- 
derivatives of diphenyl, naphthalene, and anthracene. 

The yield of benzene in this reaction was found to be 7 to 8 
per cent. of the theoretical. The yield of dibromobenzenes ap- 
proached that of benzene, although no strict relationship in yield, 
such as was assumed by Dumreicher (loc. cit.), could be detected, 
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rring), especially in the experiments to be described. The yield of the 
sited. @ Other products of yeaction was but small. 

olved. When the experimental conditions were altered by increasing 


the temperature of reaction and the quantity of aluminium chloride, 
or by passing a current of dry hydrogen chloride through the 
mixture during the reaction, the yield of benzene and of dibromo- 
benzenes was decreased, and that of the brominated anthracene, 
as indicated by the amount of oxidation products, increased. The 
residue was dark brown or biack, the quantity of unchanged 
bromobenzene was considerably decreased, and the amount of 


como: 
afte J carbonaceous matter greatly increased. In the product obtained 
hod by oxidising the residues very little bromophthalic acid and no 
gail bromobenzoic acid could be detected. 


At a lower temperature of reaction, with a smaller proportion 
of aluminium chloride or in the presence of a volatile solvent such 
as carbon disulphide, the reaction was feeble and the yields poor. 
The employment of benzene as a solvent had no marked effect 
on the course of the reaction. 
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Experiment II.—A mixture of bromobenzene (4 parts) and finely 
powdered aluminium chloride (1 part) contained in a distillation 
flask was heated in the steam-bath for eight hours, until benzene 
almost ceased to distil. The reaction was accompanied with the 
evolution of hydrogen chloride and hydrogen bromide, and the 
distillate was found also to contain some bromobenzene carried 
over by the benzene vapour. The product was worked up as in 
the previous experiment. The yields of benzene and of unchanged 
bromobenzene were 26 per cent. and 40 per cent., respectively, and 
the yield of dibromobenzenes was slightly lower than that of benzene, 

Experiment III.—This experiment was carried out under con- 
ditions similar to those employed in the previous experiment, with 
the difference that a current of dry nitrogen was passed through 
the mixture during the whole course of the reaction. 

The yield of benzene and of dibromobenzenes was found to be 
increased, the former being 42 per cent. of the theoretical. 

When dry hydrogen chloride was substituted for the nitrogen 
the yield of benzene was 78 per cent. of the theoretical, and that 
of dibromobenzenes 70 per cent., whilst with dry hydrogen the 
yield of benzene increased to 83 per cent., and that of dibromo- 
benzenes decreased to 67 per cent., 10°5 per cent. of bromobenzene 
being recovered unchanged. The quantity of fission products and 
carbonaceous matter was small. 

The quantity of tribromobenzenes, though small, increased with 
the yield of dibromobenzenes, the amount of 1 : 3: 5-tribromo- 
benzene being considerably in excess of that of the 1 : 2 : 4-isomeride. 

In the experiment with hydrogen, a marked increase in the 
evolution of hydrogen bromide was noted. Thg gases were passed 
at the rate of three bubbles per second, since some benzene was 
lost when a rapid current was used and some bromobenzene was 
carried over with the gases. 

Experiment IV.—The interaction of bromobenzene (12 parts), 
phenol (4 parts), and aluminium chloride (3 parts) was allowed to 
proceed under conditions identical with those described in experi- 
ment III. No carbonisation took place; the small residue left 
after the distillation with steam was soluble in alkalis and proved 
to be tribromophenol. The yield of benzene (reaction in presence 
of hydrogen chloride) was 35 per cent. of the theoretical, but only 
traces of dibromobenzenes were formed. This experiment indicates 
even more clearly than the last experiment (in presence of hydrogen) 
the possibility of modifying the course of migration of the halogen 
atoms by the introduction of substances sensitive to halogens. 
The considerable reactivity of phenol and aluminium chloride exerts 
however, an inhibiting effect on this reaction. 
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Bxperiment V.—When chlorobenzene was heated with aluminium 
bromide under the various conditions described in the previous 
aperiments the only effect observed was a slight reddening of the 
nixture, minute red globules appearing on the surface of the 
iuminium bromide. In the presence of hydrogen chloride, bromine 
ws evolved in small quantity, the chlorobenzene remaining 
unchanged. 

Aluminium chloride and aluminium bromide did not react with 
cilorobenzene and bromobenzene respectively under any of the 
enditions described above. 

Experiment VI.—23°6 Grams of p-dibromobenzene were heated 
vith 5°9 grams of powdered aluminium chloride for eight hours 
ina current of dry nitrogen, the conditions being those described 
inexperiment III. The reaction was accompanied with an evolu- 
tin of hydrogen chloride and hydrogen bromide, and the mixture 
acquired a viscous, tarry consistence. The product after treatment 
with ice and a little hydrochloric acid was distilled in steam. The 
white solid that was deposited in the condenser towards the end 
ofthe distillation proved to be 1 : 3 : 5-tribromobenzene. 

The oily portion of the distillate was dried and fractionally 
distilled, the following fractions being collected : 

Below 185°, 2°5 grams (partly in the receiver during the reaction). 

185—225°, 8°0 grams (partly solid). 

Above 225°, 7:1 grams (liquid and solid): 

The first fraction contained bromobenzene and a little benzene, 
the second the isomerides of dibromobenzene (proved by Leroy’s 
method), and the last mainly 1:3:5- and a little 1:2: 4-tri- 
bromobenzene. 

The residue (2 grams) was extracted with a little alcohol, and 
from the solution a white, crystalline product having no definite 
melting point separated after some time, which appeared to be a 
mixture of tri- and tetra-bromobenzenes. 1-Bromoanthraquinone 
was isolated from the residue after it had been oxidised with 
chromic acid. 

When'the percentage of aluminium chloride was increased, the 
temperature raised, or a current of hydrogen chloride or hydrogen 
passed, the reaction became more vigorous, the yield of mono- 
and tri-bromobenzenes and of carbonaceous matter being increased. 


In conclusion, the author wishes to express his best thanks to 
Prof. A. Lapworth for the interest he has taken in this work. 


CHEMICAL DEPARTMENT, THE UNIVERSITY, 
MANCHESTER. [ Received, January 26th, 1921.) 
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LVI.—The Chlorovinylchloroarsines. 
By SranLey JosepH GREEN and THomas SLATER Prices. 


FoLLowineG the announcement by Pope, that ethylene is absorbed 
by the chlorides of sulphur, forming (8’-dichlorodiethy] sulphide 
(communications to the Chemical Warfare Department, since 
published in T., 1920, 117, 271), it occurred to the present author 
that the action of acetylene and ethylene upon other inorganic, 
anhydrous chlorides was worthy of investigation. Acetylene and 
ethylene were therefore passed into the liquid, anhydrous chlorides 
of arsenic, antimony, and tin, at temperatures varying up to their 
boiling points, and at pressures of the gas varying up to four atmo- 
spheres. In each case a little absorption of the gas occurred. After 
a short time, however, absorption ceased and the solution on boiling 
completely surrendered the gas. Little, or no, chemical action 
therefore occurred. 

Shortly after the completion of these experiments the American 
Chemical Warfare Service announced that in the presence of anhy- 
drous aluminium chloride arsenic trichloride absorbs acetylene, 
forming a highly vesicant product. The yields obtained were low, 
but the reaction evidently deserved further study. We therefore 
repeated our former experiments, using acetylene and anhydrous 
arsenic trichloride, with anhydrous aluminium chloride as catalyst, 
with the result that three compounds, probably represented by the 
following constitutional formule, were isolated in a pure state. 

8-Chlorovinyldichloroarsine, CHCI:CH-AsCl,. 

88’-Dichlorodivinylchloroarsine, (CHCI:CH),AsCl. 
66’8’’-Trichlorotrivinylarsine, (CHCI]:CH),As. 

Dafert (Monatsh., 1919, 40, 313), from the product of the reaction 
between acetylene and arsenic trichloride in the presence of alv- 
minium chloride, has isolated a compound, to which he assigns the 
formula AsCl;,2C,H,, the composition and the properties of which 
correspond with those of dichlorodivinylchloroarsine. 

Homologues of the chlorovinylchloroarsines would appear to have 
been prepared (D.R.-P. 296915, 1918) by using higher hydro- 
carbons of the acetylene series. No details are given, however, 
and no catalyst is mentioned. 


EXPERIMENTAL. 


Commercial acetylene, partly purified by passage through con 
centrated sulphuric acid, was bubbled through a well-shaken, water- 
cooled mixture of 440 grams of anhydrous arsenic trichloride and 300 
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ms of anhydrous aluminium chloride. Absorption was rapid, 
much heat being developed. After six hours 100 grams of acetylene 
had been taken up, yet absorption was still taking place readily. 
The reaction mixture had increased considerably in volume, was 
dark coloured and viscid, and had developed a very powerful odour, 
suggestive of pelargoniums. 

If this product is allowed to stand, spontaneous decomposition 
eventually commences, even at the ordinary temperature, and the 
heat of decomposition may so augment the reaction that it ultimately 
becomes very violent. Attempts to distil this crude product 
always led to violent explosions. The reaction mixture, which 
evidently contained an unstable compound of aluminium, was 
therefore immediately decomposed by being poured into an ice-cold 
solution of hydrochloric acid,* of constant boiling point strength, 
whereby considerable heat was developed. The oil that separated, 
consisting of a mixture of unchanged arsenic trichloride and the 
three chlorovinylchloroarsines, was distilled in a current of vapour 
fom hydrochloric acid of constant b. p., and the oil obtained in 
the distillate was separated and fractionally distilled under 
diminished pressure. After three fractionations there were obtained : 

I. 137 Grams of unchanged arsenic trichloride. 

Il. 47 Grams of a liquid, b. p. 93°/26 mm. 

The American report gave b. p. 96°/30 mm., and analyses, iodine 
absorption, and molecular-weight determinations indicated that 
the substance was chlorovinyldichloroarsine. The properties of 
the compound obtained by us agreed with those described in the 
American report, so that there is no doubt as to its identity (Found: 
(l= 51-41; 50°9. C,H,Cl,As requires Cl = 51°30 per cent.).7 

Dafert obtained a small quantity of a “ stinking heavy liquid ” 
a an intermediate fraction between arsenic trichloride and his 
compound AsCl;,2C,H,, but he does not appear to have submitted it 
to further investigation; it probably contained chlorovinyldi- 
chloroarsine. 

Ill. 44 Grams of a liquid, b. p. 130—133°/26 mm. This was 
fund to be dichlorodivinylchloroarsine (Found: As = 31'1; 
(l= 45°65. C,H,Cl,As requires As = 32°12; Cl = 45°58 per 
“te and is doubtless identical with the compound obtained by 

fert. 


* Hydrochloric acid, as originally recommended by the American Chemical 
Warfare Service, is much more satisfactory than water (Dafert, loc. cit.), 
iinee the latter causes extensive decomposition of arsenic trichloride, with 
precipitation of arsenious oxide, rendering the solution difficult to manipulate. 

t It should be stated that these compounds were not submitted to a 
detailed chemical investigation, since that was not the immediate object 
iQ View. 
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IV. 164 Grams of a liquid, b. p. 151—155°/28 mm. This wa! 
shown to be trichlorotrivinylarsine (Found: As = 282; Cl = 4)+7. 
C,H,Cl,As requires As = 28°89; Cl = 41°01 per cent.). 

The arsenic chloride fraction tended to become dark brown and 
finally black on keeping for a short time, whilst the chlorovinyl- 
dichloroarsine fraction quickly became purple, then dark, and 
finally black. As purification became more complete, however, 
these changes of colour became more gradual, and the pure material 
remained colourless for a long time. Samples prepared more than 
a year ago, and kept in the dark, are now only pale brown. Them 
total percentage yield, calculated from the amount of arsenic 
trichloride entering into reaction, is 64°9, and the yield calculated 
from the acetylene used is 66°6 per cent. of the theoretical. 

Since it had been found that considerable heat was developed in 
the reaction between acetylene, arsenic trichloride, and aluminium 
chloride, and that an unstable, intermediate product was apparently 
formed, the effect of a solvent was tried, in the hope that it would 
enable the reaction more easily to be controlled. A mixture oi 
arsenic trichloride (440 grams) and aluminium chloride (300 grams) 
was diluted with an equal volume of carefully dried carbon tetra- 
chloride, and acetylene, purified as before, passed in. The reaction 
mixture was well shaken and the temperature kept below 15°. 
Absorption of acetylene appeared to be as rapid as when the solvent 
was absent. The aluminium chloride gradually became replaced 
by a viscous, straw-coloured oil, which was doubtless the unstable, 
intermediate compound of aluminium, the formation of which had 
already been inferred from the properties of the product of the 
previous reaction; if the temperature was allowed to rise, the 
straw-coloured substance blackened and showed all the signs of 
decomposition. 

After acetylene had been passed for six hours, the product was 
decomposed and then distilled as before. The lower layer of the 
distillate, on fractionation, yielded 126 grams of unchanged arsenic 
trichloride, 19 grams of chlorovinyldichloroarsine, 56 grams of 


dichlorodivinylchloroarsine, and 204 grams of trichlorotrivinylarsine, §*™ 


a yield of 64°6 per cent. calculated on the amount of arsenic tt- 
chloride used. 

In further experiments, with the object of increasing the formation 
of chlorovinyldichloroarsine, amounts of acetylene were used 
corresponding with the formation of the primary chloroarsine. 
Arsenic trichloride (440 grams) and aluminium chloride (150 grams), 
diluted with an equal volume of carbon tetrachloride, were treated 
with 50 grams of acetylene, as before. The products, separated 
in the usual way, consisted of unchanged arsenic trichloride (27 
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gams), Chlorovinyldichloroarsine (71 grams), dichlorodivinyl- 


 -ehloroarsine (46 grams), and trichlorotrivinylarsine (60 grams), 
Thte yield obtained being 82°8 per cent. calculated on the arsenic 


richloride used, and 74°6 per cent. on the acetylene. 
The experiments described show that the secondary and tertiary 


‘chloroarsines tend to form very easily, and at the expense of the 


pimary. ‘Thus, in two experiments where a considerable proportion 
f acetylene was absorbed, the main constituents of the product were 
wchanged arsenic trichloride and the tertiary arsine. In the third 
xperiment, where the amount of acetylene absorbed was limited, 
he tertiary compound was still formed in large quantity, whilst 
more than half of the arsenic trichloride remained unchanged. 
Clearly the rate of reaction of acetylene increases as chlorovinyl 
mdicles become attached to the arsenic atom. This may be due 
to the fact, already mentioned, that when acetylene is passed into 
he mixture of arsenic trichloride and aluminium chloride, the 
aluminium chloride becomes replaced by and embedded in a viscid 


. astraw-coloured oil, which is regarded as the unstable, intermediate 
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compound of aluminium, and this tends to withdraw arsenic tri- 
chloride, but not the primary products of reaction, from contact 
with aluminium chloride. 

Varying the relative proportions of arsenic trichloride and 
aluminium chloride between wide limits produced little, if any, 
difference in the course of the reaction. Anhydrous ferric chloride 
behaved similarly to aluminium chloride, but was not so active. 


Properties of the Chlorovinylchloroarsines. 


$-Chlorovinyldichloroarsine, CHCI:CH*AsCl,, is a colourless or 
faintly yellow liquid boiling at 93°/26 mm., or 96°/30 mm. Under 
certain conditions, especially if impure, this compound changes in 
tolour to a fine purple, deepening into black. A small quantity, 
tven in very dilute solution, applied to the skin causes painful 
blistering, its virulence in this respect approaching that of di- 
thlorodiethyl sulphide. It is also a very powerful respiratory 
imitant, the mucous membrane of the nose being attacked and 
iolent sneezing induced. More prolonged exposure to the vapour 
kads to severe pain in the throat and chest. 

The substance is insoluble in water or dilute acids, but soluble in 
il the common organic solvents. A dilute solution of an alkali 
lydroxide, even when cold, causes a vigorous reaction, acetylene 
ing evolved with brisk effervescence. Halogens are rapidly 
ibsorbed with the formation of a variety of products. Thus, if a 
tilute solution of bromine in carbon tetrachloride be added slowly 
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to a solution of the chloroarsine in the same solvent, the colour of 
the bromine slowly disappears, and on shaking, or on keeping, fing 
leaflets of a bromo-compound separate, melting at 122°.* 

68’-Dichlorodivinylchloroarsine, (CHCI:CH),AsCl, is a colourless 
or pale yellow liquid, boiling at 130—133°/26 mm. Dafert give 
the b. p. as 108°/7 mm. and 250°/atm. When free from the primary 
chloroarsines it remains colourless for a long time. Applied to the 
skin, the substance has vesicating properties, but is much leg 
powerful in this respect than chlorovinyldichloroarsine. Its irritant 7% 
properties on the respiratory system, on the other hand, although} used. 
similar to those of chlorovinyldichloroarsine, are much more intense,f 81°5 

Dichlorodivinylchloroarsine is insoluble in water and dilute acids, 
but soluble in all proportions in the common organic solvents.§ No ¢ 
Halogens are rapidly absorbed with the formation of additivethe yic 
compounds. For purposes of identification the product of oxidationff respect 
with concentrated nitric acid is most convenient. A few drops offfin frac’ 
dichlorodivinylchloroarsine are gently warmed with an equalfithat tl 
volume of concentrated nitric acid. Brown fumes are evolved§ quanti 
and on cooling and keeping, colourless crystals separate, which 
melt at 97°. 

68’8’’-Trichlorotrivinylarsine, (CHCI:CH),As, is a colourless 
liquid, boiling at 151—155°/28 mm. On keeping for several weeks,§ Conc 
little or no change in colour takes place. Immersed in ice-water§upon < 
it readily solidifies to an ice-like mass, the freezing point being These 
3—4°, the solid remelting at the same temperature. corres] 
 Trichlorotrivinylarsine is neither a strong vesicating agent norftrichlo 
a powerful respiratory irritant. At the same time, its odour isfand q 
pungent and most unpleasant, and induces violent sneezing. It isfsecond 
insoluble in water, dilute acids, and in rectified spirit. In the last}trichlo 
respect it differs from the primary and secondary chloroarsines,f- Ack 
both of which mix in all proportions with rectified spirit. It isfthe A 
therefore easily and completely purified by shaking repeatedly the Direct: 
roughly fractionated liquid with alcohol, separating, distilling, andfacoun 
finally freezing. With the exception of alcohol, it is soluble in allf Experi 
the common organic solvents. Halogens are readily absorbed, with accord 
formation of definite compounds, but the simplest tests depend onfsubord 
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its slight solubility in alcohol and its freezing point. — 
ssTs, 
Action of Arsenic Trichloride on the Chlorovinylarsines. Steven 


When pure trichlorotrivinylarsine is heated with arsenic tt- 
chloride at 200—220°, a mixture of arsenic trichloride with all 


* Since it was not our object at that time to investigate halogen deriv 
atives, no attempt was made at their identification. They were merely 
employed as means for characterising the chlorovinylchloroarsines. 
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lour d three arsines is obtained. The proportion of these four compounds 
1B fined the resulting mixture naturally depends on the proportions of the 
starting materials. 

vurless, Mixtures of arsenic trichloride and trichlorotrivinylarsine were 
b gives heated in a sealed tube at 220° for four hours, and the contents then 
rimary# fractionated. ‘The results of two experiments were as follows, the 


ne figures given being weights in grams. 
1 less 
Tertiary Arsenic Arsenic Primary Secondary Tertiary 


rritant arsine trichloride trichloride in chloroarsine chloroarsine arsine in 
hough used. used. product. formed. formed. product. 
ntense,§ 81°5 67°5 23°6 50°0 61°6 little 


. 70° . 6 . 92°1 li 
- acids, 56°8 79°2 34°8 5°5 ttle 


lvents.§ No decomposition was ever noticeable. In the two experiments, 
Iditive§ the yields of pure products represent 88 per cent. and 91 per cent. 
dation respectively of the starting materials. Since losses are inevitable 
‘ops off in fractionating such small quantities of liquids, it may be concluded 
equalf that the reactions expressed by the following equations proceed 
olved,f quantitatively : 


—_ (CHCI:CH),As + 2AsCl, = 3CHCI:CH-AsCl,, 
iil 2(CHCI:CH),As + AsCl; = 3(CHCI:CH),AsCl. 


weeks,§ Conclusions.—Three compounds are formed when acetylene acts 
-waterfupon arsenic trichloride in the presence of aluminium chloride. 
being These compounds, in composition and in chemical properties, 
correspond with the three possible chlorovinylchloroarsines. Usually 
it norfirichlorotrivinylarsine is the main product, but this can be easily 
our isfand quantitatively changed to a mixture of the primary and 
It isfsecondary chloroarsines by heating at 200—250° with arsenic 
ve last trichloride. 
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It isthe Admiralty, and to the Chemical Warfare Section of the 
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benz 
LVII.—The Determination of the Sorption of both 
Solvent and Solute. Part I. Preliminary. The ies 
System : Benzene—Iodine—Charcoal. ome 
By Apu Monamep Bakr AND JosepH Epear King. e 
Ir has long been known that the excellent empirical formula for Th 
1 , 
sorption, = = ke», cannot be susceptible of general application. al 
Experimental results have always been obtained by shaking aff tion 
certain volume of a solution of known strength with a known§ pore: 
amount of sorbing material such as charcoal, and analysing a sample temp 
of the remaining solution. The calculation is then based upon theff it is 
assumption that the solvent has remained unaffected by the charcoal, value 
so that any change in concentration observed is ascribed to sorption pend 
of the solute. It is clear, however, that if, for example, both solvent agent 
and solute are sorbed by carbon in the same proportion as that inf} exper 
which they occur in the solution, the analysis would indicate no with 
change, and therefore no sorption, even if the latter was very§ recei’ 
great. Thus from a purely practical point of view the impliedf them 
definition of sorption hitherto has been change in concentration, appli 
rather than change in total amount of solute remaining in solution.§ almo: 
Although Freundlich had discussed such considerations in 190, 
no method has been suggested of accurately analysing the apparent 
sorption, which is merely relative, into its two absolute components § py. 
Williams in 1914 (Medd. K. Vetenskapsakad. Nobel-Inst., 2, No.2) joati 
23 pp.), and, independently, Osaka (Mem. Coll. Sci. Kyotd, WA aig 
No. 6) attempted to introduce a correction for the sorption of the yo. 4 
solvent by carrying out blank experiments in which the charcoilf my, 
was exposed to the saturated vapour of pure water until the weightf 4 ,, 
of the former no longer increased. They then calculated the Kahll 
results of sorption experiments carried out in the usual way bf y,, 
assuming that the same weight of water was sorbed in all expe yo). 
ments with aqueous solutions at the same temperature. The 
This procedure is open to grave objection in that, first, th \.. ,, 
vapour of the solvent, if saturated, is known to condense in liquid wallec 
form, filling all the pores and capillaries of the charcoal, aif 4 wit 
secondly, it is also known that the sorption of each of two substances The 
is influenced by the presence of the other, although there are vey 4, 4. 
few quantitative measurements of this interfering effect. (See, fot we | 
instance, Bancroft, J. Ind. Eng. Chem., 1921, 13, 83, who on behalf (¢ the 
of a Committee of the National Research Council urges that such 


investigation be undertaken.) It is shown below that sorption of 
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benzene may be almost haived in the presence of iodine in sufficient 
quantity. 

The present paper describes a general method of determining the 
true sorption from solutions suggested by Professor J. W. McBain 
some years ago, which is here applied in a preliminary manner to 
the case of iodine solutions, for which there exists an abundance of 
relative measurements. 

The method consists in exposing the carbon to the vapour of 
the solution and likewise to that of the pure constituents, so that 
equilibrium is attained through the vapour phase. The objec- 
tion with regard to condensation of liquid in the capillaries and 
pores of the sorbing agent is obviated by keeping the latter at a 
temperature far above that of the liquid with the vapours of which 
it is in equilibrium. It is soon realised that this is adequate, since 
values are obtained which within wide limits of pressure are inde- 
pendent of the relative temperatures of the liquid and of the sorbing 
agent. It is also easily possible to test the equilibria by “ reverse ”’ 
experiments in which the solutions are initially placed in contact 
with the sorbing agent and are then allowed to distil over to the 
receiver at the lower temperature. Developments readily suggest 
themselves and will be described in Part II. The methods are 
applicable in full only to cases in which solvent and solute are 
almost equally volatile. 


EXPERIMENTAL. 


Two specimens, I and II, of charcoal were prepared by strongly 
heating ground beechwood charcoal for five hours in an evacuated, 
silica flask. The charcoal was allowed to cool in the vacuum, and 
was then transferred to stoppered bottles and kept in a desiccator. 

The iodine was sublimed from its mixture with potassium iodide 
and resublimed, and the product was dried in a greaseless desiccator. 
Kahlbaum’s benzene free from thiophen was used. 

Numerous forms of apparatus were employed in this preliminary 
work; the final form is shown in Figure 1. 

The vessel, A, of about 50 c.c. capacity, containing the charcoal 
was connected with the receiver, B (20 ¢.c.),as shown. The thick- 
walled, glass tube, 7’, the aperture of A, and the tube connecting 
A with B were drawn out to facilitate quick sealing. 

The vessel A was kept at 100° by means of a steam jacket fitted 
to act as a reflux condenser. In later experiments an electric 
oven has been used and the T-joint in A made at the neck instead 
of the side. 

The temperature, and therefore the vapour pressure, of the 
liquid in B were kept constant during any one experiment by 

R 2 
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immersing the receiver in a thermostat. In a “ reverse ” 
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added from a pipette, and A was sealed off. The contents of A 
were frozen by a mixture of solid carbon dioxide and ether 
and the whole apparatus was evacuated by means of a Toepler 
pump attached to 7, which was then sealed off. Earlier experi- 
ments showed this evacuation to be necessary; thus in one case, 
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when air was present, only 1—2 c.c. of benzene distilled from A 
at 100° to B at 25° in four days. 

The apparatus was held in position in the steam jacket by a 
glit cork, K, the joint being made water-tight with a plasticine 
preparation. When steam was admitted into the jacket the 
unsorbed liquid in A quickly distilled over to B, usually in five to 
ten minutes, and great care was required to prevent frothing and 
the consequent carrying over of charcoal to the receiver. After 
the violent ebullition had ceased and the charcoal was apparently 
dry the lid of the steam jacket was fitted on and the current of 
steam continued for twenty hours. The bulb B was then sealed 
off at X. 

If v is the volume of the free space in A, the weight of charcoal, 
iodine, and sorbed benzene is given by w — a, where w is the weight 
(corrected for displacement of air) of the contents of A at the con- 
dusion of the experiment and a is the weight of v c.c. of benzene 
vapour at 100° and a pressure, p, determined by the temperature of 
B (the vapour pressure of iodine is negligible in comparison with 7). 
The weight of the iodine is the difference between the amount 
present in the original solution and the amount estimated by 
titrating the final contents of B. 

In the tables x is the weight of benzene sorbed by m grams of 
charcoal. Each experiment was done in duplicate. 


Sorption with Pure Benzene. 


TABLE I. 


Sorption of Benzene Vapour by Charcoal I at 100°. 
“* Reverse’ Experiment. 


Pressure 


Temp. in mm. m. 2. x/m. Mean x/m. 
75° 650 1°1682 0°4282 0°37 0°37 
‘in “ 1°5284 0°5648 0°37 
25° 95 1:2476 0°4767 0°38 0°36 
% 99 1°2944 0°4390 0°34 
0° 26°5 13831 0°4085 0°30 0°30 


When these results are plotted with the theoretical value of zero 
sorption for zero pressure of benzene, the sorption curve for benzene 
vapour should be obtained, but the three points lie close together 
on a nearly flat part of the curve, so that the constants in 
Freundlich’s formula 


x 1 
—— 


7 


are not accurately obtained. At the pressures employed in these 
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experiments a saturation value for the sorption of the benzene js 
reached. 
Tase II. 


Sorption of Benzene Vapour at 25° by Charcoal II at 100°. 
(Equilibrium from Both Sides). 


Method. Time. m. 2. a/m. Mean x/m. 


Direct 3 days 1-0540 0°3169 0-300 0295 
ps 3}, 1°1352 0°3286 0-289 

Reverse 20 hours 10233 0°2894 0-283 0-287 
Re a. . os 1-0708 0°3121 0-291 


Hence results obtained in twenty hours by the reverse method 
represent a state of true equilibrium in the case of pure benzene. 


Sorption of Benzene containing Iodine. 


In the first series of experiments, in which the “‘ reverse ’’ method 
was employed, A contained originally 10 c¢.c. of N/5-solution of 
iodine in benzene, together with various amounts of charcoal at 
100°, the lower thermostat being kept at 25°. The results are 
given in Table IIT. 

TaB_e III. 


Sorption of Benzene from Iodine Solutions by Varying Amounts 
of Charcoal I, 


Iodine in B 

m. (gram). #. 
0°5002 0°031 07121 
1:0013 0°010 0°248 
1°0002 - _ 
1-5004 0°001 0°375 
15008 “ig 0°374 
179996 trace 0°506 


In the second series the weight of charcoal was kept at about 
1 gram and the concentration of iodine was varied from 0-LY 
to 0-4N. As before, the temperatures of A and B were 100° and 
25° respectively. 
TaBLe LV. 


Sorption of Benzene from Iodine Solutions of Various Concentrations 
by Charcoal I. “* Reverse” Method. 


Time Iodine in A Iodine in B 

(days) m. (gram). (gram). 2. xim. 
i 0°9934 0°1253 0°0028 0°3004 0°30 
1 12764 0°2505 0°0104 0°3122 0°25 
1 1:0738 0°4898 0°0510 0°2410 0°22 
4 10989 0°4843 0°0504 0: 2531 0°21 


A “direct” experiment, in which 10 ¢.c. of a solution containing 
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(1244 gram of iodine were placed in B (25°), and a specimen of 


ene ig 
charcoal II in A (100°), gave the following result : 


Time (days). m. Iodine in B (gram). Z. x /m. 
34 1°4124 0°1241 0°384 0°27 


Whilst with pure benzene equilibrium is attained in both “ direct ” 
and “reverse” experiments, this is true only of the benzene in 
the ease of the solutions. The reason is quite clear, namely, the 
very slow movement of the slightly volatile iodine through the 
concentrated benzene vapour, an explanation in agreement with 
the observed slowness of diffusion of benzene vapour through air. 
Even in “ reverse ” experiments, where the iodine distils from one 
vessel at 100° into another at 25°, equilibrium is not attained in 
four days. The sorption of the iodine by the charcoal as shown in 
Table IV is reflected in the diminished relative volatility of the 
iodine when present in smaller amounts. It is possible also that 
both iodine and benzene in solution are subject to increase in 
sorption with time. 

From the results in Table IV it appears that the sorption of 
benzene diminishes with increasing concentration of iodine, but in 
spite of numerical agreement between corresponding experiments 
(Tables IIIT and IV) we are unable to explain why the sorption of 
benzene was constant (Table III) where the iodine was kept 
constant and the amount of charcoal was varied. 

It is clear that in future experiments the temperature of the 
charcoal should be much lower, in order that results shall be 
obtained more directly comparable with those of ordinary, 
“relative ’ sorption experiments. In one “relative” measure- 
ment comparable with the last two experiments of Table IV, 
l0 c.c. of 0-4N-iodine were treated with 1-0714 grams of charcoal 
at 100° for eleven hours, and 0-0905 gram of iodine then remained 
in solution, as compared with the 0-05 gram distilling over in the 
other experiments. 

It further follows that, even although the true sorption of benzene 
is quite comparable with that of iodine, the ordinary measurement 
of the relative sorption of iodine by charcoal is not appreciably in 
error, on account of the strong positive sorption here exhibited. It 
would be quite otherwise in such cases as aqueous solutions of 
electrolytes. ; 

It is probable that a complete elucidation of the equilibria in 
this system could be obtained by adopting the device of initially 
Placing various amounts of iodine in the upper bulb with the 
charcoal. The equilibria attained in such “ semi-direct ” experi- 
ments, with iodine solution or benzene in the lower bulb, could then 
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be checked by corresponding “reverse’’ experiments. In thi 
manner the method might be applied to the cases of non-volatily 
solutes. The work was, however, broken off at this point in order 
to study the especially interesting case of acetic acid in toluen 
(Schmidt-Walter, Kolloid Zeitsch., 1914, 14, 242) where the relative 
sorption is actually reversed in concentrated solution. 


Summary. 


(1) A general method is described of determining the true amounts 
of sorption of solute and solvent to supplement the ordinary method, 
which yields relative values only. The error in the ordinary §. 
method is inappreciable except in concentrated solutions or where heen 3 
the solute does not exhibit strong positive sorption. In such cases f vorke 
both the proportionality constant and the exponent in the expo. 


tensio. 
nential formula are altered. tien oF 
(2) Sorption of benzene from iodine solutions is less than that § ine lic 
from pure solvent. liquid 
: detacl 
In conclusion, we wish to thank Professor J. W. McBain for the which 
interest he has taken in our work. The 
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LVIII.—On [Interfacial Tension. Part I. The |" 
: . , . with 
Statical Measurement of Interfacial Tension in vail 
Absolute Units. soluti 
must 

By Wr11am CoLEeBRooK REYNOLDs. only 


In January of last year the author exhibited at the Microscopical fialsifi 
Symposium of the Faraday Society several emulsions which pos- §'0 ad 
sessed the property of becoming inverted without alteration in been 
composition when warmed, that is, the disperse phase became the }smpl 
continuous phase, and he demonstrated that several of the inverted disple 
emulsions could be completely reversed, that is, the original disperse 8 not 
phase could again become the disperse phase when the inverted disple 
emulsions were submitted to friction or lowered temperature. But, J mnu 
although many such emulsions, varying somewhat in composition, the 
could be prepared, he was unable to give a satisfactory explanation 
of the nature of the phase changes, and as interfacial tension and 
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adsorption, and their change with temperature, appeared to offer 
the most likely explanation, the present investigation was under- 
taken. 

Two methods have been employed to measure interfacial tension. 
(l) Quincke’s Statical Method (Ann. Phys. Chem., 1870, 139, 1), 
vhich is based upon a consideration of the dimensions and shape of 
the drops of one liquid lying at rest in a surrounding, immiscible 
liquid. The experimental errors in the 

reba , ; Fig. 1. 
determination are somewhat high, especi- 
A G 
ally in the case of mercury. ' 


(2) The Dynamical Method (Zeitsch. 4- 7 


physikal. Chem., 1899, 31, 42), which has 
been much used by Donnan and other 
workers. In this process the interfacial 
tension is calculated from a considera- 
tion of the forces operating on a drop of 
one liquid forming in a second immiscible 
liquid, at the moment that the drop is 
detached from a pipette, to the orifice of eg 
which a particular form has been given. 


The author finds that a modification Lc 
of the capillary method of measuring eo) ee 
surface tension can be employed to 
measure interfacial tension, in dynes per | 


cm., with great accuracy, providing 
certain simple precautions are taken. An 
essential condition is that the perfectly 
cleaned tube must be completely filled 


in 


ical 
pos- 
1 in 
the 
‘ted 


oTSe 
ted 
but, 
on, 
jon 
ind 


with the liquid which has the greater 
surface tension (in general, an aqueous 
solution), and the other immiscible liquid 
ust travel continuously in one direction “Vy 
oly. The measurements are completely \ by. 
falsified if the aqueous solution is allowed B 
to advance along a surface that has 
been wetted by an immiscible organic solvent, since, even in the 
simplest cases, such as benzene—water, it takes many hours to 
displace the former completely, and in many cases the displacement 
8 not complete after several weeks’ contact, whereas, if benzene 
displaces water, equilibrium is reached in the course of two or three 
mnutes, the time depending on viscosity considerations alone, such 
«the length and the diameter of the capillary. 

A convenient form of apparatus suitable to the investigation of 
ill transparent solvents, is shown in sectional elevation in Fig. 1. 
R* 
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A simple modification adapted for measurements with opaque 
liquids, such as mercury, will be described in Part III. 

A is a burette the graduation marks of which completely encirck 
the tube. This is surrounded by a water-jacket, 2. Bisa connecting 
tube of similar borg. C is a plain glass tube connecting with B 
through a glass cock, D. To prevent undue strain the wooden 
block, G, was fastened between A and C. 

When the interfacial tension of colloidal sols is being measured, 
it is necessary to keep the tube under observation for several hours; 
the only form of cock that will withstand a head of liquid without 
any leakage whatever when absolutely free from all traces of lubri- 
cant (which must be entirely excluded) is the internally fitting cock 
used on calcium chloride tubes. If liquids lighter than water only 
are to be measured, B and C can be dispensed with, and a burette 

with a perfectly fitting tap, free 
Fie. 2. from lubricant, will suffice. 

The capillary tube, F, was main- 
tained in a central position in the 
burette by three short glass rods 
fused on at either end perpendict- 
larly to its length, and about 120’ 
apart (Fig. 2). The length of these 
rods was adjusted by fusing the 
ends in a small flame, until the 
whole just fitted in the burette 
tube, where it rested on the glas 

collar, H, cut from a stout tube somewhat smaller than the burette. 
The diameter at both ends of the tube was measured by the micro: 
scopic method, and the uniformity of the bore was proved by tl 
constant length of a thread of mercury when occupying different 
positions in the tube. 

The capillary tube consisted of a machine-made tube, about 42cm 
long, of uniform circular bore throughout the whole length. Th 
selection of the tube is of the greatest importance. Hand-draw 
capillaries are very inferior, for in addition to the defect of their tape 
ing bore, it is almost impossible to fracture them at right angles 'o 
their length, owing to the thinness of their walis, and the errorit 
determining the bore by the microscopic method is considerable, th 
observed diameter almost always exceeding the actual diametet 
The author believes that the use of hand-drawn capillaries accoutl 
for the widely varying values recorded for the surface tension 4 
water, and also that the experimental error in Quincke’s statici 
method is probably far greater than that in either capillary or rip 
observations. These discrepancies have given rise to the suggé 
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tion that the surface tension of water measured by the dynamical 
method immediately after the surface is formed is different from 
that determined by the statical method. An accurate value was of 
great importance in the present investigation. It was found that 
London tap-water and distilled water free from ammonia had the 
same surface tension, in air and in a vacuum, and that the sur- 
face tension of water was the same, whether determined by Lord 
Rayleigh’s dynamical “ripple”? method (Phil. Mag., 1890, [v], 30, 
386) or by the statical method, the mean values in dynes per cm. 
being 76°7/0°, 73°6/18°, 70°0/36°, 64°8/69°, and 60°9/89°. 

Before the apparatus was used three corrections had to be deter- 
mined. When a small tube is surrounded by a larger, the capillary 
rise, due to surface or interfacial tension in the smaller tube, is 
greater than the difference in height between the liquid surfaces, 
due to the capillary rise in the wider tube. Again, the reading of 
the height of the liquids in the tubes on the burette scale of c.c. had 
to be corrected to cm.; lastly, a correction had to be applied for 
the meniscus. The three corrections were simultaneously made as 
follows: the height of the capillary rise (h’) of water in the smaller 
tube was determined in cm. when the latter was standing in an 
open vessel, the tube was then placed in the partly filled burette, 
and the rise (’’) noted in terms of the scale divisions, reading from 
the lower edge of the meniscus. In measurements of surface or 
interfacial tension in the apparatus, if h, in terms of scale divisions, 
is the difference in height of the liquids in the two tubes read from 
the lower edge of the meniscus, the true height in cm., corrected for 


, 


the three points noted above, is given by ae 


To illustrate the use of the apparatus, one example, the case 
of benzene—-water, is given. The whole apparatus was first filled 
with concentrated sulphuric acid saturated with potassium dichrom- 
- ate, and allowed to remain for at least half-an-hour; the mixture 
was then poured out and the apparatus repeatedly washed with 
water. The burette was filled with distilled water, water was 
admitted into the jacket at the desired temperature, and the 
tap was opened sufficiently to allow the level of the water to 
fall very slowly. As it fell benzene was poured in to maintain 
the level, and this process was continued until the benzene had 
entered the capillary. If the incoming liquid travels too quickly, 
and the displaced liquid in the capillary has not time to drain away 
from the walls, it may collect and form a bead, which breaks the 
column and necessitates a fresh start; this is particularly liable to 
occur when viscous liquids are being employed. The tap was then 
closed and readings were taken at intervals. 

R* 2 
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When pure benzene was employed, the position of equilibrium 
was reached in about three minutes. Commercially pure benzene 
contains an unascertained impurity, which causes adsorption at the 
interface, and for this reason the interfacial tension diminishes slowly 
for many hours. This impurity is readily removed when the 
benzene is shaken with a little fuming sulphuric acid for fifteen 
minutes, washed with diluted alkali and with water, and distilled. 

The density of distilled water and of benzene at the temperature 
of the experiment was determined. The interfacial tension was 
calculated from the relation 


p — Ughh'(D’ — D”’) 
= 4h” 


where 7' = the interfacial tension, d the diameter of the tube 
(0°0614 cm.), D’ the density of the water, D’ the density of the 
benzene, and g = 981. 


, 


The expression ot is a constant for the apparatus, its value 
here being 15°63. Hence 7’ = h(D’ — D’’) X 15°63 dynes per cm. 

When liquids heavier than water were being examined, the liquid 
was introduced into the empty tube, C, and allowed to enter the 
lower portion of the burette, which was already partly filled with 
the aqueous solution. The liquid was allowed to rise until it was 
observed to enter the lower end of the capillary, the cock was then 
closed, and the measurements were made in the manner described 
above. 

The interfacial tensions of a number of immiscible solvents and 
aqueous solutions are recorded in Part II. of this investigation 
(this vol., p. 466). 

A comparison of interfacial tensions determined by this process 
and by the dynamical drop method is of interest. In the table 


below, in column II., the interfacial tensions of six solvents in con-: 


tact with water, determined by the statical method, are recorded, 
and in column III. the values found by the dynamical method. 
In the latter measurements the liquids were never allowed to leave 
the pipette at a rate exceeding 1 c.c. per minute.* 


* Except in the case of benzene, the more slowly the drops form the large 
they grow when water is the immiscible liquid ; carbon tetrachloride, however, 
is only slightly affected. With colloidal sols, on the other hand, the inter- 
facial tension diminishes as the surface increases in age, and the size of the 
drops is smaller the more slowly they are allowed to form. Very dilute 
solutions of salts, acids, and bases behave like water, but concentrated solutions 
simulate colloidal sols, that is, they behave as if they contained molecular 
complexes comparable with those in colloidal sols, showing adsorption and 
surface concentration. 
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The ratio of the statical to the dynamical interfacial tension is 
recorded in column IV. From the mean ratio it would appear 
that interfacial tension, measured by the dynamical method and 
calculated as below, would, when multiplied by the factor 1°26, 
give very approximately the true interfacial tension. 


III IV 
Ethyl ether , : 1°39 
Amy] alcohol ; i 1°26 
Benzene . : 1°23 
Nitrobenzene ; . 1°18 . 
Chloroform 33° P 1°25 
Carbon tetrachloride ; , 1°29 


The dynamical results were calculated on the assumption that 


981 (D* — D" 
nrd 


) dynes per cm., 


T= 


where V = the volume of the pipette, » = the number of drops, 
and d = the diameter of the orifice. 

This calculation and that for the determination of the surface 
tension of liquids by an analogous method have been the subject 
of several investigations, particularly by Guye and Perrot, and by 
Kohlrausch and Lohstein (vide Lewis, Phil. Mag., 1908, [vi], 15, 449). 

Undoubtedly the principal source of error in this calculation arises 
from the assumption that the perimeter of the section of rupture 
is identical with the circumference of the orifice of the pipette. 
Darling, in his ‘‘ Liquid Drops and Globules,”’ has proved conclusively 
that constriction occurs previous to separation, and this was deduced 
by Vaillant (Compt. rend., 1914, 158, 936). The behaviour of the 
liquid column resembles that of a steel rod in a testing machine, 
and into the equation a term should be introduced involving 
viscosity, as this, in addition to surface tension, tends to prevent 
disengagement of the drops. 


JEYES’ LABORATORY, 
Piatstow, E, (Received, February 10th, 1921.] 
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LIX.—On Interfacial Tension. Part II. The Relation 
between Interfacial and Surface Tension in Sundry | 1 
Organic Solvents in Contact with Aqueous Solutions, | When 
ing m 
By Witi1AmM CoLEBROOK REYNOLDs. oie 
Ix Part I of this communication the author has described an [ides 2 
apparatus in which interfacial tension can be measured in absolute femPloy¢ 
units. It is now proved that there is a very intimate connexion fused for 


between the interfacial tension at the surface separating immiscible Pepillar: 
liquids and the surface tensions of the liquids. tical 
From a consideration of the conception that surface tension is |e Fis 
due to the attraction of molecules lying in the surface by those tube Wé 
immediately surrounding and beneath them, it appeared probable J ®!-° 
that if the internal forces giving rise to this phenomenon were, like }°>8¢tV# 
gravitational or electrostatic force, independent of the chemical [inclined 
nature of the molecules concerned, interfacial tension would be | °™plet 
the difference between the two surface tensions. of the 
This hypothesis, when tested, was found to be only very approxi. | ttle - 
mately true in some cases, whilst in others the discrepancy was } ™Pe™ 
considerable. Further investigation revealed the cause. measur 
When two liquids are in contact, each is saturated with the other closed | 
at the surface of contact, consequently it is necessary to substitute volatile 
for the surface tensions of the two liquids those of their mutually } howeve 
saturated solutions. When the latter were determined, with the }| ™ suck 
precautions detailed below, it was found that the following law was | the 
accurately true in the case of pure solvents :—The interfacial tension the liq 
between two liquids A and B is the difference between the surface | Weaker 
tension of A saturated with B and the surface tension of B | the ob 
saturated with A. ee 
When the interfacial tension is measured by the capillary method | Pedi 


described in Part I, due consideration must be given to the pheno- eylinde 
mena of wetting. All the liquids described in this paper wet glass; cork ai 
here, the capillary rise is the difference. In Part III, where mercury, | Surat 
which does not wet glass, is dealt with, the capillary forces act in J ™@nta 
the same direction in glass tubes; hence the capillary depression J Mute 
is the sum. A convention as to the sign of the forces has thus to be | nt 
adopted, since the true interfacial tension is always the difference satura’ 
between the forces. subseq 

The following appear to form exceptions to the law : and ar 

(1) Immiscible liquids that react chemically. consta 

(2) Mercury and liquid amalgams in contact with certain Pt 


electrolytes, 


tion 


REYNOLDS : ON INTERFACIAL TENSION. PART II. 467 


(3) The old interface separating certain solutions where surface 
»ncentration has occurred. 


The Measurement of the Surface Tension of Saturated Liquids. 


When the surface tensions of mutually saturated liquids were 
peing measured, the liquids were shaken in a separator and run 
ito cylindrical bottles, about 43 cm. in diameter, with straight 
ides about 12$ cm. in height. Selected capillary tubes were 
employed (see Part I), the same tubes being Fic. 1. 
used for all the measurements recorded. The — 
capillary tube was allowed to rest in a ver- ; wal 
tical position against the walls of the bottle 
ee Fig. 1). The bottle and the capillary | 
tube were cleaned (see Part I) and dried in 
an air-oven before each measurement. When 
observations were being made, the bottle was 
inclined to allow the liquid to fill the tube 
completely, and the position of equilibrium 
of the column on falling was noted. The 
bottle stood in a water-bath at a known 
temperature, except at the moment when 
measurements were being taken, and was 
closed by a cork to prevent evaporation of 
volatile, saturating liquid. It was found, | 
however, that there was a considerable error | 
| 
kK 


ss 


in such determinations due to volatilisation 
of the saturating liquid into the space above 
the liquid, whereby the surface layer became 
weaker, and in the case of aqueous solutions 
the observed tensions were too high. This | 
source of error was eliminated by a simple beer 
expedient (Fig. 1). This consisted of a ““~——— 
cylinder of wire gauze (A) supported by two wires fixed into the 
cork and filled with cotton wool moistened with a few drops of the 
saturating liquid (chloroform, ether, etc.), the vapour of which 
maintained saturation of the air space. Readings taken every few 
minutes proved that the capillary rise, which fell at first, became con- 
stant after a short interval, usually thirty to forty minutes, complete 


lO —_—__ we” 


saturation having been effected. If the temperature fell slightly 
subsequently, condensation occurred on the walls of the bottle 
and an oily layer appeared, but the position of equilibrium remained 
constant. 

It was subsequently found that in the case of pure liquids the 
shaking in a separator was unnecessary, since only the surfaces 
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were active. Exactly the same effect was obtained when a pur 
solvent was placed in the bottle and the air space was saturated 
with the vapour of the immiscible liquid, as when the two liquids 
had been previously shaken together. This circumstance made 
it possible to take measurements when dealing with certain colloidal 
sols such as gelatin, where almost permanent emulsification occurred 
on shaking the sol with an immiscible liquid. 

In Table I, the interfacial tension of the liquid mentioned jp 
column 1 in contact with water is given in column 6. The liquids 
were purified and redistilled. The difference between the values 
in columns 2 and 4 is given in column 5. The close agreement 
between the calculated values in column 5 and the observed values 
in column 6 will be noted. Column 7 gives the temperature at 
which the observations were made. 


TaB_eE I. 
Surface 
tension 
Surface ofthe Interfacial 
tension oil tension Interfacial 
of the saturated calcu- tension 
dry oil. with water. lated. observed. 


28°4 28°8 34°4 
Ethyl ether ‘ 17°7 17°5 10°6 
Aniline ‘ 41°9 42°2 4°2 
Chloroform . 27°2 26°4 33°4 
Carbon tetrachloride... < 26°7 26°7 43°5 
Nitrobenzene 43°4 43°2 24°7 


The interfacial tension of pure liquids is invariable at constant 
temperature; surfaces had the same tension after five minutes 
and after twenty-four hours in each of the above cases. When, 
however, one of the liquids is complex, that is, an aqueous solution, 
colloidal sol, or mixture of two or more organic solvents, the inter. 
facial tension frequently depends on the age of the contact surface, 
because concentration of one or more of the constituents of the 
solutions often occurs. It seems probable that the law stated above 
holds true in nearly all phases of these cases also, but where the 
value of the tension is rapidly changing it is only practicable to 
make comparable observations of the interfacial and surface tensions 
in particular circumstances, and at times dynamical methods must 
be employed where statical ones are unsuitable. The author 
has endeavoured to find in each case the interfacial tension of freshly 
formed surfaces, and of old surfaces when final equilibrium had been 
reached. In all these complex contact surfaces so far examined, 
the underlying cause of surface concentration appears to be this: 
at any given temperature the interfacial tension tends towards 4 
minimum ; it never increases spontaneously with age. If, therefore, 
one of the constituents of a mixture has a lower interfacial tension 
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than the others, it is attracted towards the contact surface, the 
movement in the case of organic solvents and of many colloidal 
sols proceeding for many hours. The three classes are considered 


separately below. 
Mixed Organic Solvents. 


The figures in Table II prove that the law holds good in the case 
of mixtures of organic solvents when the interfaces are freshly 
formed or old surfaces are disturbed. In some cases mixtures of 
nearly allied solvents behave like pure solvents, and the interfacial 
tension retains the same value in the case of old surfaces. Where, 
however, one of the ingredients has a much lower interfacial tension 
than the other constituents, this is found to be slowly drawn towards 
the surface of separation, concentration proceeding here for many 
hours, during which the interfacial tension falls slowly. Thus, when 
water is brought into contact with benzene to which a small pro- 
portion of a liquid (such as oleic acid) which has a lower interfacial 
tension than itself has been added, the interfacial tension falls 
slowly for several hours. The question arises, Does the interfacial 
law still hold in the cases of the older surfaces when equilibrium 
has been reached and the interfacial tension has become constant ? 
It appears that the apparent equilibrium applies only to the contact 
surface. The oleic acid in twenty-four hours reaches a new con- 
centration and the water a new degree of saturation at the interface, 
but the changes do not extend to the body of the two liquids, which 
retain the same surface tensions as they had when the contact 
surfaces were fresh. This class therefore does not obey the law 
in regard to old surfaces, though this may in reality be due to our 
inability to measure the surface tensions at the actual interface. 

All the various commercial products from petroleum, even after 
they had been distilled with steam in the presence of sodium 
hydroxide to remove traces of saponifiable oils, showed more or 
less adsorption with time, due to the presence of constituents of 
low interfacial tension. 

In Table II, the values of the tensions for the mixed solvents 
shown in column 1 are given. Where two figures are bracketed, 
the larger refers to surfaces five minutes old, and the smaller to 
those twenty-four hours old. Where only one figure is given, 
this applies to both. 

In several instances surface concentration had already occurred 
to a measurable extent at surfaces five minutes old, and the inter- 
facial tension, even at this early stage, was already somewhat 
below the calculated value. In the case of liquid paraffin, B.P., 
the adsorption was so rapid that no accurate measurement of the 
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TABLE IT. 


Surface Surface 
tension tension 
of water Surface ofthe Interfacial 
saturated tension oil tension, Interfacial 
with the ofthe saturated calcu- tension, 
Oil. il oil. with water. lated. observed. 
Amy] alcohol 244-215 4°8 
Cresylic acid , 34°3 3°5 


Petrol 6 , , 47°6 
White spirit 9° 3 5 44-4 


Paraffin oil 


mF 
bd ‘e's = os 
mt TD DD ee ee 


Liquid Paraffin, B.P 73°0 


on 


Turpentine 63°0 


Nm ce ee ee, ee 


me DD OO ee 
DDO ie 


Amylalcohol, 5% - 41-4 
Benzene, 95 %, : oe 

Aniline, 5 % + \ 

Benzene, 95 % J 

Cresylic acid, 1 % + to 29°] 
Benzene, 99 %%, ray = 
Oleic acid, 1 % + 69, 29°3 


bo 
~~! 


the dynamical method the value 41 was obtained when drops were 
allowed to form rapidly from a special pipette of wide bore. When 
the drops formed slowly the value fell to about one-half. 


Aqueous Solutions. 

In Table ITI the interfacial tensions between benzene and aqueous 
solutions of the compounds in column 1 are recorded. The differ. 
ences between the values in columns 5 and 6 are given in column 7; 
they are in close agreement with the observed values in column 8. 


TaBLe III. 
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The law holds true in all these cases, the interfacial tension 

after five minutes remaining constant for twenty-four hours. 

This does not mean that surface concentration does not take place, 

but it does prove that if it occurs it is complete, within measurable 
limits, in the case of surfaces five minutes old. 


Colloidal Sols. 


The sols were prepared as follows and kept under sterile conditions. 

Gelatin —Coignets Extra (Gold Label) was filtered. The vis- 
esity of this sol varies considerably with its age, but the interfacial 
tension was found to be independent of the viscosity. 

Gum Acacia.—Filtered aqueous sol. 

Gum Tragacanth—The powdered gum, moistened with a little 
alcohol, was treated with water, concentrated on the water-bath 
to remove the alcohol, diluted to volume and filtered under sterile 
enditions in an incubator at 37°. The insoluble matter adsorbed 
much of the gum, the original 0-5 per cent. sol only containing 
(32 per cent. after filtration. 

Starch—Two per cent. unfiltered sols of various starches differ 
greatly in viscosity, that of potato starch being 53-2 (water = 1), 
and that of rice starch only 3-7.- 

The sterile sols were allowed to stand in tall, covered cylinders 
for some days while the insoluble matter slowly settled at an average 
rate of about 2 cm. per day. The insoluble matter adsorbed a 
lage proportion of the starch, the decanted clear arrowroot sol 
oly leaving 0-488 per cent. on evaporation instead of 2 per cent. ; 
the viscosity meanwhile had fallen from 7-6 (unfiltered) to 1-52 
(lear, decanted). 

Lord Rayleigh’s classical experiments (Proc. Roy. Soc., 1890, 47, 
81) have proved that the surface tension of soap solutions, when 
the surface is not more than one-hundredth of a second old, is the 
same as that of water, although when the surface is only a few 
seconds old the value may fall to approximately one-half, owing to 
the extremely rapid concentration of the soap at the surface. If 
wlloidal sols behave like soap solutions and have the same surface 
tension as water in freshly formed surfaces, it might be anticipated 
that the sols in contact with benzene would, at the moment of 
contact, have the same interfacial tension as benzene and water. 
The application of ripple and jet methods of measurement to the 
“ls mentioned below does not appear to have been undertaken. By 
Donnan’s drop-pipette method it is possible to make a comparison 
of the interfacial tension between benzene and colloidal sols with 
that between benzene and water, and if the drops are forming 
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very rapidly (about ninety per minute) the surfaces are still fair} 
fresh. 
In Table IV the number of drops of benzene formed in the sol 


is compared with the corresponding number formed in water aff._; 


the same rate at 18°. From these numbers it appears that surfacdll, 
concentration in these cases does not take place so rapidly as iy 
soap solutions, where very much larger drop numbers are obtained 
under the same conditions, and that the sols in question have near} 
the same interfacial tension at this stage as water. 


TaBieE IV. 


Number of Interfacial tension 
drops of observed after 
benzene formed. 15 minutes. 


34°4] 

0°5 per cent. Gelatin 21°0 
Ol ,, - 26°1 
6 Acacia 32°9 
” 34°6 

36°3 

25°9 

Arrowroot, 0°488* 36°3 

Patent Starch 36°3 


* Percentage concentration after clarification. 


The interfacial tension of these sols in contact with benzene, 
measured by the statical method when the surfaces were fifteen 
minutes old, is recorded in column 3. From a comparison with 
the drop numbers in column 2 it will be seen that considerable 
concentration had occurred in the case of gelatin and tragacanth. 
As the interface grew older equilibrium generally supervened very 
slowly, owing to the lowering of the surface tension as surface 
concentration of the colloid proceeded. It was therefore necessary 
to make observations at intervals over twenty-four hours ; even then 
it was doubtful in a few cases whether adsorption had reached 
measurable limits, but it was difficult to keep the apparatus at4 
constant temperature for longer periods by means of the water 
jacket, and the error due to the variation in temperature effected 
minute changes in the interfacial tension. Starch sols formed 
an exception, for here equilibrium was reached almost immediately. 
But it was not only the interfacial tension of the sols in contact 
with benzene that changed with time. The surface tensions 
the sols, alone and also when saturated with benzene, also altered, 
and it was found that the values of these tensions, observed 4 
surfaces of the same age, were in agreement with the interfacial lav. 

The general behaviour will be made evident by considering on 
example in detail. A 10 per cent. sol of gum acacia had a surface 
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sion of 72-8 dynes per cm. when the surface was freshly disturbed, 

it the value diminished gradually for several hours as surface 

centration occurred, and after twenty-four hours it was 69-0. 

he surface tension of this sol saturated with benzene changed 
Binilarly, and was found to be 53-0 after twenty-four hours. The 
“@iterfacial tension in contact with benzene was 32-9 dynes per cm. 

hen the contact surfaces were fifteen minutes old, but fell to 27-6 

er three hours, and to 25-9 after twenty-four hours. 

In Table V are given the results obtained with surfaces twenty- 
ur hours old. Where two values are bracketed the higher refers 
» the fresh surface, and the lower to the twenty-four hour-old 
urface ; Otherwise, the value does not alter with age. The difference 
tween the values in columns 3 and 4 is given in column 5, and 
grees fairly well with the figure in column 6, although the 
greement is not so good as that in Table ITT. 


TABLE V. 
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tension, 
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1e sol saturated 
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53°0 


56°0 
62°9 
Gum Tragacanth, 0°32* 45°3 


Arrowroot, 0°488* . 64:0 28°8 
Patent Starch . 63°5 28°9 


* Percentage concentration after clarification. 
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The meniscus of a twenty-four hour-old sol in a capillary tube 
standing in a closed bottle exhibits in some cases a distinctly gel- 
like character. When the contents of the tube are allowed to exude 
lowly on to a watch glass, this gel-like surface, retaining the form 
of the meniscus, and having a depth equal to its diameter, may be 
seen floating in the body of the sol for some minutes before it is 
absorbed. 


Soap Sols. 
The surface and interfacial tensions of nine dilutions of soap sols, 


belonging to three typical classes, in contact with benzene were 
investigated. The behaviour of these sols resembled in general 
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that of the colloid sols mentioned above, the chief difference bejyg 
the more rapid surface concentration in the case of the soap sols, 

From Lord Rayleigh’s observations on surface tension (loc, ci 
it may be anticipated that the interfacial tension between the soy 
sols and benzene, at the moment of contact, would be the same 
that between water and benzene. The freshest contacts that th 
author observed were those formed in the manner described in tly 
case of the colloid sols. 

In column 8 of Table VI the number of drops of benzene, formed 
in the soap sols as quickly as they could be accurately counted 
is compared with the number of drops formed in water in thy 
same circumstances. The results prove that the interfacial tension 
at these contact surfaces, which must be considerably under ox 
second old, are 75-—21 per cent. of that of benzene—water contact 
(34-4 dynes per cm.). 

The interfacial tension determined by the preceding statica 
method became constant after five minutes in seven out of the ning 
dilutions, whilst, in the surface tension measurements of the sol 
themselves, in contact with air, equilibrium was only establishe 
after 10—120 minutes. Surface concentration therefore appear 
to be more rapid at benzene- than at air-contacts. 

It is probable that very fresh contacts, one-hundredth of a second 
old, would obey the interfacial law stated above. Old contacts, wher 
surface concentration was complete, did not do so, the observed 
interfacial tension being higher than that calculated from the surface 
tensions of the immiscible liquids. This may be due to a small 
surface concentration at benzene contacts than at saturated soy 
sol-air surfaces, but the measurements may be appreciably affected 
by hydrolysis of the soap, the free fatty acid being dissolved by tht 
benzene and a more alkaline, aqueous sol remaining. 

The soap sols were prepared as follows. Ten grams of the 
mentioned in column 1 (Table VI) were saponified by that volum 
of a solution of sodium hydroxide (D 1-30) which experience hat 
shown yielded a neutral soap, the soap was dissolved and tlt 
solution made up to 100 ¢.c. The other dilutions were prepare 
from the 10 per cent. sol. A 10 per cent. cocoa-nut sol erystallise 
after some days, and a 1 per cent. sol gelled, but on warming aut 
cooling both remained clear mobile fluids for more than twenty-{0 
hours, and the measurements were made on the recently cool 
sols. All observations were made at 17—18°. The observ 
interfacial tensions for contacts after twenty-four hours and aff 
five minutes are given in columns 6 and 7 respectively; the caltt 
lated tensions, that is the difference of the values in columns 3 and 
are given in column 5, 
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The author's results indicate that surface concentration is much 
more widely prevalent than is generally supposed, and that it affects 
solutions of every description. It seems not improbable that this 
phenomenon affects certain physical measurements such as viscosity 
and lubrication tests. 

The study of interfacial tension may throw light upon many 
chemical and biological problems. Whenever investigation proves 
that the interfacial tension of two immiscible liquids is not constant 
at a given temperature, or that the liquids do not obey the interfacial 
tension law, surface concentration, or electrical or chemical action, 
is indicated. 

In Part III it will be shown that interesting electro-chemical 
relationships can be explained by means of*the interfacial tension 
law. 

Two minor instances of its use in directing attention to chemical 
changes were noted during the investigation, and are perhaps 
worth recording. 

Carbon disulphide in contact with water and air does not obey 
the interfacial tension law. The surface tension of water saturated 
with carbon disulphide is 72-2, and that of carbon disulphide satur- 
ated with water is 32-1; the interfacial tension should therefore be 
the difference, 40-1. The observed figure was 49-3. 

The discrepancy was found to be due to the chemical interaction 
of air,"water, and carbon disulphide. When the two liquids are 
shaken together in a separator for a few seconds, an almost invisible 
film of a substance insoluble in either liquid separates at the inter- 
face. This is made more apparent by draining off the carbon 
disulphide, when the film is compressed into the restricted area 
just above the tap and is thus more easily seen. When the two 
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liquids are allowed to remain in contact for several hours in a wide, 
stoppered bottle, decomposition proceeds, and a yellowish-browy 
precipitate forms at the interface. Purification of the carbon 
disulphide in various ways failed to yield a product which did not 
show these changes, and samples obtained from three firms behaved 
alike. The nature of the oxidation product was not investigated, 

Turpentine in contact with air undergoes oxidation so rapidly 
that the accurate measurement of its interfacial tension in contact 
with water is made very difficult. The slightest contact with air 
during distillation makes a great difference in the product. Samples 
of the same specimen of turpentine were distilled as described in 
column 1 below. The interfacial tension of the distillate in contact 
with water is noted in column 2. 


Distilled in a vacuum with an air-inlet tube passing to the 
bottom of the flask 

Distilled at the ordinary pressure from a half-filled flask 

Steam distilled from a half-filled flask 

Distilled and cooled in a vacuum 


All these distillates had the same surface tension in contact 
with air, namely, 27:2. They changed slowly in character when 
stored in partly filled, stoppered bottles. Thus the sample with an 
interfacial tension 25-8 gave the value 20-9 after a few hours, and 
after it had been stored for sixteen days in a half-filled bottle the 
interfacial tension had fallen to 12-9. The specimen which originally 
showed 34-2, after having been kept for 111 days in a nearly full 
bottle, gave the value 20-1, and another portion of the same specimen, 
after 111 days’ storage in a bottle, the neck of which was plugged 
with cotton wool, had an interfacial tension of 1-06 only. The 
changed products, after having been shaken with a dilute solution 
of sodium hydroxide to remove acid matter which had been formed, 
and redistilled in a vacuum, regained their original properties; 
it was thus shown that the oxidation only affected a moderate 
proportion of the whole liquid. 

The change of interfacial tension with temperature will be the 
subject of a further communication. 


JEeYES’ LABORATORY, 
Pratistow, E. (Received, February 10th, 1921.] 
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LX.—Chlorine Overvoltages. 


By Epear NEWBERY. 


Iv a series of papers (T., 1916, 109, 1051 et seg.) the author has 
given an account of the overvoltages of a number of electrodes 
during the liberation of hydrogen, oxygen, or metal, and has 
suggested a theory to account for the results obtained. 

With the view of further testing this theory and, if possible, 
extending its scope, it was considered advisable to determine the 
over-voltage of as many electrodes as possible during liberation of 
chlorine; it was felt that although, owing to the great chemical 
activity of chlorine, very few electrodes were available, yet when 
treated as supplementary to the larger work already done, the 


+ knowledge to be gained thereby would prove of value both from a 

8 theoretical and a practical point of view. 

. To avoid misunderstanding, the chlorine overvoltage of an 

tact | Clectrode may be defined as the excess of the back electromotive 

vhen & force of that electrode above that of a standard chlorine electrode 

han § i the same electrolyte.* 

and 

the EXPERIMENTAL. 

ally The apparatus used was almost identical with that employed in 

full § previous work (T., 1914, 105, 2420), the only important change being 

nen, § the employment of a very fine vernier potentiometer (made by 

ged fH. Tinsley & Co., London) in place of the ordinary slide wire instru- 

The — ment. By means of two rheostats this was adjusted to read volts 

tion ff directly and the trouble of conversion avoided. 

ied, Temperature not being an important factor, a thermostat was not 

les; B necessary. Generally it was 16°--1°. In all attempts made up 

‘ate B to the present to determine the effect of temperature on over- 
voltage, other larger effects have so masked the temperature effect 

the J that no definite conclusions have been reached other than its 


* This is unfortunately necessary owing to the fact that attempts are 
still being made, especially in America, to measure overvoltage without 
cutting off the charging current. Under these conditions the excess of the 
potential due to transfer resistance, resistance of electrolyte, etc., may be, 
and usually is, so great as completely to mask the true overvoltage. These 
secondary effects may be altered at will by changing the size of the electrodes, 
their distance apart, the position of the standard electrode, the shape of the 
electrode vessel, ete. Measurements taken under such conditions are almost 
meaningless, and conclusions based upon them correspondingly valueless. 
Illustrations of the effect of omitting to cut off the current have been given 
by the author (T., 1914, 105, 2422), where it has been shown that errors of 
more than 1000 per cent. may be produced. 
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relative unimportance. Further work on this subject is, however, 
desirable, and will be attempted shortly. 

The standard electrode used for the sake of convenience was jp 
all cases the normal calomel electrode. In order to determine the 
exact relation between this electrode and the chlorine electrode 
without any assumptions as to boundary potential, etc., the 
following cell was made up :— 

(Pt)Cl,,N-HCl | N-HCl | N-KCl,Hg,Cl,,Hg. 
Pure electrolytic chlorine was passed round a platinised glass 
electrode to form the chlorine electrode, and the electromotive force 
of the cell rose from 1-0460 volts to 1-0530 volts in half an hour and 
then remained constant within 0-5 millivolt for two hours, the 
temperature being 16°. 

The following electrodes were examined: Copper, silver, gold, 
zinc, cadmium, mercury, aluminium, thallium, carbon (gas carbon 
and Acheson graphite), tin, lead, antimony, tantalum, bismuth, 
chromium, molybdenum, tungsten, manganese, iron, nickel, cobalt, 
rhodium, palladium, iridium, platinum. 

Of these electrodes, only carbon, rhodium, iridium, and platinum 
are unattacked by anodic chlorine. Gold, chromium, palladium, and 
sometimes thallium show well-marked passivity phenomena; anti- 
mony, tantalum, tungsten, and sometimes thallium show valve 
action ; copper, silver, mercury, and lead are slowly covered witha 
thick insulating coating; the remainder dissolve freely. The sur- 
face area of each electrode was approximately 1 sq. cm. 

The following tables are compiled in the same manner as those 
given in previous commuhications, column A _ showing values 
obtained on first passing the current with an unused electrode, 
and column B the average of several sets of subsequent readings 
with the same electrode. 

The electrolyte (unless otherwise stated) was N-hydrochloric acid. 
and the cathode a platinum plate. 


Unattacked Electrodes. 
Current 
in milli- Carbon lI. Carbon 2*. Graphite 1. Graphite 2.* 
amperes. A. B. A. B. . 
— 025 + 0°12 O15 0°32 
— 0°20 0°16 0°22 0°38 
— 015 0°20 0°45 0°40 
— 0°10 0°25 0°46 8 8=60°42 
0°00 0°32 046 80°46 
+ 0°02 0°41 0°43 = 0°46 
0°05 0°42 O41 0°46 
0°08 0°52 0°36 8 =60°43 
0°41 0°54 0°32 «0°35 
0°41 0°53 0-27 0°30 
* Coated with paraffin wax. 
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Rhodium. idi Platinum. Platinum in KCl. 
rs A, 

—0°03 oO 
0°00 0° 
0°00 0° 
0°00 0° 
0-01 0° 
0° 

0° 

0° 

0° 

0° 
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Passive Electrodes. 


Thallium. Chromium. Palladium. 
A. 

0 —0°09 —0°09 <—05 <-—0O 

5 —0'10 — 0°10 

8 —0O1ll —Oll 

0 —0'13 —0°13 

3 —0°14 — 0°14 i“ 

0°28 — 0:16 — 0°16 — 0°50 

0°28 —0°18 — 0°18 + 0°06 

0°21 —0°'19 — 0°19 0°07 

0-08 — 0:20 — 0°20 0°06 

0°00 — 0°21 — 0°21 0°06 


0°0 
0°0 
0-0 
01 
0°1 

2 


Effect of Time. 

It has been pointed out in previous communications that it is 
amatter of considerable difficulty to distinguish between the effects 
of time and of current density. If, however, the general theory is 
borne in mind, it not only becomes easier to make this distinction 
hut also the necessity for doing so appears of less importance. 

Under certain fixed conditions of current density, nature of 
surface, ete., the electrode surface first becomes saturated with 
gas, and if no compound is formed, the single potential after the 
main current has been cut off is that of a normal gas electrode, 
ind the overvoltage is therefore zero. If the current density is 
sufficiently great, one at least of the overvoltage compounds will 
tend to form under the influence of the great internal pressures 
et up in the electrode, and this compound will gradually form a 
saturated solid solution with the electrode surface. 

The time taken to form this saturated solution will depend on 
the solubility of the compound, rate of formation, current density, 
tte, and will therefore vary greatly with different electrodes and 
under different conditions. When the saturated solution is formed, 
the single potential of the electrode is completely determined by 
the ionisation of the overvoltage compound, and the measured 
wervoltage then becomes constant. It is evident that the occur- 
tence of an ideal condition of this type may be somewhat rare and 
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its attainment frequently very difficult, since the overvoltage may 
tend to rise owing to the formation of new compounds, or to fil 
owing to the break up of the electrode surface releasing the hig) 
pressures and allowing the compounds already present to decom. 
pose. It is therefore only by careful study of the figures given, 
in the light of this theory, that a true estimate of the single poten. 


tials of the overvoltage compounds can be made. In the preceding} pure 


tables the time interval between readings in column A may bp 
taken as approximately one minute. The values shown ther 
should be compared with those given in the following tables. 

Time Experiments.—These experiments were carried out exactly 
as those previously described (T., 1916, 109, 1055), the electrodes 
being cleaned with fine emery cloth before each series of readings 
was made. 

Gas Carbon 1. 


Current 
in milli- Time in minutes. 
amperes. 1. 2. , . 5. 10.15. 20. 25. 30. 
1 —0°26 —0°24 — —0°20 —0°16 —0°14 —0°12 —0°10 —0°08 
10 —0°01 0°00 ‘ i : 0°02 O02 O02 0°03 0:03 
100 O17» 0°24 , , , 0°47 «40°48 O47 0°46) 0°46 
1000 0°44 0°45 P , , 0°46 046 0°46 0°47 0°47 


0°05 0°06 ‘ 007 OOS O08 O09 O10 O11 O11 

0°14 O16 P 018 O18 O18 O18 O18 O18 O18 

0718 0°18 4 018 O18 O19 O19 O19 O19 O19 

0°24 0°25 ‘ 0°26 O28 0°34 O36 0°40 0°42 0°45* 
* Remained constant at 0°45 volt for a further 30 minutes. 


Rhodium. 
0°01 OO1 002 O02 0°03 
0°08 O09 0-10 
0°23 0°23 0°23 
0:27 O28 0:29 


008 O10 O11 
013 O13 O14 
016 O16 O17 
018 O18 O18 


cee 


et et et 
“1@ crbo 


Platinum. 
—0°02 —0°01 —0°01 —0°01 —0°01 . , . 0°00 
10 +0°02 0°02 0°02 002 0°02 f “ . 0°02 
100 +027 O33 0°36 0°37 0°38 . . . 0°41 
1000 0°46 046 046 046 0°45 : “4: 45 0°45 
Gold. 
100 0°20* 0°21 0°22 0°23 0°24 ‘ 0°26 0°28 0°30 
1000 §=60°30 «6031 «6031 «6030S 0°31 , 0°31 0°30 O31 0°32 
* Current of 500 milliamperes passed for 5 secs. to passivate the electrode. 
Palladium. 


100 . ° ° 0-02 0-02 0-02 002 002 002 0-021 
1000 = 0°07 . . 007 0:07 007 007 0°07 0°08 0°08} 
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Remarks on Individual Electrodes. 


Generally speaking, the purity of the electrodes is a matter of 
Hiittle importance, and although in this work electrodes having a 
high standard of purity were used, identical results were obtained 
hin the few cases where parallel experiments were performed on less 
pure metals. The gas carbon electrodes were small rods obtained 
from Le Carbone Cie, and the graphite electrodes were manufactured 
by the Acheson Co. of Niagara Falls. 

Little need be said about the attackable electrodes. Copper and 
yfmercury become coated with cuprous and mercurous chlorides 
respectively, and no metal can be detected in solution. Silver is 


ings coated with a thick deposit, white next the metal and purple on 


the surface. These phenomena appear to indicate a reducing action 
of the chlorine ions similar to that of hydrogen peroxide or per- 
manganates. The purple colour of the silver chloride may be due 
to a colloidal solid solution of metallic silver comparable with 
Purple of Cassius. 

Thallium.—The behaviour of this metal is peculiar and needs 
further study. Sometimes it behaves as a passive electrode and 
current passes freely, whilst at other times the same electrode 
under apparently similar conditions behaves as a valve electrode, 
but does not show the high back electromotive force typical of most 
valve electrodes. 

Gold—The back electromotive force was strongly negative and 
the metal dissolved freely without evolution of gas until the current 
density was raised to 200 milliamperes per sq. cm. When this 
pint was reached, the back electromotive force rose more than 
5 volt in three seconds, dissolution of the metal almost ceased, 
aid chlorine was evolved freely. Under these conditions the gold 
vas undoubtedly in the passive state. On reducing the current 
density, this condition persisted until the current was less than 
0 milliamperes, when the active state returned suddenly. 

Gas Carbon.—From a technical point of view, the carbon anodes, 
including graphite, are certainly the most important in connexion 
vith chloride solutions, and from a theoretical point of view their 
tehaviour is no less interesting. 

With a fresh carbon rod, the overvoltage is at first negative owing 
lo the free absorption of chlorine. Even when saturated, the over- 
wltage remains low (nearly zero) until a moderately high current 
insity is applied, when it suddenly rises to more than 0-4 volt. 
{iter the electrode has been used for some time at high current 
lensities, the overvoltage tends to rise to a still higher value, but 
these higher values are erratic and unstable. The surface is dis- 
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integrated and has every appearance of having been graphitise 
to a depth of nearly half a millimetre. Bubbles of gas emey 
from the electrode long after the current has been stopped, showin 
the great pressures which must be produced within the substance 
A process in general use in large scale work to minimise this disinte 
gration consists in steeping the electrode in melted paraffin wax 
Electrodes treated in this way were used in obtaining the result 
shown under the heading Carbon 2. It will be seen from the table 
that the effects of waxing are to prevent absorption and to rais4 
the overvoltage almost immediately to values of more than 0:4 volj 
even at low current densities. At very high current densities the 
overvoltage is lower than that of the unwaxed electrodes, and at the 
same time disintegration appears to be greater. 

Acheson Graphite—These electrodes also have been examine 
both in the unwaxed and the waxed condition. The absorptio 
of chlorine is evidently very slight, but the overvoltage soon rise 
to a very persistent value of about 0-18 volt and only after long use 
at very high current densities is the steady value of 0-45 volt obtained 
with the unwaxed electrodes. On the other hand, the waxed 
electrodes only show the lower value at very low current densities, 


and a very rapid rise to a moderately constant value of more than 


0-4 volt when the current density is raised. At high current den- 
sities a further rapid rise occurs to nearly 0-7 volt and this value 
is very constant and persistent although the surface is disintegrating, 
It is evident, therefore, that carbon shows four definite overvoltages 
—=zero, 0-18, 0-45 and 0-70 volt—with rapid transitions from one 
to another. 

Antimony, Tantalum, and Tungsten—These metals show the 
phenomena of valve action. An insulating film rapidly forms on the 
surface, black in the case of antimony and bronze-coloured in the 
cases of tantalum and tungsten. At the same time the back 
electromotive force rises to a high value, 4 volts or more. 

Chromium behaves in a peculiar manner. When no current is 
passed, its potential referred to a chlorine electrode is about —0:8 volt. 
When a small current is passed, this potential rises to —0-09 volt, 
but when the current is increased the potential falls regularly, 
shown in the table. These potentials are remarkably constant 
and are more accurately reproducible than those of any other 
electrode used in these experiments. No gas is liberated, but 
chromic acid is formed. No chromium salt could be detected. Ii 
is doubtful whether this can be looked upon as a case of passivity 
or not. The rise of single potential seems to indicate passivit! 
and the dissolution of the metal as chromic ion is prevented, bul 
at the same time the formation of chromate ion is induced. 
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Rhodium.—According to Roscoe, of all the platinum metals, 
thodium is the most easily attacked by chlorine. This statement 
> ertainly does not hold if anodic chlorine is used, for no evidence 
Bof any action could be detected, whereas palladium under certain 
circumstances dissolves freely. Its overvoltage is not very definite 
of except at low current densities, when it is nearly zero, and at high 
current densities, when it approaches the value 0-3 volt. Between 
Jihese limits, the values vary too much with current density for any 
., trustworthy conclusions to be drawn. 

Palladium like gold shows the typical behaviour of a passive 
metal. At low current densities the metal dissolves readily, giving 
iF deep yellow solution. No gas is liberated and the single potential 
Tis about 0-5 volt below that of a chlorine electrode. When the 
current density is increased from 50 to 100 milliamperes per sq. cm., 
dissolution of the electrode suddenly stops, gas is liberated and the 


-msingle potential rises by more than 0-5 volt. When the current 


density is reduced, the active state is restored with similar sudden- 
ness. In the passive condition, the overvoltage is always low and 
may be taken as approximately zero. 

Iridium.—When first used, the overvoltage of an iridium electrode 
is low until a current of 50 milliamperes is passed. At this stage, 


.4 2 tapid rise occurs and at higher current densities the overvoltage 


may exceed 0-2 volt, but this high value is transient and a constant 
value of 0-18 volt is soon attained. After use, small patches of 
«4 the electrode were found to be slightly “‘ frosted,” and microscopic 
examination showed that this frosted appearance was due to minute, 
crater-like formations similar to those of which photographs have 
been shown (T., 1914, 105, 2427). A small quantity of gas issues 
from these patches after the current has been cut off. 

Platinum.—This metal shows three clearly marked overvoltages— 
zero, 0-18 and 0-45 volt—the transition from one to another being 
remarkably rapid and definite. The very low and constant over- 
voltage at low current densities renders this metal very suitable 
to moderated electrolytic chlorinations. When the current density 
teaches 200 milliamperes per sq. cm. a sudden rise of overvoltage 
occurs from nearly zero to 0-45 volt, and this value persists up to 
1000 milliamperes per sq.cm. If now the current density is doubled, 
the anode surface becomes broken (frosted) and the overvoltage 
diminishes to 0-18 volt. This value persists at high and at medium 
current densities, and the higher value can only be restored by 
removing the electrode, cleaning and repolishing. The dependence 
of high overvoltages on conditions which admit of very high internal 
gaseous pressures is thus well illustrated. 

The absorption of chlorine under pressure is also well shown 
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by coating one side of the electrode with sealing wax about 1—2 mp 
thick. When the current is passed, the electrode surface expands 
and exerts a considerable force on the backing of sealing wax, 
which is sometimes even broken by its tendency to curl with the 
convex metallic surface. When the current is interrupted, gas 
escapes from the electrode for several minutes and the metal slowly 
regains its initial shape. 


It appears from these results that for moderate electrolytic 
chlorination, platinum electrodes, preferably platinised, with 
low current densities are suitable, whereas for very powerful 
thlorinations, waxed graphite electrodes are the only electrodes 
capable of giving the requisite, high overvoltages. 


Discussion of Results. 


The most striking feature of these results is their remarkable 
resemblance to those obtained for hydrogen overvoltages. The 
number of cases where the hydrogen and chlorine overvoltages are 
identical is far too great to be accidental, and the necessary con- 
clusion from this is that the law previously suggested—elements 
in the same group of the periodic system show the same hydrogen 
overvoltages—must be extended to include chlorine overvoltages, 
In other words, hydrogen and chlorine overvoltages are the same 
functions of the valency of an electrode. 

The following table of chlorine overvoltages may be compared 
with that of hydrogen overvoltages given in T., 1916, 109, 1115 
(metals which have the overvoltage of a group to which they do not 
properly belong are placed in brackets). 


Group 0.—Typical overvoltage, 0-0 volt; (carbon), (rhodium), 
(iridium), (palladium), (platinum). 

Group I.—Typical overvoltage, 0-35 volt; gold, (thallium). 

Group II.—Typical overvoltage, 0-7 volt ; (carbon). 

Group IV.—Typical overvoitage, 0-45 volt; carbon, (platinum). 

Group VI.—Typical overvoltage, 0-3 volt ; (rhodium). 

Group VIII.—Typical overvoltage, 0-18 volt; (carbon), iridium, 
platinum. 


It is noteworthy that only waxed graphite is capable of showing 
the high overvoltage of a bivalent element, and that the higher 
values generally are more difficult to obtain than those in the 
case of hydrogen overvoltages. This is due partly to the great 
chemical activity of chlorine and partly to its greater solubility 
in the electrolyte as compared with hydrogen. Both factors tend 
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to prevent the development of the high pressures necessary for high 
overvoltages. 

A further interesting point arises when chlorine and hydrogen 
overvoltages are compared with oxygen overvoltages. It was 
suggested, somewhat tentatively (T., 1916, 109, 1117), that if the 
single potential of the hypothetical hydroxyl electrode is taken as 
standard in place of that of the oxygen electrode, anodic (hydroxyl) 
overvoltages show a marked resemblance to hydrogen overvoltages. 
The data available at the time were considered insufficient to justify 
a definite conclusion as to the identity of hydrogen and hydroxyl 
overvoltages, but in the light of the present work it appears evident 
that hydrogen, hydroxyl, and chlorine overvoltages are all identical 
and are completely determined by the valency of the electrode. 

In this connexion the position of graphite in group VIII of the 
above table calls for comment. The overvoltage of 0-18 volt, 
which hitherto has only been observed in the case of elements of 
group VIII, is so definitely and persistently shown by graphite 
that one is forced to the conclusion that graphite is behaving as 
an octavalent element. The atom of graphite therefore must con- 
tain a double nucleus with at least the outer rings of valency electrons 
of two carbon atoms rotating about this double nucleus. This raises 
a tempting, if dangerous, field of speculation, and the following 
two examples may be given as illustrations of the many conclusions 
which could be drawn :— 

1. The tendency to form long carbon chains in organic com- 
pounds may be due to this capacity of the carbon nuclei to coalesce. 

2. The abnormal behaviour of the first member of a homologous 
series may be due to the presence of a true carbon atom, whilst 
the next member of the series would contain a double carbon or 
graphite atom. ‘Thus methyl alcohol would still be CH,*OH, whilst 
ethyl alcohol might be written (Gr)H;-OH. The quantity of heat 
evolved when amorphous carbon changes to graphite indicates 
that the carbon atoms in graphite are more closely bound together 
than those in amorphous carbon, and the increase in density points 
to the same conclusion. 


Summary and Conclusions. 


The more important points so far established with relation to 
overvoltage may now be summarised. 
1. Overvoltage is only produced when gases under high pressures 
are liberated at an electrode. 
2. Overvoltage is the same whatever gas is liberated, whether 
carrying a positive or negative charge. Hence the increase of 
VOL. CXIXx. ) 
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potential produced by removing an electron from an ion already 
containing x positive charges is the same arithmetically as the 
decrease of potential produced by adding an electron to an ion 
already containing x negative charges. 

3. The nature of the electrode surface, material of the electrode, 
nature and solubility of the gas liberated, current density, time, 
etc., are all factors in determining the gaseous pressures set up in 
the electrodes, and hence indirectly take part in the determination 
of the composition of the compounds responsible for overvoltage, 

4. Overvoltage is independent of the particular element chosen 
as electrode, except in so far as it is indirectly affected by (3) above, 
but is dependent on the valency of that element. 

It seems probable, therefore, that the overvoltage compounds 
carry an excess (or deficiency) of electrons and that the addition of 
each electron produces a definite increment in the single potential; 
this increment is dependent only on the number of loosely bound, 
valency electrons present in the atom of the electrode or ion of the 
overvoltage compound, 

This leads naturally to the question of the normal single poten- 
tials of the elements and their relations to each other, and work 
is in progress along these lines, which, although not far advanced at 
present, has given good grounds for the statement of the following 
law :— 

The single potentials of the elements are periodic functions of 
their atomic numbers. 


Puysicat CHEMISTRY DEPARTMENT, 
UNIVERSITY oF Care Town. [Received, January 8th, 1921.] 


LXI.—The Stability of Tautomeric Formaldehyde 
phenylhydrazones. 


By Nevin Vincent Stpewick and ELinor KATHARINE 
EWBANK. 


BAMBERGER AND Scumipt (Ber., 1901, 34, 574, 2001) have shown 
that a series of substitution products of the phenylhydrazone o 
formaldehyde, of the type CHR:N-NHPh, occur in two modifica 
tions, which are certainly different in solution as well as in the 
solid state (see Sidgwick, T., 1915, 107, 678), and are very probably 
cis- and trans-isomerides. They find that with such substances 
one form may be obtained by crystallisation from alcohol, and the 
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other from light petroleum. From this they infer that the stability 
of the form is determined by the solvent with which it is in con- 
tact. Dimroth (Annalen, 1910, 377, 136) accepts this conclusion, 
and explains its apparent contradiction to the van’t Hoff-Dimroth 
law (which makes the stability independent of the solvent) by 
assuming that the substances are polymerised in one solvent. It 
is easy to show that this explanation will not hold: if we take 
polymerisation into account, the van’t Hoff-Dimroth equation 
assumes a somewhat different form, but still gives the stability as 
independent of the solvent. The only condition under which the 
solvent can determine the stability is when the heat of trans- 
formation is so small as to be comparable with that developed when 
the crystals are wetted with one or other solvent. Only one such 
case is known for certain, but this curiously is a substance of the 
same type as Bamberger and Schmidt’s products, namely, the 
phenylhydrazone of acetaldehyde (Lockemann and Liesche, Annalen, 
1905, 342, 14; Laws and Sidgwick, T., 1911, 99, 2085). It seemed 
therefore not impossible that the formaldehydephenylhydrazones 
offered another example of this peculiarity, and it was interesting 
to examine their behaviour from this point of view. 

Two of these compounds were prepared and investigated, benzoyl- 
fomaldehydephenylhydrazone (phenylglyoxalphenylhydrazone), 
(,H,CO-CH:N-NH-C,H,, and nitroformaldehydephenylhydrazone, 
NO.°CH:N-NH’C,H,. 


I. Phenylglyoxal phenylhydrazone. 


This was prepared by Bamberger and Schmidt’s method (loc. cit.). 
According to these authors, the «-form, obtained from benzene or 
light petroleum, melts at 114—117°, and the 8-form, from alcohol, 
at about 138°. 

The crude product from benzoylacetic ester and the diazonium 
salt (which is mainly the $-form) was boiled for several hours with 
light petroleum (b. p. 60—80°) until it was all dissolved. On cooling, 
short orange prisms of the «-form separated out, which melted at 
ll1—112°, 

Mere recrystallisation of this from alcohol was usually insufficient 
0 cause any serious conversion into the $-form. A better method 
is to digest the crystals for several hours at 40—55°, or for a few 
days in the cold, with insufficient alcohol to dissolve them. The 
maining erystals on drying were found to melt at 132—133°. 

An attempt was made to distil the o-form under diminished 
pressure. At 23 mm. it came over with considerable decomposition 
at 215—230°, and condensed to an orange mass melting at 120°. 

Ss 2 
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On distillation of the a-form with steam the compound came oye 
slowly, separating from the distillate as a pale yellow, flocculey 
precipitate which melted at 134—135°, and appeared to be the 
pure or nearly pure @-form. But when this was digested with , 
little alcohol for several hours at 32°, its melting point rose tp 
145—146°. This seemed the most satisfactory method of obtaining 
the 8-compound, and was that subsequently adopted. The exag 
melting point varied slightly with different preparations, bu 
145—146° was the highest observed, and is presumably the melting 
point of the pure $-modification. 

In order to determine whether the stability of the forms is really 
dependent on the solvent, several samples of the a-form, melting at 
111—112°, were left in contact with small quantities of light petrol. 
eum and alcohol respectively at the ordinary temperature, and 
from time to time portions of the solid were removed, dried, and 
their melting points measured. In all cases the melting point rose 
gradually, the final values reached, and the time required, being — 


In alcohol, 1 month . , , ‘ — x 
= 1 month (another experiment) . 138°. 

In light petroleum, 15 hours ; ‘ 
a = lmonth . ‘ . Ie. 


127° 


wi. 


It is therefore evident that the $-form is stable in contact with 
either solvent. The peculiar behaviour of the substance must be 
due to the fact that the change of each modification into the other 
in solution is slow, and that the proportion of the «-form is much 
larger in non-associated solvents than in alcohol. Hence when the 
8-form is boiled with light petroleum a solution is ultimately obtained 
which contains a large excess of the a-modification, and if this is 
rapidly cooled, the a-form crystallises out before it has time to 
change back into the $-form. But if sufficient time is given for 
the change, by leaving the crystals in contact with the solvent, 
the $-form is the ultimate product, whatever solvent is used. (n 
distillation of the «-form with steam, the conversion into the $-form 
is nearly complete, so that the a-form must be almost absent from 
the vapour, or the conversion in water unusually rapid. 

The exact melting point of any given sample varies with the 
rate of heating, and it is evident that the transformation is fairly 
rapid in the fused state. We were able to determine the natural 
freezing point by heating some of the substance in a test-tube con- 
taining a thermometer, in a bath of which the temperature was 
very slowly raised. Whether the a-form (m. p. 112°) or the 6-form 
(m. p. 135°) was used, the last crystals were found to disappear at 
128-5°. 
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The solubilities were measured by the synthetic method in alcohol, 
benzene, and n-heptane. In alcohol, the only form the solubility 
of which can be measured is the 8, since the a is transformed into 
this before saturation is reached. But with benzene and heptane 
it is possible to measure the solubility of both forms in the same 
tube. If the tube is heated until all is dissolved, and then cooled 
rapidly, the orange crystals of the a-form separate, and the tem- 
perature can then be observed at which these are all dissolved; 
whilst if the tube is left for some time, a yellow powder of the 6-form 
appears, and the solubility of this form can now be measured. 

It is obvious that with a substance of this kind we might measure 
for each form two solubilities; (4) when the solution contains only 
that form, and (8) when it contains a mixture of the two in chemical 
allelotropic) equilibrium. With these substances the isomeric 
change is too rapid at temperatures above the ordinary for it to be 
possible to measure (A), and it was only (B) that we could hope to 
determine. 

The results are given in the following table, the first column 
indicating the number of grams of substance in 100 grams of solution. 
They cannot be made very accurate, because the chemical equilibrium 
is not completely established for a long time, but they give an 
approximation to the true values. 


Solubility of Phenylglyoxalphenylhydrazone. 


In Ethyl] Alcohol. In Benzene. In Heptane. 
Percent. Temp. Percent. Temperature. Percent. Temperature. 
(8-form) a-form £8-form a-form £8-form. 
(1000 128°5°) (100-0 —  128°5°) (100-0 128°5°) 
90°2 113°5 89°8 — 55°9 113°0 
749 =103°4 70°8 75°3° 98 35°4 111-0 
55°2 98-0 45°0 56°0 9°: 17°0 103°2 
39°5 93°5 38°6 50°0 e 10°1 93°5 
19°6 83°4 30°2 40°8 ie 4°63 80—81 
88 70°0 19°9 29-0 59° 1°82 71—72 
10°4 8-0 : 
48 —- 
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In benzene, the solubility of the a-form could not be determined 
at the highest temperatures, as it was converted into the ® before 
saturation was reached; whilst at the lowest concentrations in 
heptane the exact temperatures were difficult to measure, owing 
to the small quantity of crystals which separated. 

It can easily be shown that the ratio of the solubilities (if they 
are small) of the two forms of a substance in contact with the allelo- 
tropic solution must be the same at a given temperature in any 
solvent (for an example of this, see Chattaway and Lambert, T., 
1915, 107, 1781). To test this point, the solubilities were measured 


490 SIDGWICK AND EWBANK: THE STABILITY OF 


in a thermostat at 32°, the hydrazone (either form) being stirred 
with the solvent until equilibrium appeared to be reached. The 
solutions were analysed by evaporating off the solvent at 100° 
It was found that the time required for the 8-form to reach equili- 
brium was usually one hundred to one hundred and fifty hour, 
whilst the «-form could not be left more than eight or nine hours in 
the other solvents, and not more than two hours in cyclohexane. 
before the solid began to change into the 6-form. Hence the values 
for the «-form are all somewhat low, and that for cyclohexane js 
no doubt much too low. 


Solubilities at 32°. 
Solvent. Per cent. Per cent. 
a-form B-form 


Benzene 

Heptane 

Carbon tetrachloride 
cycloHexane 


It will be seen that there is fair agreement, except in the last 
solvent, where the «-value is certainly too low, and hence the ratio 
likewise. 

If the benzene values are plotted on the same diagram as the 
solubility determinations in this solvent given in the first table, 
they will be seen to be several units per cent. higher. There is 
no doubt that the determinations in the thermostat are more 
trustworthy, because a longer time was given for the attainment 
of equilibrium. By interpolation from the solubility curves we 
can get values of the ratio at every 10°. These, although only 
approximate, for the reasons given, are worth recording. 


Solubility in Benzene. Solubility in Heptane. 
Temp. a-form £-form Ratio. a-form £8-form Ratio. 
90° 24°5 8:1 3°0 
80 12°6 4°2 30 
70 8°20 1°80 4°6 
60 
50 
40 
30 
20 
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The values of the ratio are much higher in heptane, probably 
owing to the difficulty of allowing enough time for saturation. 

In benzene a fairly regular curve for the ratio is obtained, which 
extrapolates to a value between 4 and 5 at 0°. It is to be remem 
bered that the generalisation is only strictly true in dilute solution, 
which may explain the fall in the ratio as the solution becomes 
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more concentrated; though it is also possible that the substance 
is approaching its transition point as the temperature rises. 

The solubilities of the two forms in benzene at about + 3° have 
been measured by the freezing-point method (Sidgwick, T., 1915, 
107, 678), and were found to be : « , 5-84, 8, 0-322 per cent. (assuming 
that they are not polymerised in solution). Under these conditions 
isomeric change is practically excluded, and these may be taken 
to be solubilities in sense (A), with only one form in solution. This 
mables us to arrive at an approximate value of the proportions 
of the two forms at allelotropic equilibrium in benzene. 

As we have seen, the ratio of the solubilities of the two forms 
at allelotropic equilibrium (sense B) at + 3° is between 4 and 5. 
let us assume it to be 4; and let the ratio of the concentrations 
1:8in benzene solution at + 3° be k. Then as we know that the 
percentage of a-form in solution in equilibrium with the solid «-form 
is 584, it follows that at allelotropic equilibrium there is also present 
in solution 5-84/k per cent. of the B-form. In the same way in a 
solution saturated with the solid 6-form we have 0-322 per cent. 
of the B-, and 0-322 x k per cent. of the «-form. Thus the total 
concentrations at equilibrium (sense B) are :— 


Solution saturated with a-: 5°84 -+ 5°84/k = 2 
B-: 0°322 + 0°322 x k=y 


99 99 9? 


The ratio a/y = 4, so that we have a quadratic for k, the value 
of which is found to be 4:5. If we assume the ratio to be 5 instead 
of 4, k will be 3-6. Taking the mean value k = 4, it follows that in 
benzene solution at + 3° there is at equilibrium approximately 
4times as much «- as 6-form. 

This also enables us to calculate the value of the van’t Hoff- 
Dimroth constant G for this substance at + 3° :— 


Concentration of the a-form at equilibrium ~ Solubility of the B-form 


q — Concentration of the 8-form at equilibrium , Solubility of the a-form 


II. Nitroformaldehydephenylhydrazone. 


The crude product obtained by Bamberger’s method from nitro- 
methane was freed from the nitroformazyl mixed with it by dis- 
solving it in the cold in sodium hydroxide solution, and adding 
concentrated hydrochloric acid until a definite red precipitate 
was formed. This was filtered off, and excess of hydrochloric 
acid added to the filtrate. Five grams of crude product gave 
36 grams of the $-hydrazone melting at 83-5° (Bamberger and 


INGOLD AND THORPE : 


Schmidt, 84-5—85-5°). 2-8 Grams of this were warmed with 5 e¢. 
of benzene for half an hour, by which time solution was complete, 
and on cooling 2 grams of the «-form, m. p. 74° (Bamberger and 
Schmidt, 74-5—75-5°) were obtained. 

Samples of the «-form were put in test-tubes with small quantities 
of alcohol, benzene, and carbon tetrachloride respectively. After 
three days at 32°, they all showed signs of considerable decomposition, 
except the sample in contact with alcohol, which had been seeded 
with a trace of the 8-form. In this the liquid had solidified to a mass 
of the 8-form, m. p. 82—84°. The same results occurred in another 
set, after a week at the ordinary temperature. In carbon tetra. 
chloride, after two months at the ordinary temperature, a distinct 
yellow coating of the $-form was visible on the sides of the tube, 
although it could not be separated from the partly decomposed 
mass well enough for its melting point to be determined. 

The instability of the compound made further investigation 
impossible; but these results are enough to show that with this 
hydrazone, as with the preceding one, the §$-form is stable in 
contact with non-associated as well as with associated solvents, 
We may fairly assume that the same is the case with the other 
hydrazones examined by Bamberger and Schmidt. 


One of us (E. K. E.) has received a grant from the Department 
of Scientific and Industrial Research, for which she wishes to express 
her thanks. 
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LXII.—The Chemistry of the Glutaconic Acids. Parl 
XII. The Simultaneous Occurrence of 1: 2- and 
of 1:3-Addition to ‘‘ Nascent’? Glutaconic Ester. 


By CuristopHer Keik Incotp and Jocetyn Frecp THorre 


In the previous parts of this series it has been shown that the 
glutaconic acids afford examples of a kind of tautomerism which, 
although of a fundamental nature, has hitherto passed unrecognised. 
This tautomerism is of the type associated with the “ three-carbon 
system,” and may be compared with keto-enolic and ketimino- 
enamic tautomerism in the following way : 
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keto-enolie >CHU:0 => >c:6-0H 
{ I 
ketimino-enamic >CH°C:N— —. >C:C-NH— 


three-carbon >CH-U:C< wr >c:b-CH< 


The great difference between three-carbon tautomerism and the 
other varieties is clearly one of symmetry. Thus, when the mobile 
hydrogen atom in a keto-enolic system passes from carbon to 
oxygen, it must at some moment during the transit become attached 
to the central atom of the tautomeric grouping; but, owing to the 
unsymmetrical character of the grouping, this attachment can 
never constitute more than a very fleeting phase of the tautomcric 
interchange: the forces called into play will quickly draw the 
mobile atom either to the one side or to the other. In the case of 
the three-carbon system, on the other hand, the state in which the 
mobile hydrogen atom has become attached to the central carbon 
atom is the symmetrical one; the forces acting on the mobile atom 
will therefore be symmetrically arranged and will tend to create a 
condition of equilibrium. This symmetrical or “normal” state 
isin very many respects similar to the centric phase of the tautomer- 
im of aromatic compounds. Both phases are in equilibrium with 
unsaturated phases, which, to judge by the properties of the sub- 
stances, are in both cases relatively transient : 


a \ / 
PONG ZK = P\oy7\ PAN 


(normal) 
| ! 
C ‘\ ( ZC 
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In glutaconic acid itself the normal state is so much more stable 
than the unsaturated state that it may be regarded for most purposes 
as the permanent condition of the substance. The effect of sub- 
stitution by alkyl groups is two-fold. In the first place, substitution 
in the «-position disturbs the symmetry of the molecule, and there- 
fore tends to reduce the permanence of the normal form which 
depends for its stability on an equilibrium of forces. Secondly, 
substitution in any position, but particularly at the central carbon 
atom of the system, reduces the velocity of tautomeric interchange, 

s* 
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in many cases to such a degree that the establishment of false 
apparent equilibria becomes possible. 

Thus, in the case of glutaconic acid itself, tautomeric interchang. 
is rapid, and the substance can be isolated in one modification only, 
namely, the normal one. In the dissolved state, and in the form 
of its esters, it still appears to consist almost entirely of this modi. 
fication, although, doubtless, there is always present the trace of 
the unsaturated isomeride necessary for the establishment oj 
equilibrium. 

. In the case of 8-methylglutaconic acid, on the other hand, both 
the normal and the unsaturated acids can be isolated in the pur 
condition, and, so far as is known, can be kept indefinitely. Even 
the liquid esters can be kept in the dark for years without any 
perceptible isomeric change, although in daylight the unsaturated 
ester undergoes conversion into the normal ester at quite an 
appreciable rate. (Part XI, T., 1919, 115, 679.) Consequently, 
the esters of normal and of unsaturated $-methylglutaconic acid 
behave in ordinary laboratory experiments as stable isomerides 
rather than as tautomeric substances. 

By studying these apparently stable isomerides it has been 
shown in previous parts of this series (Part IX, T., 1913, 103, 1579; 
Part XI, loc. cit.) that the normal and the unsaturated esters differ 
sharply with regard to their capacity to form additive products 
with ethyl sodiocyanoacetate. Whilst the unsaturated ester, in 
common with almost all other «8-unsaturated esters, readily forms 
a 1: 2-additive product at the double bond, the normal isomeride 
reacts only very slowly, and forms a 1 : 3-additive product, as the 
semi-aromatic formula, which has been adopted as the best mode 
of representation for these compounds, requires : 

CH,°CO,Et CH,°CO,Et 

(Me CHNACON)'COsEt  GMeCNa(CN)-CO,Et 

CH-CO,Et CH,CO,Et (quickly formed) 

*CH-CO,Et CH,°CO,Et 

CHMe my Clie 

‘-CH-CO,Et GH(CO,Et)-CNa(CN)-CO,Et 
(slowly formed). 


It is not possible to repeat these experiments and obtain parallel 
results with glutaconic ester itself owing to the great tautomeric 
mobility of this ester already referred to, and to the fact that only 
a trace of the unsaturated form is present in the equilibrium mixture. 
Nevertheless, the very high velocity of tautomeric interchange has 
made it possible to obtain an indication of the presence of the 
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unsaturated form. For, when glutaconic ester was heated with 
an alcoholic solution of ethyl sodiocyanoacetate (Part IX, loc. cit.), 
a condensation product was obtained in small yield, of which the 
main constituent was shown to consist of the 1 : 2-additive product 
derived from the unsaturated modification of the ester. The fact 
that this additive product was actually formed in recognisable 
amount, although small, was ascribed to the extremely mobile 
character of the tautomeric system. The tendency to the restor- 
ation of equilibrium, as it became disturbed by the removal of the 
reactive constituent, must have maintained the concentration of 
the latter at a nearly constant (although extremely low) value 
throughout the period of interaction. 

Such evidence of the existence of the unobtainable, unsaturated 
form of glutaconic ester, and of the mobile equilibrium subsisting 
between it and the normal modification, appears rather incomplete, 
and needs to be substantiated. Now, although the unsaturated 
ester cannot be isolated, there is no obvious reason why its charac- 
teristics should not be studied by making use of the nascent con- 
dition of the substance. 

The term ‘‘ nascent” is here used in view of a very obvious 
analogy in inorganic chemistry. Gaseous hydrogen, as such, is 
a very feeble reducing agent. Its generation, however, takes 
place, when a metal dissolves in water, in two stages, and there is 
formed intermediately atomic hydrogen, which is a powerful 
reducing agent : 

Na +H,0 —> NaOH + H. 


a? eh 

Atomic hydrogen, as such, cannot be isolated, and therefore, in 
order to be used for reduction, must be employed in the nascent 
state, that is to say, must be generated in the presence of the 
substance to be reduced. Direct competition then takes place 
between the reducing reaction and the conversion of atomic 
hydrogen into the stable, molecular form. If one regards the 
latter reaction as having a minute degree of reversibility, indicated 
by the symbol in the second equation (above), the analogy with 
glutaconic ester becomes complete. 

In order, therefore, to make use of the unsaturated modification 
of glutaconic ester in the nascent state, it is necessary to generate 
this substance in the presence of a reagent with which it can com- 
bine. A method of accomplishing this has been indicated by one 
of us in a recent paper. It was there shown (this vol., p. 329) 
that the esters of 6-hydroxy-acids readily eliminate water and pass 


into unsaturated substances under the action of a hot, alcoholic 
s* 2 
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solution of ethyl sodiocyanoacetate. Therefore $-hydroxyglutari 
ester, when treated in this way, should yield glutaconic ester jy 
its unsaturated form. Under more usual conditions of formation 
this substance would quickly change into the normal modification: 


CO, Et-CH,-CH(OH)-CH,-CO,Et —- CO, Et-CH,-CH:CH-CO,Ei 
A 
CO,Et-CH-CH,-CH-CO,Rt 


Here, however, the unsaturated ester would be produced in the 
presence of a reagent for unsaturated compounds, and combination 
with the reagent should ensue to an extent determined by the 
velocity of this reaction in relation to that of the tautomeric change. 

Actually the velocity of the condensation reaction compare 
very favourably with that of the tautomeric interchange. 4 
preliminary indication has been given elsewhere (this vol., p. 346) 
that, under the experimental conditions employed, the yield of the 
condensation product derived from the nascent unsaturated ester 
amounts to 65 per cent. of that theoretically possible. Calculated 
on the quantity of the nascent ester which can be shown (p. 448) 
to have been formed (this quantity is actually rather less than the 
theoretical amount) the proportion found as the condensation 
product derived from this substance amounts to as much as 78 pet 
cent. of the total. The quantity simultaneously converted into the 
normal isomeride is consequently only 22 per cent. 

As it is not possible (Part XI, loc. cit.) to obtain from the normal, 
or, to speak more accurately, the equilibrium, ester a yield of con- 
densation product amounting to more than a few units per cent. of 
the theoretical, even by using a large excess of the reagent, the 
production of 78 per cent. by the method just described undoubtedly 
constitutes one of the best examples yet recorded of the phenomenon 
of the nascent state amongst organic compounds. The competing 
reactions may be represented thus : 


isomerisation /CH-CO,Et (normal 
CH,"CO,Et "eg CH, ethyl gluta- 
| ar 22 per cent. ae sonate). 
CH + CHNa/EN | ) \CH-CO,Et oa 
aS \ CO,Et . 
= 1:2-addition CH,°CO,Et condensation 


ated ethyl “ —> CH-CH CN)-CO,Et product). 
glutaconate.) per cent. CH,°CO,Et 


This condensation product is not the only one obtained. The 
normal ethyl glutaconate formed enters partly into condensation 
with ethyl sodiocyanoacetate to form a 1 : 3-additive product ™ 
accordance with the properties of normal esters as revealed by 
the study of normal §-methylglutaconic ester (Part XI, loc. cit) 
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In the present instance, however, the reaction does not stop at 
this stage. The 1 : 3-additive compound originally produced is a 
derivative of a-cyanoadipic acid. Cyano-compounds containing 
anegative group in the 4-position with respect to the cyano-group 
radily pass by internal condensation into imino-derivatives con- 
taining a five-membered carbon ring, ethyl «é-dicyanovalerate, 
fr example, yielding ethyl 1-imino-2-cyanocyclopentane-5-carb- 
wsylate, which on hydrolysis by acids gives 2-cyanocyclopentan- 
jone, and ultimately cyclopentanone (Best and Thorpe, T., 1909, 
%, 685). 

The 1:3-additive product undergoes a similar internal con- 
iensation except that in this case a carbethoxyl group is eliminated 
compare the formation of «-hydrindone derivatives by the imino- 
endensation; Mitchell and Thorpe, T., 1910, 97, 2261). The 
imino-compound, ethyl 4-iminocyclopentane-1 : 3-dicarboxylate, is 
not obtained as such owing to the use of mineral acid during the 
eparation. This hydrolyses the imino-group, and ethyl cyclopentan- 
|.one-2 : 4-dicarboxylate is the substance actually isolated : 


(H-CO,Et CH,°CO,Et 


! ; CH,CH(CO,Et 
cH, CHNa(CN)-co,Et CH EN, ree 


. _ 
(H-00,Et mn ae CH(CO,Et):CH, 7 


CH(CO,Et)CN 
Normal 1: 3-Additive product Imino-compound 
ethyl (not isolated) 
glutaconate « 


ota Am, hot CH, 


CH, 
> > | Sco 
acids CH(CO,Et)-CH,“ acids CH(CO,H)-CH,% 
Ethyl cyclopentanone-2: 4-dicarboxylate cyclopentanone-3-carboxylic 
(isolated). acid (isolated). 

The constitution of ethyl cyclopentanone-2 : 4 - dicarboxylate, 
except for an ambiguity * of minor importance, is proved by the fact 
that on hydrolysis it eliminates one carboxyl group and passes into 
yelopentanone-3-carboxylic acid, which has been prepared and 
characterised by Kay and Perkin (T., 1906, 89, 1646). 

As is almost invariably the case with reactions involving ethyl 
tyanoacetate, the quantitative separation of the products is com- 
plicated by the formation of a considerable proportion of acid-esters. 
The method of separation employed in the present instance is 
lescribed in the experimental portion of this paper, and the results 
ofa typical experiment are quoted in the table given below. In 

* This arises from the fact that either of the two carbethoxyl groups could 
have been eliminated during the internal condensation. In each case, 
‘ereoisomeric products are possible. Any of these would respond to the 
ferric chloride test, and give cyclopentanone-3-carboxylic acid on hydrolysis. 
However, the uncertainty as to the exact constitution and configuration of 
the substance isolated does not affect the main points dealt with in this paper. 
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this table the quantities of the various products are calculated as 
their equivalent weights (per cent.) of glutaconic ester. 

An inspection of the table will show the experimental basis fo 
the statement made on p. 496 that the nascent unsaturated ester js 
isomerised into the normal modification to the extent of 22 per 
cent, whilst condensation with the additive reagent occurs to the 
extent of 78 per cent. These figures are probably subject to slight 
corrections, as about one-half of the unidentified material was 
actually recovered, and was found to consist for the most part of 
substances which decomposed on distillation. 

Another interesting ratio is that expressing the relative quantities 
of the products of 1:2- and 1: 3-addition. These occur in the 
proportion of 78 to 9, or, approximately, 9 to 1. The simultaneous 
formation of such substances by the methods described in this 
paper appears to us a most convincing confirmation of the essentially 
tautomeric relationship subsisting between the normal and the 
unsaturated or labile modifications of the glutaconic acids, and of 
the semi-aromatic structures of the normal isomerides. 


TABLE. Per cent. 


(of total 


(A) Total Material. material) 
Not recovered 1 4 
Recovered but not identified f : 
Recovered, separated, and identified as pure products ......... 91 


Total 100 


identified 
(B) Identified Material. material) 
Unchanged ethyl 8-hydroxyglutarate 9 
Products from nascent ethyl glutaconate 


Per cent (of products 
(C) Products from Nascent Glutaconic from glutaconic 
Ester. ester) 
(a) Normal ethyl glutaconate 13 
(6) Products of 1 : 3-addition : 
(i) Neutral ketonic ester 
(ii) Acid ketonic ester ... 


(c) Products of 1 : 2-addition : 
(i) Neutral cyano-ester 
(ii) Acid cyano-ester ... 
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EXPERIMENTAL. 


The condensation of ethyl 8-hydroxyglutarate with ethyl sodio- 
eyanoacetate was effected by the general method given previously 
(Ingold, this vol., p. 336). 

The alcoholic suspension of sodium compounds, which had 
remained practically colourless throughout the course of the con- 
densation, was mixed with water, and the esters were extracted with 
ether. 

Ethyl Glutaconate. 

The residue from the ether was distilled under reduced pressure, 
and the fraction containing the dicarboxylic esters refractionated 
several times. In this way, ethyl glutaconate, b. p. 118—125°/ 
13 mm., was obtained in considerable quantity (Found: C = 57°65; 
H=75. Cale., C = 58:1; H=7°5 per cent.); on hydrolysis, it 
gave glutaconic acid, which was identified with a known specimen 
(Found: C = 460; H=4°6. Calc., C = 46:1; H = 4°6 per cent.). 


Ethyl 8-Hydroxyglutarate. 


The bulk of the remainder of the dicarboxylic ester fraction, 
b. p. 145—150°/13 mm., evidently consisted of unchanged ethyl 
s-hydroxyglutarate. It was identified by analysis (Found: 


(C= 534; H=7'8; Cale., C= 53:0; H = 7°9 per cent.) and by 
its behaviour with phosphorus pentachloride. 


Ethyl w-Cyanomethanetriacetate. 


The less volatile fraction of the esters distilled almost entirely at 
203—204°/13 mm., although a small amount suffered decomposition 
during the distillation. This fraction contained nitrogen, and 
obviously consisted of the above cyano-ester (Found : C = 56:2; 
H=70. Cale., C= 562; H=7-0 per cent.), since it gave 
methanetriacetic acid (m. p. 115°; Found: C =441; H = 5-4. 
Cale., C = 44:2; H = 53 per cent.) on hydrolysis. (Ingold., loc. 
cit., and this vol., p. 352). 


Ethyl cycloPentanone-2 : 4-dicarboxylate. 


The alkaline liquid containing the remaining condensation 
products was acidified, extracted with ether, and the extract washed 
with a solution of sodium carbonate. The residue obtained on 
evaporating the ether was dissolved in a solution of sodium hydr- 
oxide, treated with carbon dioxide, and the precipitated ester solidi- 
fied by shaking, collected, and crystallised from ethyl alcohol. It 
separated in long needles melting at 78—79° (Found: C = 58:3; 
H=69. (C,,H,,0; requires C = 57:9; H = 7-0 per cent.). 
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The ester is extremely soluble in most organic solvents, but js 
only moderately soluble in methyl and ethyl alcohols at 0°. In 
aqueous alcohol it develops an intense blue colour when treated with 
ferric chloride. Its behaviour on hydrolysis is described on p. 501. 

The semicarbazone slowly separated when an alcoholic solution 
of the ketonic ester was allowed to react with an aqueous solution 
of semicarbazide acetate. It crystallised from ethyl alcohol in 
long needles which melted at 160° (Found: C = 51:0; H = 6%. 
Ci2H,,0;N, requires C = 50°5; H = 6°7 per cent.). 


Ethyl 8-Cyanomethylglutarate, CN-CH,°CH(CH,°CO,Et),. 


The sodium carbonate washings obtained in the preparation of 
the ketonic ester were acidified with hydrochloric acid and shaken 
with ether. The extracted material was distilled under reduced 
pressure, and the distillate, after having been washed with a solution 
of sodium carbonate, purified by redistillation. The cyano-ester 
so prepared boiled at 158—160°/15 mm. (Found: C = 58-4; 
H = 7:3. ©,,H,,O,N requires C= 58:1; H=75 per cent.) 
and on hydrolysis yielded methanetriacetic acid. 


Ethyl cycloPentanone-3-carboxylate. 


A portion of that material which on distillation yielded cyano. 
methylglutaric ester was dissolved in an equal volume of cold, 
concentrated sulphuric acid; the mixture was poured after a few 
hours into ten volumes of water and boiled for seven hours. The 
acids were then extracted with ether, and re-esterified by treating 
at 100° for half an hour with ethyl alcohol (2 parts by weight) 
and concentrated sulphuric acid (1 part). The esterification was 
only partial, and the greater part of the material was recovered 
as acid esters. However, the neutral esters were isolated separately, 
and distilled under reduced pressure, when a small fraction was 
obtained, b. p. about 120°/14 mm., which apparently consisted of 
the ethyl ester of cyclopentanonecarboxylic acid (Found : C = 61°; 
H=7°9. C,H,,0, requires C = 616; H =7'7 per cent.), as it 
gave this acid on hydrolysis. 


Ethyl Methanetriacetate. 


' By far the largest quantity of the distillate had boiled at 160— 
175°/14 mm. 

Further, the acid products of the esterification, when re-esterified 
by the ethyl alcohol-zinc chloride—benzene process, yielded 4 
neutral ester having the same boiling point. A preliminary ex- 
amination having indicated that the two esters were identical, they 
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but is fvere combined and twice redistilled. The pure ethyl methane- 
°. In riacetate, thus obtained, boiled at 172—173°/14 mm. (Found: 
d with ((=56S; H=80. C,,H,.O, requires C = 569; H = 80 per 
». 501, fent.), and, on hydrolysis with hydrochloric acid, produced the 
lution Ferresponding acid. 

lution Methanetriacetic Acid. 


ol in J 4 mixture of the ester (1 vol.) and concentrated hydrochloric 
= 6. Bid (10 vols.) was heated for seven hours to expel ethyl alcohol, 
the product was concentrated on the steam-bath, and the residual 
yrupy acid dissolved in ether. The material obtained from the 
ethereal solution melted at 113°5—114°5° and consisted of methane- 
triacetic acid in an almost pure condition (Found: C = 443; 
H=53. Cale., C = 44:2; H = 53 per cent.). It was identified 
by direct comparison, and by means of its dianilic acid, m. p. 192° 
lution § (Ingold, loc. cit.). 

-ester | The same acid was obtained when ethyl $-cyanomethylglutarate 
58-4; Emixed with cold, concentrated sulphuric acid (1 vol.) was poured, 
cent.) Jafter keeping for twelve hours, into water (4 vols.), the liquid 
boiled for four hours under a short condenser, and the acid 
product extracted with ether. It was crystallised from dry ether, 
and identified by the method of mixed melting point, and by 
conversion into its dianilic acid (loc. cit.). 


ion of 
haken 
duced 


cycloPentanone-3-carboxylic Acid. 


The | This acid was obtained when either its own ester or that of 
ating § cylopentanone-2 : 4-dicarboxylic acid was boiled with sulphuric 
ight) J acid (8 per cent.; 10 parts by weight) for three hours, and the 

was J organic acid extracted with ether. Owing to the small amount of 
ered § material at our disposal we were unable to purify the acid by Kay 
tely, J and Perkin’s method (loc. cit.). The composition of the acid was 
was § therefore controlled by an analysis of the silver salt (Found: 
dof #C=309; H=30; Ag= 463. C,H,O,Ag requires C = 306; 
19; FH=30; Ag = 46-0 per cent.), and its identity determined by 
as it § means of its oxime, m. p. 140—141° (Found: C = 50°7; H = 66. 

Cale, C = 50°4; H +63 per cent.), and semicarbazone, m. p. 
19° (Found: C= 456; H=59. Cale, C=454; H=59 
per cent.), these being the temperatures recorded by Kay and Perkin. 


50— F Our thanks are due to Mr. L. Nickolls, who very kindly prepared 
Ged the ethyl 6-hydroxyglutarate used in this research. 
da IMPERIAL COLLEGE OF SCIENCE AND TECHNOLOGY, 


SoutH KENSINGTON. [Received, February 17th, 1921.] 
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TxeE Council has ordered the following report and list of Physico. 
chemical Symbols to be printed in the Journal. 


International Physico-chemical Symbols. 


(AUTHORISED FOR PUBLICATION BY THE COUNCIL OF THE 
CuEmIcaL Socrery.) 


At the meeting of the Council of the International Association of 
Chemical Societies, held in Brussels in September, 1913, it was 
decided that the International Commission for the Unification of 
Physico-Chemical Symbols “ shall appoint a small ‘ Working Com- 
mittee ’ of five members, not necessarily members of the Council, 
to receive and consider the reports of the National Committees, 
and further to suggest methods for the organisation and carry- 
ing out of future work.” In accordance with this decision, the 
President of the International Commission (the late Sir William 
Ramsay) nominated the following gentlemen to serve on the Work- 
ing Committee, namely, Sir William Ramsay (Chairman), Dr. 
Friedrich Auerbach, Professor P. A. Guye, Professor P. J. 
Walden, and Professor Alex. Findlay (Secretary), and_ these 
nominations were approved by the Commission. 

In accordance with the decision of the International Com- 
mission, approved by the Council (Report, 1913, p. 27), the list 
of symbols recommended by the Commission was sent to the 
different societies affiliated with the International Association of 
Chemical Societies, as well as to the Ausschuss fiir Einheiten und 
Formelgréssen and the International Electrotechnical Commission, 
and the request was made that these societies or bodies should 
intimate to the Secretary any critieisms or suggestions which they 
might have to make regarding the symbols recommended. 

The criticisms and suggestions received were considered at a 
meeting of the Working Committee held in Paris on May 29th 
and 30th, 1914. At this meeting, Dr. Charles Marie was also 
present by invitation of the Chairman. 

At the outset, the following general principles were adopted : 

1. The decisions of the Committee shall be restricted to symbols 
for quantities of chemical or physico-chemical importance. 

2. In respect of symbols for quantities used, more especially in 
mathematics, physics, and the various branches of applied mathe- 
matics and physics, the Committee shall restrict itself to noting 
the symbols which have been recommended or adopted by the 
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gientific bodies specially interested in these quantities. With 
regard to the latter, it was resolved to include in the list of symbols 
only those about which there is general agreement among the 
specially competent bodies. 

3. The decisions of the Committee shall be restricted to symbols 
for quantities, and shall not extend to signs for the names of 
units. 

4. The Committee considers it to be inadvisable that any 
attempt should be made to compel authors to use the symbols 
which the Committee recommends. Every means, however, should 
be taken to encourage the use of these symbols, which would be 


revised at such times and in such ways as might appear to the 
Commission to be advisable. 

5. With regard to the symbols for quantities which are employed 
in different branches of pure or applied science, the Committee 
considers that it is not possible in every case to obtain agree- 
ment between the different sciences. It is of opinion, therefore, 
that the symbols suggested should be such as might find general 
acceptance by chemists and physico-chemists. 

6. The Committee recommends that in every case authors should 
express their results in C.G.S. units. 

On the basis of these general principles, the Committee drew up, 
for the approval of the International Commission, the list of 
symbols given below. This list of symbols was circulated among 
the members of the Working Committee, and was returned to me 
approved and initialled by Sir William Ramsay, Dr. Auerbach, 
Professors Guye and Walden, and Dr. Marie. It was the inten- 
tion, after taking account of any remarks made by the members 
of the Committee, to circulate the final list for signature by the 
members of the Committee, but the outbreak of war prevented 
this from being done. These remarks have, however, been taken 
zecount of in the list given below, which may be taken as being 
practically identical with that initialled by the individual members 
of the Committee. 

In accordance with a recommendation of the Working Com- 
mittee, it has been thought well to append to the list of symbols 
the reasons for the choice of symbol made by the Committee in 
certain debated cases. 

ALEX. FINDLAY, 
Secretary to the Working Committee. 
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List of Symbols Recommended by the Working Committee of th 
International Commission for the Unification of Physico-chemical 
Symbols (1914). 


1. Mathematical Symbols. 


Usual Alternative 
symbol. symbol. 

Base of natural ibe a , 

Diameter Adeieenadakadiainanadansnoldesins 

Radius 

Ratio of circumference to diameter 

Summation.. 

Variation ine 

Total differential - 

Partial differential 


2. Universal Constants. 


Acceleration due to gravity.. 

Mechanical equivalent of heat , 

Avogadro’s constant [number of molecules 
in 1 gram-molecule (mole) ] .. 

Gas constant per mole . labia whic 

Faraday’s constant (number of coulombs 
per gram-equivalent of an ion) 

Charge on an electron ............csccecceeceeees 


3. General Physics and Chemistry. 


Length podee senesecsesns 

BRON oes sss cnccccces ences 

Mass 

Time 

Volume isaneunes 

Density (mass per t unit it volume)» <enie 

Pressure ........ eidtnewnieravens 

Concentration 

IIE ctv axd:tnceoesedbchseckbiainstedeseednon 

Critical constants : pressure, volume, tem- 
perature (centigrade), a 
(absolute), density ns 

Reduced quantities : pressure, “volume, 
temperature, density sereceesceccsecce 

van der Waals’s constants ..... 

Fluidity ...... “7 

Viscosity waeneaces 

Surface tension .... eenees 

Diffusion coefficient .. 

Atomic weight .......... 

Molecular weight ..........0ssesccccseces 

Velocity coefficient of reaction ...... 

Equilibrium constant = 

van’t Hoff coefficient ‘ 

Degree of dissociation (electrolytic, ‘thermal, 
ete.) So eseius cheweneenesestaonsesneeses 


Wave 
Refra 
Speci 
] 
Speci 


Moiec 


Angle 
Speci 
Molec 
Speci 
Molec 


Quan 
Curre 
tesis 
Elect 
Elect 


c 
Elect 
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4. Heat and Thermodynamics. 


Temperature (centigrade) 

Temperature (absolute) 

Critical temperature * 

Reduced temperature ..............06+ 

Critical solution temperature ...... 

Quantity of heat ......... see see eee ees 

Entropy .-. saisaneeuteeenan 

Specific heat . cabin tinea ankle 
Specific heat at constant pressure sovsneeeeues 
Specific heat at constant volume 

Ratio of specific heats, Cp 2 Cy ........eeeeeee eee 
Molecular heat ....... pinion 
Molecular heat at constant pressure 
Molecular heat at constant volume 

Latent heat per gram ... aaa 

Latent heat per mole ...... 

Maximum work (diminution ‘of free energy) 


5. Optics. 


Wave-length of light 

Refractive index ... 

Specific refractive power (Gladstone ‘and 
Dale) .... 

Specific refractive pow er (Lorentz: ‘and 
Lorenz) . Asiehdacets cnemiecenennatebaeeil 

Molecular refractive POWEY .........seeseeeee eee 


Angle of optical rotation ...............++. 
Specific rotatory power 

Molecular rotatory power 

Specific magnetic rotation 

Molecular magnetic rotation 


Alternative 
symbol. 
6 


nu 


TGs (rely 


rz, [rz], 
Re, R, 


L [Reh [Rzh 
a 
[a] 
M{a] 
[w] 
M{w] 


6. Electricity and Magnetism. 


Quantity of electricity ...... 

Current intensity ......... 

tesistance ....... per 

Electromotive force enansene 

Electrode potential, or discharge potential 
of an ion : 

Electrode potential ‘referred to the ‘normal 
hydrogen or normal calomel electrode 
respectively, the potential of which is 
OIE I SD occ sek sve cnsnce qiekes necuaecanes 

Normal potential, i.e., the electrode poten- 
tial referred to the normal hydrogen or 
normal calomel electrode respectively, 
when the solution is molecular-normal 
in respect of all participating sub- 
stances and ions of variable concentra- 
WIN cennssctanibic enn benads coteusveksseebenervenien 

Dielectric constant ..... 

Conductivity (specific conductance) . 

Equivalent conductivity .. 

Equivalent conductivity at “different “dilu- 
tions—volumes in litres containing 
1 gram-equivalent coeceecees 


Y 
I 


R 
E 


Ajo» Avy Aco 
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6. Electricity and Magnetism—(continued). 


Usual | Alternative 
symbol. symbol, 


Equivalent conductivity of kation and 


CE MEER nccccccceccccee cos corccccce sce soosseces Ary Aa 
Equivalent conductivity of specified ions... Ax: Acy 
Molecular conductivity — ........sscceeeseeseeees 
Velocity of kation and of anion in em./ sec. 

when the potential gradient is 1 volt 
Transport number of kation and of anion ... 
Magnetic permeability .............2.seeseeeeees 
Magnetic susceptibility - 


List of Symbols, Arranged Alphabetically. 


Name of quantity. 


Atomic weight; maximum work. 

Van der Waals’s constant. 

Van der Waals’s constant. 

Concentration ; molecular heat. 

Concentration ; specific heat. 

Molecular heat at constant pressure, and at constant 
volume. 

Specific heat at constant pressure, and at constant volume. 

Alternative symbol for density. 

Diameter; total differential; density. 

Critical density. 

Reduced density. 

Electromotive force ; electrode potential. 

Base of Napierian logarithms; charge on an electron. 

Electrode potential referred to the normal hydrogen or the 
normal calomel electrode, respectively, the potential 
of which is taken as zero. 

Normal potential, that is, the electrode potential referred to 
the normal hydrogen or the normal calomel electrode 
respectively, when the solution is molecular-normal in 
respect of all participating substances and ions of 
variable concentration. ; 

Faraday’s constant (number of coulombs per gram-equiv- 
alent of an ion). 

Acceleration due to gravity. 

Height. 

Current. ; 

Van’t Hoff’s coefficient. 

Mechanical equivalent of heat. 

Equilibrium constant. 

Equilibrium constant, when molar concentrations and 
partial pressures respectively are employed. 

Velocity coefficient of reaction. 

Latent heat per mole. 

Length; latent heat per gram. 

Molecular weight. 

Molecular rotatory power. 

ae magnetic rotatory power. 

ass. 

Avogadro’s constant (Loschmidt’s number) or number of 
molecules in 1 gram-molecule. 

Refractive index. 
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List of Symbols, Arranged Alphabetically—(continued). 


Symbol. 


Np, Na 


A 
Ayo, Ay, Ax 


Ak, Ma 


| Name of quantity. 


| Transport number of kation and of anion. 
| Refractive index (alternative symbol). 
| Pressure. 
Pressure. 
Critical pressure : reduced pressure. 
Quantity of heat; quantity of electricity. 
Gas constant per mole; electrical resistance. 
Molecular refractive power, according to Gladstone and 
Dale, and to Lorentz and Lorenz respectively. 
Radius. 
Specific refractive power according to Gladstone and Dale, 
and to Lorentz and Lorenz respectively. 
Entropy. 
Absolute temperature. 
Critical temperature (on the absolute scale). 
Reduced temperature (absolute). 
Critical solution temperature (absolute). 
Time; temperature (centigrade). 
Critical temperature (centigrade). 
Critical solution temperature (centigrade). 
Reduced temperature (centigrade). 
Velocity of kation and of anion in cm./sec. when the poten- 
tial gradient is 1 volt per cm. 
Volume. 
Volume. 
Critical volume : reduced volume. 
| Electrical resistance (alternative symbol). 
| Mole fraction. 
Degree of dissociation (electrolytic, thermal, etc.); angle 
of optical rotation. 
Specific rotatory power. 
| Surface tension ; ratio of specific heats. 
Diffusion coefficient. 
Variation. 
| Partial differential. 
| Electrode potential (alternative symbol); dielectric con- 
stant. 
| Electrode potential referred to the normal hydrogen or the 
normal calomel electrode respectively, the potential of 
which is taken as zero (alternative symbols). 


| Normal potential, that is, the electrode potential referred to 


the normal hydrogen or the normal calomel electrode 
respectively, when the sdlution is molecular-normal in 
respect of all participating substances and ions of 
variable concentration (alternative symbols). 


| Viscosity. 


| Temperature (centigrade), (alternative symbol). 

Specific conductance (conductivity); magnetic suscepti- 
bility. 

Equivalent conductivity. } 

Equivalent conductivity at different dilutions (volumes in 
litres containing 1 gram-equivalent). 


Equivalent conductivity of kation and of anion. 
Wave-length of light. 

Molecular conductivity ; magnetic permeability. 
Ratio of circumference to diameter. 

Summation. 

Surface tension (alternative symbol). 


| Fluidity. 


Specific magnetic rotation. 
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Remarks on the Symbols Recommended by the Working 
Committee. 


Density.—The symbol p was suggested by the Electrotechnical... 


Committee of Norway. The symbol d, with the alternatiy 
symbol D to be used, for example, in the differential dD / dt, was 
adopted, as it is the initial letter of the name of the quantity 
in the different European languages, and is also most generally 
employed by chemists. 

Volume.—The Committee adopted v, V as symbols for volume 
generally. The symbols v,, v,,, etc., recommended provisionally by 
the International Commission in 1913 were omitted. In these and 
in other similar cases, the Committee considered that it was unwise 
to attempt to prescribe a definite symbol for every variation of 
the fundamental quantity. It was decided, therefore, to retain 
only the general symbol. 

Pressure.—For reasons similar to those stated under “ Volume,” 
the Committee decided not to retain the symbol P for osmotic 
pressure. 

Concentration.—_A number of suggestions were received for 
symbols for concentration expressed in different units. The Con- 
mittee, however, considered that it was not advisable at present 
to adopt special symbols for such quantities. The symbols c, ( 
for concentration in general were therefore adopted, the author 
being left free to specify the units employed by him. 

Critical Quantities—The use of the Latin letters, recommended 
by the International Commission in 1913, was confirmed by 
the Committee. They were chosen in place of Greek letters, in 
accordance with a general principle adopted by the Commission 
that Greek characters should be used as sparingly as possible. 

Viscosity—The symbol » was recommended by the Inter- 
national Commission in 1913 as being in accordance with the 
usage among physicists. No objections to this symbol had been 
received, and the Committee confirmed its adoption. 

Surface Tension.—The International Commission recommended 
the symbol y as chief symbol for surface tension on account of its 
employment in the classical researches dealing with this subject. 
No objections to this symbol had been received, and the Com- 
mittee proposed that it should be retained, along with the 
alternative symbol co. 

Diffusion Coefficient—The symbol A was suggested by the 
Spanish Chemical Society; the symbol K by the Danish Chemical 
Society; the symbol k by the American Chemical Society; and 
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D by the French Chemical Society. The Committee decided to 
reoommend the symbol A, which is but little used for other quanti- 


tng 
ties (for example, depression of the freezing point), whereas D, 
_ ik, and & are used for the important quantities, density, equil- 
-chnica ibrium constant, and velocity coefficient of reaction. 


Equilibrium Constant.—The symbol K, universally employed, 
‘Bias retained by the Committee. The Committee adopted the 
Yl uggestion, made by the Danish Chemical Society, that, where 
necessary or desirable, the symbols K, and K, be employed for 
the equilibrium constant when molar concentrations and partial 


volume pressures respectively are employed. 

ally by Degree of Dissociation.—The International Commission in 1913 
se and recommended the symbol a for the degree of electrolytic dissocia- 
unwise 


tion in preference to the symbol y, as the latter is employed for 
surface tension and for the ratio of specific heats. The Com- 
nittee agreed with this, and recommended that a be adopted 
gnerally for degree of dissociation (electrolytic, thermal, etc.). 

Entropy.—For this quantity, the International Commission 
recommended the symbol &, on the grounds that this symbol was 
wed by Willard Gibbs, and also because S had been adopted for 
molecular heat. Objections, however, had been made to the use 
of © by the Bunsen Gesellschaft and by the Russian Physical 
Society, and the symbol y had been suggested by the American 
Chemical Society. 

The Committee, after careful consideration, formed the opinion 
that although it is of importance to preserve, as far as possible, 
any symbol used in the classics of a science, reasons may exist 
for abandoning the classical symbol. In the present case, the 
symbol S appears to be most largely employed by writers on 
thermodynamics, and has been adopted by the International 
Electrotechnical Commission. For this reason, the Committec 
adopted the symbol S, which also has the advantage that it is a 
latin and not a Greek character. The use of » as the symbol 
for viscosity is a further argument against the adoption of that 
letter as the symbol for entropy. The objection of the Inter- 
national Commission that S was used for molecular heat no longer 
exists, according to the recommendations of the Working Com- 
mittee. 

Specific and Molecular Heat.—On the representations of the 
Bunsen Gesellschaft and of the Société de chimie physique, the 
Committee decided to recommend the adoption of the classical 
symbols ¢ and C for specific and molecular heat in place of the 
symbols s and S, which were recommended by the International 
Commission in 1913. The former symbols are those most fre- 
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quently employed, and have been adopted also by the Ausschug 
fir Einheiten und Formelgréssen. 

Ratio of Specific Heats —The International Commission in 19]3 
recommended the symbol y in preference to « as being in groy. 
ing use among physicists. The Working Committee confirmed this 
recommendation. 

Latent Heat.—The International Commission in 1913 recon. 
mended the generally employed symbols / and L for latent heat 
per gram and per mole (gram-molecule) respectively, the small 
and the capital letter being employed in accordance with general 
principles. The Danish Chemical Society suggested the symbol q 
for (reversible) latent heat, and considered that it is not necessary 
to have different symbols for latent heat per gram and per mole. 
That Society also raised objection to the use of the letters /, L 
on the ground that they are, or may be, employed as symbols for 
solubility. The Working Committee, however, confirmed the 
recommendation of the International Commission for the follow- 
ing reasons: The letter / is the initial letter of the distinctive 
part of the name of the quantity in the different European 
languages, and, further, the symbols for latent heat and solubility 
would occur very seldom in the same formula. 

Maximum Work, or Diminution of the Free Energy of a 
System.—The International Commission in 1913 recommended the 
symbol W for “ work.” Whereas the Danish Chemical Society 
suggested that W may be used as a symbol for “ work generally,” 
objections have been raised to the use of W in the sense of 
“maximum work,” or diminution of the free energy. Since it is 
the latter quantity that is of importance in physical chemistry, 
the Committee was of opinion that no symbol need be recommended 
for “ work generally,” and that the symbol A should be adopted 
for “maximum work.” This symbol has been adopted by the 
Ausschuss fiir Einheiten und Formelgréssen and by the Inter- 
national Electrotechnical Commission, and is used in the majority 
of text-books and journals. The American Chemical Society 
recommended the symbol y (= « — ty), the symbolism employed 
by Willard Gibbs. The Committee regretted that it felt it to be 
advisable, on the principle of disturbing existing usage as little as 
possible, not to adopt the Greek letters employed by Gibbs. 

Refractive Index.—The symbol m (with m, as alternative) was 
recommended by the International Commission in 1913 as being 
most generally employed. The Committee confirmed this recom- 
mendation. For the specific refractive power, according to Glad- 
stone and Dale and to Lorentz and Lorenz respectively, the 
symbols r, and r,, or, if it is desired to indicate the temperature 
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and wave-length of light, the symbols [rg]; and [rz]; were adopted 
ss general symbols by the Committee. The use of A in this 
general symbol in place of D, given in the list of symbols recom- 
mended by the International Commission in 1913, seems prefer- 
able as being more general, and because A is the symbol for the 
yave-length of light. As a specific example, one might write 


itis more in harmony with general principles to adopt the symbol 
Ma] for molecular rotatory power, and to redefine this as 
Me] = ee x [a] _ (M]. 

Magnetic Rotation.—The Committee recommended the adoption 
of the symbol [w] for specific magnetic rotation, and M[o] for 
molecular magnetic rotatory power, which is defined in reference 
to that of water as unit. 

Resistance.—The Committee recommended the adoption of the 
symbol R, which has been adopted also by the International 
Electrotechnical Commission. On the suggestion of the Bunsen 
Gesellschaft, the Committee adopted the letter W as an alternative 
symbol for use when confusion with the gas constant may arise. 

Electrode Potential—The International Commission in 1913 
recommended the symbol ¢ for electrode potential. Objections 
have been raised to the adoption of this symbol on the grounds 
that in writing, the Latin e is frequently written like the Greek «, 
and also that the use of «, especially when the suffixes A and c, 
for example, «, ¢, are added, is more trying to read. As the 
electrode potential is really an electromotive force, the Working 
Committee was of opinion that HZ, the symbol for electromotive 
foree, may also be adopted as chief symbol for electrode potential, 
the symbol « being, however, retained as an alternative symbol. 

Dielectric Constant.—The Committee decided to adopt « 
nstead of x as the symbol for this quantity, as the former had 
been adopted by the Ausschuss fiir Einheiten und Formelgréssen 
and by the International Electrotechnical Commission. 

Equivalent Conductivity—The adoption of the symbol A was 
confirmed. It is defined as 

a 1000« 
~ concentration in gram-equivalents per litre” 


For the equivalent conductivity of the kation, the Committee 
considered that it is advisable to use the letter & as suffix in place 
of ¢ (that is, A, in place of A,), since the former letter represents 
«more correct transcription of the Greek, and is also largely used 
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at present. The Committee recommended that kation shoul 
always be spelt with a k. 
Molecular Conductivity—The Committee recommended _ the 


1000« 
Fae p (= concentration in moles per Kas) for the molecular 
conductivity. This quantity was not included in the lig 
drawn up by the International Commission in 1913. It should 
be noted that this symbol should not be confused with that used 
by W. Ostwald for the molecular conductivity measured jy 


reciprocal Siemens units. 


ALEX. FINDLAy, 
Secretary to the Working Committee, 
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ANNUAL GENERAL MEETING, 


Tuurspay, Marcu 171TH, 1921. 


Sir James J. Dopsre, D.Sc., LL.D., F.R.S., President, in the 
Chair. 

The adoption of the Report of Council, together with the Balance 
Sheet and Statement of Accounts for the year ending December 
31st, 1920, was proposed by Professor PyMan and seconded by 
Dr. J. A. VorLcKER. The Treasurer referred to the principal items 
in the Accounts and answered some questions raised by Fellows. 
The motion was then put to the meeting and carried. 


Report or Counciz, 1920-1921. 


A net increase of 168 Fellows over that for 1918 was reported 
last year, and the Council is gratified to record that, notwith- 
standing the greater number of resignations received this year, 
partly owing, no doubt, to the raising of the Annual Subscription 
for 1921, the Society continues to grow steadily in numbers. 

On December 31st, 1919, there were 3,569 Fellows. During 
1920, no less than 318 Fellows were elected and 21 reinstated, 
making a gross total of 3,908. The Society has lost 41 Fellows 
by death; 92 resignations have been received, as against 42 in 
1919; the names of 50 Fellows have been removed for non-payment 
of Annual Subscriptions, and the elections of 4 Fellows have been 
declared void. The total number of Fellows as at December 3lst, 
1920, therefore, was 3,721, showing a net increase of 152 Fellows 
over the number for the previous year. 

The congratulations of the Society are offered to Major Charles 
Edward Beadnell, who was elected on February 7th, 1861, and has 
now completed his sixtieth year as a Fellow, and to the following, 


who have attained their jubilee as Fellows : 

Elected. 
John Allen ar exe ate “és one .. May 5th, 1870. 
Dec. Ist, 1870. 
Dec. Ist, 1870. 


Henry Edward Armstrong 
Sir James Dewar : = oe aa m: abi 
Richard Jackson Moss... ee ee ‘ahs eis ... dan. 19th, 1871. 


Horace Tabberer Brown Jan. 19th, 1871. 


John Robert Tustin ... us oe ae os ... Feb. 2nd, 1871. 
William Gowland a — nae ee aie ... Feb. 2nd, 1871. 
Douglas Hermann... am ae ca oe ... Feb. 16th, 1871. 
Matthew Moncrieff Pattison Muir... oan aie ... Feb. 16th, 1871. 
Sir Edward Thorpe... ree ve. sles i ... Feb. 16th, 1871. 
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The volume of Transactions for 1920 contains 1,648 pages, ¢ 
which 1,486 pages &’re occupied by 182 memoirs, the remaining 
162 pages being devoted to Obituary Notices, lectures on speci 
subjects, the Report of the Annual General Meeting, the Preg. 
dential Address, and the Report of the International Committed 
on Atomic Weights. The volume of the preceding year containej 
139 memoirs, occupying 1,392 pages. The Journal for 1920 con. 
tains also 4,074 abstracts, occupying 1,708 pages, whilst the 
abstracts for 1919 numbered 2,534, and occupied 1,148 pages, 
There has been during 1920 a very considerable increase in number 
of the memoirs published in journals devoted to chemistry and 
allied subjects, although the number is still far below that of any 
of the years immediately preceding the war. 

The abstracts may be classified as follows : 


Part I. 
No. of 
Abstracts. 


Organic Chemistry ace = _ — oo 1362 
Physiological Chemistry on ed 209 
Chemistry of Vegetable Physiology ont Aguiculinee 330 

1901 

Part II. 

General and Physical nach oe oes iets 1027 
Inorganic Chemistry... wa — ove gin 384 
Mineralogical Chemistry ove eee ove a 95 
Analytical Chemistry... ‘as ae én oe 667 


2173 
Totals in Parts I and II. ... me as ha 4074 


It is with profound regret that the Council has to report the 
sudden death, on January 3lst, of Dr. Cain, who has acted as 
Editor of the Journal for a period of nearly fifteen years. 
Throughout his tenure of office he carried out his laborious duties 
with singular ability and devotion to the best interests of the 
Society, and the Council has to record its sense of the great loss 
the Society has sustained in his death. 

For reasons of economy, it was decided to suspend for a time 
the publication of the monthly authors’ index in the Journal, but 
this has now been resumed in a slightly modified form as from 
the January number of the Journal. 

Since the last Annual General Meeting, the Society has had to 
mourn the loss of Professor Armand E. J. Gautier, one of its 
distinguished Honorary Fellows; whilst eight new Honorary 
Fellows have been elected, viz.: Wilder Dwight Bancroft, Victor 
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Grignard, Heike Kamerlingh Onnes, Emanuele Paterno, Paul 
Sabatier, Jean Baptiste Senderens, Séren Peter Lauritz Sérensen, 


- ad Georges Urbain. 


As stated in the last Report of Council, the petition to the 


‘tteo Privy Council for a Supplemental Charter was graciously granted 


by His Majesty. The necessary powers having thus been obtained, 


» the draft Bye-Laws, on which the Council had been engaged for 


—_—i & 


—_ © wri N wa ee Se 


gme considerable time, were submitted to an Extraordinary 
General Meeting on April 29th. With certain minor alterations, 
these Bye-Laws were approved by the Fellows, and came into force 
om June Ist, 1920. The main changes which have been effected 


‘Bae the admission of women to Fellowship and the alteration of 


the constitution of the Council to include a much larger representa- 
tion of provincial Fellows. Fellows generally have now increased 
facilities for nominating new Members of Council, and the election 
of the Council in the case of a contest is carried out by means of 
a postal vote of Fellows resident in the United Kingdom, instead 
of, as formerly, at the Annual General Meeting. 

In view of the fact that women have now become eligible for 
eection as Fellows, the Council decided to abolish the class of 
lady Subscribers as from December 31st, 1920. 

After anxious and careful consideration of the financial posi- 
tion of the Society, the Council reluctantly came to the decision 
that it was necessary to increase the amount of the Annual Sub- 
sription. An Extraordinary General Meeting was accordingly 
summoned for June 24th to consider the resolutions of the Council. 
The matter was finally settled at a subsequent meeting held on 
july 20th, when the following Resolutions of Council were 
adopted : 


(2) That the Entrance Fee be reduced from £4 to £3 as from December Ist, 
1920. 
() That the Annual Subscription to be paid by Fellows be increased from 
£2 to £3, beginning with the year 1921. 
(c) That the Life Composition Fee, as from June Ist, 1920, be £45, and 
for Fellows who have paid 10 Annual Subscriptions, £30 0 
5 - 22 10 
- 18 0 
- 15 0 


The Council is gratified to find that the special lectures, which 
‘te being given this year in the Hall of the Institution of 
Mechanical Engineers, continue to meet with the appreciation of 
fellows, and that the attendance at the Ordinary Scientific Meetings 
lus very considerably increased. 

On October 28th Dr. M. O. Forster delivered the Emil Fischer 
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Memorial Lecture—since issued in separate form—and this was 
followed on December 16th by a lecture entitled “ Some Properties 
of Explosives,” by Sir Robert Robertson. The next lecture is t) 
be given on April 7th by Dr. F. W. Aston, who has chosen 4s 
his subject “ Mass Spectra and Atomic Weights,” whilst the Hugo 
Miller Lecture, entitled “The Natural Photosynthetic Processes 
on Land and in Sea and Air, and their Relation to the Origin and 
Preservation of Life upon the Earth,” will be given by Prof. Benjamin 
Moore on June 16th. 

The Council desires to record its thanks to those Fellows who 
have contributed to Volume XVII. of the Annual Reports, and 
also to the Abstractors for their valuable services during the past 
year. 

A proposal has been received from the American Chemical 
Society suggesting co-operation in securing a wider circulation of 
the Annual Reports amongst members of that Society, and the 
Council has agreed that the Annual Reports for 1920 should be 
offered to Members of the American Chemical Society at 7s. per 
copy, post free. 

Permission has been granted to Dr. H. Kling to publish a French 
translation of the Annual Reports for 1919. 

In connexion with the Tables of Physico-Chemical Symbols, 
referred to in last year’s Report, the Council, after securing 
the approval of the Union Internationale de la Chimie Pure et 
Appliquée, has arranged for the publication of the Tables at a 
early date. 

In response to various representations, the Council summoned 
a Conference last July to consider a number of matters connected 
with laboratory construction and equipment. The questions mor 
especially considered were whether, in view of present costs, 
economies could be effected, and whether it were possible or desir- 
able to institute organised research aiming at the utilisation o 
cheaper, yet sufficiently resistant, materials. The Conference 
reported that, as a first step, fuller details as to present practice 
and experience were required, and the Council accordingly 
appointed a Committee, consisting of Dr. C. A. Keane, Prof. J. ¢. 
Philip, and Dr. Alexander Scott, to collect the desired inform- 
ation. A grant has been made from the Research Fund to cover 
the cost of the Committee’s work, and it is hoped that a report 
will shortly be prepared for submission to the Council and 
Conference. 

In consequence of a communication received from the Conjoitt 
Board of Scientific Societies regarding the position of scientilt 
men and institutions in Austria, the Council decided to presell 
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the current Journal to five of the prominent Universities and 
Technical High Schools in that country. The Journal has also 
been presented to the University at Zagreb. 

The question of approaching the Government with regard to a 
grant in aid of Scientific Societies was raised by the Conjoint Board 
of Scientific Societies. The Council informed the Board that 
whilst it would support such applications by other Societies which 
were in need of financial assistance, it did not propose at present 
to apply on behalf of the Chemical Society. The Board was 
uged to impress upon the Government the need for a reduction 
in the postal rates for scientific publications. 

As a result of the appeal made by the President for contribu- 
tions towards a fund to provide for the erection of a Gerhardt 
monument in Strasbourg, the sum of £213 12s. 6d. was received, 
and, in addition to this, several contributions from Fellows were 
sent direct. 

In response to a communication from the National Physical 
laboratory, a Committee, consisting of Prof. A. J. Allmand, Mr. 
J. L. Baker, Mr. F. H. Carr, and Dr. B. Dyer, was appointed to 
consider the testing of graduated glassware. The Committee 
reported that generally there is no ground for dissatisfaction with 
the existing regulations and tolerances as a recognised standard 
for apparatus of commercial quality, but recommended the use 
of the Mohr system instead of the present principle adopted for 
graduation. The report was accepted and communicated to the 
Director of the National Physical Laboratory. 

Reference was made in the last Report of Council to the posi- 
tion selected for the Harrison Memorial. It has been decided to 
set aside the whole of the alcove in the wall on the first landing 
for the memorial, with which will be combined an appropriate 
tablet bearing the names of the other Fellows of the Society who 
lied on service. The artist is now actively engaged on the work, 
and it is hoped that it may be possible to erect the memorial during 
the current year. 

The Federal Council has presented a memorandum on co-oper- 
ition between the Society of Chemical Industry and this Society 
in the publication of chemical literature. It is suggested that 
greater economy and efficiency could be obtained if the two 
Societies were amalgamated into a “ Chemical Federation” for 
purposes of publication. The important questions raised by the 
memorandum are now under consideration by a joint committee 
composed of the following: Sir William Pope, Mr. E. V. Evans, 
Dr. C. A. Keane, Dr. Mial!, as representing the Society of 
Chemical Industry, and Dr. M. O. Forster, Mr. A. J. Greenaway, 

VOL. CXIXx. T 
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Prof. J. C. Philip, and Prof. W. P. Wynne as representing the 
Chemical Society. 

Prof. H. E. Armstrong, Sir William Pope, and Prof. J. ¢ 
Philip were appointed as representatives of the Society on the 
Federal Council for Pure and Applied Chemistry for 1921, whils 
Dr. Alexander Scott and Prof. Samuel Smiles agreed to act a; 
delegates of the Society on the Conjoint Board of Scientific Societies 
for 1921. 

The Council has nominated Mr. F. H. Carr to represent the 
Society on the Sectional Committee on Chemical Engineering of the 
British Engineering Standards Association. 

In connexion with the supply of scientific glassware and fine 
chemicals, the Council has adopted the view that it is desirable 
to prohibit importation for a limited time except under licence, 
but that the granting of such licences should be under the contro 
of a Committee composed in such a way as to secure fully the 
interests of the users. The views of the Council on these matter 
have been made known to the Board of Trade, both by letter and 
by deputation. 

In November, 1917, a Committee was appointed to consider 
and report on the constitution of the International Atomic 
Weights Committee. Acting on the recommendation of this Con- 
mittee, the Council is supporting the proposal that the names of 
Profs. T. W. Richards, P. A. Guye, B. Brauner, and R. Nasini 
should be added to the present International Committee. The 
views of the Council will be submitted to the Inter-Allied Con- 
ference at Brussels in March, 1921. Sir Edward Thorpe has 
been appointed by the Chemical Society on the International 
Committee. 

The complete scheme for the extended use of the Library has 
now been in operation since May, 1919, and there is abundant 
evidence that the extra facilities for using the Library ar 
appreciated. During the additional hours in which the Library 
is now open, 1,550 attendances were recorded in 1920, as against 
1,198 in 1919. 

The cost incurred in 1920 in connexion with the scheme 
amounted to some £590, and towards this sum donations amount- 
ing to £411 5s. Od. have been received from the contributing Socie- 
ties. This shows a deficit of about £178, and it is considered 
that, owing to the increased use of the Library by our own Fellows, 
the sum of £110 as salary of the junior assistant, who was origit- 
ally employed on account of the increased hours involved in the 
scheme, should now be charged to the Society. It is estimated 
that the sum of £600 will be required to continue the scheme 
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during 1921, and communications have been addressed to the 
wntributing Societies asking for at least as hearty support as 
has been afforded in the past. 

The books borrowed from the Library during 1920 numbered 
3079, as compared with 2,867 in 1919. The additions to the 
library comprise 312 books, 439 volumes of periodicals, and 196 
pamphlets, and show increases over the previous year of 123, 184, 
and 110 respectively. 

As anticipated at the last Annual General Meeting, the accounts 
for the year 1920 show, for the first time since 1913, a deficit on 
the year’s working. This amounts to £1,310 6s. 7d., because the 
expenditure, having increased by £3,730 15s. 10d., has reached 
{15,046 14s. 2d., whilst the income is greater by £1,898 6s. Od. 
nly, and aggregates £13,736 7s. 7d. By comparison with the 
previous year, however, the position is even more unfavourable 
than that suggested by the above deficit, because that year showed 
a balance of income over expenditure amounting to £522 3s. 3d.; 
moreover, the life composition fees received in 1920 have amounted 
to £931 10s. Od. in excess of this item for 1919, and thus the 
ral deficit as compared with the working of that year is 
£2,763 19s. 10d. 

Besides the source already mentioned, increase of revenue arises 
fom annual subscriptions, £293 10s. Od., interest on investments, 
{99 13s. 10d., sale of publications, £353 6s. 8d., and donations 
to the Library, £271. The increase of £3,730 15s. 10d. 
in expenditure is £8 8s. ld. more than the corresponding increase 
chown by 1919 over 1918, and the aggregate of £15,046 14s. 2d. 
has sprung from £7,593 10s. 7d. since December 31st, 1918. Thus 
the expenditure of the Society has approximately doubled itself 
in two years. 

Once more the cost of publications is responsible for a large 
proportion of this increase, namely, £2,171 Os. 5d.; although this 
isdue principally to increased cost of printing the Journal, namely, 
1340 9s. 4d., the editorial salaries have been increased by 
265 and fees to abstractors by £356 12s: 5d., the rate of pay- 
ent being now twice that prevailing before the war. Library 
‘xpenses show an increase of £403 lls. 9d., and administration 
increase of £1,004 8s. 1ld., made up of staff salaries increased 
by £168 8s. 6d., war bonus (including editorial) by £176 15s. 7d., 
‘tationery by £139 2s. 9d., and postages by £75 9s. Od.; the 
lrgest contribution, however, is on account of the Supplemental 
Charter and new Bye-Laws, legal expenses amounting to 
261 5s. Od., whilst a portion of the miscellaneous printing, 
ineteased by £105 9s. 3d., is due to the same cause. 
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The Journal has continued to expand, the major increase during 
the past year being due to the abstracts : 


Number of Pages. 


Trans. Abstr. T otal. 
aa 2,068 4,97 
1915 ove oes ous 1,862 1,944 3,806 
1916 eee ese pan 1,368 1,532 2,900 
1917 oon oan oi 1,128 1,308 2,436 
1918 wes owe _ 995 1,032 2,027 
1919 ase eos ose 1,517 1,148 2,665 
 - ag 1,708 3,356 

The Council is gratified to note the response made by author 
to its appeal for economy; although the number of original papers 
increased from 139 to 182, the proportion of pages occupied was 
much smaller. The Council believes that more might be accom. 
plished in this direction without impairing the value of authors’ 
communications, and the need for such economy is even more 
urgent, because the cost of the Journal per page was £2 9s, 34. 
for 1920, as against £2 4s. 8d. for 1919 and 17s. 9d. for 1914. 
At various times during the past five years ten separate demands 
have been made for an increase in printing charges, which now 
represent 2} times those levied in 1915. 

Early in the year under review, expert advice was taken regard. 
ing the quality and cost of the paper used for the Journal, and an 
independent examination of the printing charges was made, but 
in neither case was there ground for believing that economy could 
be effected during the conditions now prevailing. Thus ther 
seemed no alternative to the step recommended by the Counc 
and adopted by the Society in July, namely, raising the subserip- 
tion from £2 to £3 as from January Ist, 1921. The price of the 
Journal to the public has been increased from £3 to £4. 

Owing to the debit balance, further investments have not been 
made, but a legacy of £1,000 having been received under the wil 
of the late Dr. Rudolph Messel, it has not been necessary to 
realise any securities to meet the deficit; meanwhile the market 
value of the Society's investments shows a further decline of 
£1,133 7s. 7d. 

The following grants have been made from the Research Fund 
during the year : 

Measurement of the effect of hydroxy-acids on the rate of 

hydrolysis of methyl acetate. F.L. Allen... ~~ 

New derivatives of the hexoses. C.F. Allpress ... — 10 

Esters and organic salts of cobalticyanic acid. F. Arnall 10 

(a) Anthracene derivatives, (b) Phthaloylacenaphthene, 

(ec) Action of nitric acid on thiocarbamides. E. de B. 
Barnett 
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Oximino-derivatives (continued). O. L. Brady eee 

The biochemistry of iodine (continued). A. 'T. Cameron ... 

Organo-derivatives of bismuth (continued). F. Challenger 

Bridged homocyclic rings in relation to their homocyclic 
unsaturated isomerides. J. P. C. Chandrasena 

The preparation of alkylene sulphonates and — 
chlorides. J.B. Cohen 

Morphological studies of benzene desivatives. R. T. “Colgate 

Derivatives of pyrone and benzopyrone. 8S. 8. Deshapande 

Anew method of halogenation. S. N. Dhar 

Action of diazo-salts on aromatic sulphonamides. P. K. 
Dutt des ae 

Reduction of aromatic wltue- eumpounte. P. K. Dutt 

Melting points of homologous series. W. E. Garner 

Constitution of acids and their salts (continued). J.C. Ghosh 

Attempt to synthesise curcumin. P. C. Ghosh 

Organo-metallic compounds of thallium and cadmium. 
A. E. Goddard ne “ 

Synthesis of hydroxy-o- hetonio wie. “G. Greenwood 

Influence of negative groups on the reactivity of the methyl- 
ene group. B, M. Gupta > 

Action of bromine on specimen (continued H. 
Henstock ? 

Studies in the hydeonsematic 4 series. oa E. ‘Hinkel 

Determination of vapour pressures of hydrated salts and of 
copper nitroxyl and other salts. D. B. Huntingford ... 

Formation and structure of unsaturated compounds, etc. 
C. K. Ingold eee 

Polyeyclic compounds in sletion » ‘hale hemeqpalls un- 
saturated isomerides. F. W. Jeavons ... 

Influence of nitro-groups on the reactivity of substituents i in 
the benzene nucleus (continued). J. Kenner . 

Reactions of diethyl acetonedicarboxylate. J. Kenner 

Compounds of phenolphthalein. 8S. Krishna 

Constitution of amygdalin. Miss G. C. Leitch 

The theory of colloids. J. W. McBain ne Pete 

Researches on diazophenols (continued). G.T. Morgan ... 

Catalytic hydrogenation. W.W. Myddleton eee 

The reactivity of sulphur chloride (continued). K. G. Naik 

Synthesis of isobutenetricar boxylic acid. L.C. Nickolls ... 

Constitution of catechin. M. Nierenstein 

Preparation of tetracarboxylic acid. K. C. Pondye 

The study of m-nitro-amines and m-diamines of m-xylene. 
S. A. Pearman 

(a) The constitution of ountel end contaienn, (b) Synthese 
by means of quercetin. A. G. Perkin .. ; 


Synthesis of isobutenetricarboxylic acid. W. J. Dow ell . 

Effects of impurities on the catalytic oxidation of ammonia. 
A. W. Pritchard ‘ee 

The constitution of the metallic derivatives of alkaloide, 
acid amides, thio-acid amides, and other substituted acid 
amides. J. N. Rakshit sae = ee 

Constitution of galacto-arabinose. W. G. Sedgwick 
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Relation of polycyclic compounds to their homocyclic un- 
saturated isomerides. E. A. Seeley 

Reduction of w- enema and some of its deshvatives. 
H, Stephen . 

The effect of cathode wage on contain pobstanews. RK, Ww. 
Turner see 

Oxidising properties of sulphur dioxide. Ww. ‘Wardlaw 

Reaction of d- and l-a-bromo-n-butyric acids. E. J. Williams 


Total . 


The aggregate exceeds by £200 the sum of the payments made 
in 1919; hence the balance of income over expenditure is only 
£123 ls. 4d. as against £349 13s. 11d. for 1919. The return from 
investments was £50 Qs. 10d. higher, and repayment of grants 
amounted to £32 13s. ld. more, but the proceeds from selling 
platinum and gold did not recur. 


The vote of thanks to the Auditors for auditing the Accounts for 
the past year proposed by the Treasurer, seconded by Mr. Jouy 
Huaues, was carried unanimously, Dr. SenteR making acknow- 
ledgment. 

Dr. J. I. O. Masson proposed a vote of thanks to the Treasurer, 
Secretaries, and Council for their services during the past year. 
This was seconded by Dr. T. SLATER PRIcE and acknowledged by 
Mr. Jutian L. Baker, retiring member of Council. 

The President announced that the votes recorded for the election 
of Fellows to vacancies on the Council resulted as follows : 

A. Ordinary Members of Council resident within fifty miles of 
Charing Cross : 

T. Slater Price (381). O. L. Brady (164). 
J. 8. 8. Brame (352). B. Campbell (105). 
E. V. Evans (347). 

B. Ordinary Members of Council resident beyond fifty miles from 
Charing Cross : 

C. H. Desch (409). T. S. Patterson (284). 
R. Robinson (386). D. R. Boyd (196). 
W. Rintoul (377). I. M. Heilbron (157). 
H. B. Hartley (375). J. Reilly (109). 

N. V. Sidgwick (317). 

The names of the Fellows elected to vacancies on the Council 
were then read as follows : 

President.—Sir James Walker, D.Sce., LL.D., F.B.S. 


Vice-Presidents who have filled the office of President.—Henty 
Edward Armstrong, Ph.D., LL.D., F.R.S.; Sir James Johnston 
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Dobbie, M.A., D.Sc., F.R.S.; William Henry Perkin, Sc.D., D.Sc., 
FRS.; Sir William Jackson Pope, K.B.E., M.A., D.Se., F.R.S.; 
Mexander Scott, M.A., D.Se., F.R.S.; Sir William Augustus 
Tilden, D.Sc., F.R.S. 

Vice-Presidents who have not filled the office of President.—Frederick 
Gowland Hopkins, M.A., D.Sc., F.R.S.; Frederic Stanley Kipping, 
DSe., F.R.S.; Jocelyn Field Thorpe, C.B.E., D.Se., F.R.S. 

Ordinary Members of Council_—John Samuel Strafford Brame ; 
(ecil Henry Desch, D.Se., Ph.D.; Edward Victor Evans, O.B.E. ; 
Harold Brewer Hartley, M.A., C.B.E.; Thomas Stewart Patterson, 
DSe., Ph.D.; Thomas Slater Price, O.B.E., D.Se., Ph.D.; William 
Rintoul, O.B.E.; Robert Robinson, D.Se., F.R.S.; Nevil Vincent 
Sidgwick, M.A., Se.D. 

Messrs. R. C. Farmer, G. Senter, and C. K. Tinkler were elected 
Auditors for the current financial year. 

The meeting then proceeded to consider two proposals (received 
by the Council in writing and signed by twenty Fellows) for the 


alteration of Bye-law XVI. The first proposal was that for the 
words : 


“The Society shall have the right to retain the manuscript 
and illustrative drawings of all papers sent to the 
Society.” 


there be substituted the words : 


“The manuscript and illustrative drawings of any paper 
considered by the Council unsuitable for publication 
shall be returned to the author immediately on his 
demand.”’ 


This motion having been formally proposed and seconded, the 
President read the Council’s report recommending the rejection 
of the proposal. Thereafter Prof. J. C. Purp spoke to this report, 
directing attention to the permissive character of the clause in its 
present form, and pointing out that in this way opportunity was 
given for the treatment of each case on fair and reasonable lines. 
The desirability, however, of preserving in certain cases, for 
purposes of record, the original paper as communicated to the 
Society was emphasised, and it was further pointed out that in 
those cases where a paper was not accepted for publication in the 
Journal the author was at perfect liberty to publish elsewhere. 
After remarks by the Treasurer and a number of other Fellows, 
the motion was put to the meeting and lost, no votes being recorded 
in its favour. 
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INCOME AND EXPENDITURE ACCOUNT § wr 1 


Income. 


& 
I ick ict, ies, eae asi, daa Alan: cies ne dl. is. Sea 1543 10 : 
pp IED cha “des. eee” Seng he eee Add Ub. Gee ee. 008 tte 1104 0 9 
», Annual Subscriptions— ? 
Received in advance, on account of 1920 2... 0... 12. sce ee wee) 418 
during 1920 a ae me ee eee oe Cee 
ae ee: 
1918 and previous years ee ems 56 
5997 
Less amount included in last year’s Income, being valuation of 
Arrears as per last Balance Sheet ... ... 1... .. « a 


Add Arrears at date: 1920, £328; 1919 and previous Years, £10. 
Estimated to realise as per Balance Sheet a re ae me 
5987 Q i 


i I as aa dies, Gils asienstle. ace Teak 18 10 9 


>» Investments :— 

Dividends on £6730 Metropolitan Consolidated 3} per cent. Stock 

£1050 London and North Western Railway 3 per cent. 
Debenture Stock . 

£1520 14s. $d. Cardiff © orporation 3 per cent. Stock . 
£1400 India 2} per cent. Stock 
£2400 Bristol Corporation 24 per cent. Debenture Stock 
£4341 Midland Railway 2} per cent. Preference Stock 
£1200 Leeds Corporation 3 per cent. Stock oi 


mm to «3 & Oo Oo bo 
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£1500 Transvaal 3 per cent. Guaranteed, 1923/53 =e 
£1200 North British Railway 3 per cent. Debenture 


Stock a 
£700 Canada 3} per cent. 1930) 50 ses 
£21005 per cent. War Stock ... . 
£1100 5 per cent. War Bonds sl , 
£2000 5 per cent. National War Bonds, {927 
£2000 5 per cent. National War Bonds, 1928 
£600 Funding Loan, 4 per cent., 1960-90 


», Income Tax Recovered = 
», interest on Deposit 


»» Publication Sales :-— 
Journals on 
Proceedings owe 
Collective Index, .. 
Library Catalogue .. 
Atomic Weight Tables 
Jubilee Volume 
Annual Reports on Progress of Che ‘nistry —— 
Memorial Lectures (including Fischer Lecture) ... 
Gummed Abstracts ...0 0... 612 cee cee eee 


Less Publishers’ Commission ... 
2591 14 1 


,, Proceeds of Advertisements in Journal 
Less Commission x <<. oem ete 
922 11 1 
RIOD is see, ans 0s: te Wed an | See, ek be 21 9 3 
Donations to Library cia: “aie: te Ga cane ik, wen, hie 411 15 0 
Subscriptions from other Societies oon ee ee ae eee 23 


Balance being Excess of Expenditure over Income, carried to , 
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JUN? # por tHE YEAR EnpDED 3lst DECEMBER, 1920. 
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By Expenses on account of Journal :— 

Salary of Editor, including Indexing 

Salary of Sub-Editor and Assistant 
Editorial Postages oe 

Abetencbous” Fees... 

Printing of Journal . 

Banding .. 

Printing of ‘Advertisements 

Wrappers and Addressing 

Distribution of Journal 

Authors’ Copies 

Insurance of Stock 
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, Meetings, Hire of Hall, etc. ... 
” ‘Annual Reports on the Progress of Ghemistry.. 
., Purchase of Back Numbers of Journal , 
,, List of Fellows, Printing, ete. . ? 
,, Charter and Bye- Laws, Printing, etc. 


» Library Expenses :— 
Salaries 
Books and Periodicais. 
Binding ... se. 


,, Indexing for International Catalogue 
- ” ‘Advertisements of Meetings ee 


» Donations :— 
Federal Council for Pure and Applied Chemistry 
Conjoint Board of Scientific Societies ... ... ... 


» Administrative Expenses :— 
Salary of Stail ... ... ... 
War Bonus . 
Wages (Commissionaire, Housekeeper, and © ‘hs urwom: an) . 
Coal and Lighting ‘ ps “6 wee 
House Expenses and Repairs .. 
Telephone ... oe ee 
Furniture ... 
Tea Expenses 
Insurances . . 
Accountants’ “Charges” 
Commission on Recovery of Income Tax” 
Law Costs (Supplemental Charter and New ‘Bye- Law ‘s) 
Miscellaneous ew oe 066 one eee see 
een Jee 
Postages . 
Miscellaneous Expense 
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The second proposal, that the passage 


“Tt shall consist of such of the papers which have been com. 
municated to the Society, or of abstracts of them, as the 
Council may determine ”’ 


be altered by deleting the words 
“, or of abstracts of them,” 


was then considered. The adverse report of the Council on this 
proposal was read, and in reply to a point raised by Dr. Brapy, 
Prof. Pump made a statement onthe practice adopted in con- 
nexion with the publication of papers. While the Council, on 
financial and other grounds, regarded as essential the power to 
require an author to shorten his paper before publication, it was 
made clear that if the author objected to such publication in an 
abbreviated form the paper could be withdrawn and the author 
was then at liberty to offer it elsewhere for publication. The motion 
was put to the meeting and lost, no votes being recorded in its 
favour. 

In presenting the Longstaff Medal to Prof. Jocelyn Field Thorpe, 
C.B.E., F.R.S., the PResrpEnt referred to Prof. Thorpe’s important 
and numerous contributions to Organic Chemistry, and said that 
“all these inquiries, in carrying out which he had aroused the 
enthusiastic co-operation of numerous younger collaborators, have 
been marked by conspicuous experimental skill and admirable 
theoretical insight.” The award was acknowledged by Prof. 
THORPE in appropriate terms. 

The PRESIDENT then delivered his address, entitled, ‘‘ The Study 
of the History of Chemistry; its Importance and Uses.” 

A vote of thanks to the President for his services in the Chair 
during the past two years and for his address, coupled with the 
request that he would allow the address to be printed in the Tran- 
sactions, was proposed by Prof. A. Smrirnetis, C.M.G., F.RS, 
seconded by Prof. J. M. Tuomson, and carried with acclamation, 
the PRESIDENT making acknowledgment. 
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SIR WILLIAM DE WIVELESLIE ABNEY, 
K.C.B., D.C.L., D.Sc., F.R.S., ete. 


Born 1843; Diep DreceMBER 2nD, 1920. 


ie WrtLIAM ABNEY was a man of many activities. In 1861 he 
eame a@ lieutenant in the Royal Engineers, and in 1872 we find 
lim described as “ Assistant Instructor in Telegraphy” at the 
School of Military. Engineering, Chatham. Later in the year 
(872) he was appointed “Instructor in Chemistry and Photo- 
mphy ’’ at the same school for the usual period of five years. 
He was made Captain in 1873, and in 1877 he left Chatham and 
keame connected with the Science and Art Department as a 
&ience Inspector. While at Chatham he had formed a very 
ifinite opinion that instruction in science should be imparted 
wt merely by lectures, books, and cram work, but by means of 
yactical work on the part of the student. So he devoted himself 
0 the drawing up of specifications of laboratory accommodation 
ad equipment that could be recognised as suitable, for at that 
time there were not half-a-dozen laboratories connected with the 
Department that were worthy of the name. In 1881 he retired 
fom the army, and seven years after he had become associated 
vith the Science and Art Department (1884) the half-a-dozen 
reognised laboratories had increased to more than 100, and he was 
pointed “*‘ Director for Science.” This work rapidly progressed 
mder his superintendence, and in 1903 we find that there were 
49 physical and 774 chemical laboratories, besides laboratories 
fr mechanics, metallurgy, and biology, working in connexion 
vith the Science and Art Department. In 1899 Sir William was 
‘ppointed “‘ Principal Assistant Secretary of the Board of Edu- 
ation, South Kensington,” that is, the chief officer of the science 
livision of the Board. The changes consequent on the passing of 
Mr. Balfour’s Education Act of 1903 led to his retirement. From 
that time he was “ Adviser to the Board of Education (Science 
Department),” and a “Member of the Advisory Council for 
Education ” to the War Office. 

Although his life was so fully occupied with official duties, Abney 
fund time to carry out a very large amount of scientific work. 
ln 1862, at the age of nineteen, he began to study photography, 
ind in 1870 he joined the Photographic Society of London (now 
the Royal Photographic Society). In 1871 he became a Fellow 
if the Chemical and of the Royal Astronomical Societies, and in 
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1876 he was elected a Fellow of the Royal Society, and a member 
of the Physical Society of London. He was no sleeping member 
of the societies to which he belonged; he took an active part in 
the management of some of them and contributed largely to their 
proceedings. He was elected President of the Royal Photographic 
Society, 1892—1894, 1896, and 1903—1905; President of the Royal 
Astronomical Society, 1893—1895; and of the Physical Society, 
1895—1897. In 1889 he was President of the Mathematical and 
Physical Section of the British Association (Newcastle-upon-Tyne): 
in 1903 President of the Educational Science Section of the British 
Association (Southport); in 1904 Chairman of the Royal Society 
of Arts; and he was President of the original Camera Club during 
the whole of its life. 

Abney said, in 1903, that ‘‘ the work of the late Science and Art 
Department was largely a missionary work,” and he himself was 
an enthusiastic evangelist. He was content neither with seeking the 
truth nor even with finding it, but was always endeavouring to get 
others to join in the search and to spread abroad a sound scientific 
knowledge. He contributed innumerable papers to periodicals 
and gave many lectures before all sorts of institutions, including 
three courses of Cantor Lectures before the Royal Society of Arts. 
The chief of his books, for he published a great many, generally 
small volumes, are ‘‘ Instruction in Photography ”’ (1872), which 
has grown very considerably in size during its eleven editions, his 
“Treatise on Photography ’’ (1878), ‘‘ Thebes and its Five Great 
Temples ” (1876), ‘‘ Pioneers of the Alps,” of which he was joint 
author (1888), ‘‘Colour Measurement and Mixture” (1891), and the 
‘“Trichromatic Theory of Colour” (1914). He gave the Bakerian 
Lecture before the Royal Society in 1880 and in 1886. In 1883 
the Royal Society awarded him the “ Rumford ” medal for his 
researches in Spectrum Analysis, and he was twice awarded the 
Progress Medal of the Royal Photographic Society (1878, 1890). 

With regard to Abney’s scientific work, this is not the place to 
refer in detail to his photographic, astronomical, and physical 
investigations, neither to his researches into the physics and 
physiology of colour vision. In these subjects he did a great 
deal of genuine pioneer work. Chemistry, as such, was apparently 
not to his taste, but occasionally he crossed the boundary, and 
when he did so he, as was his habit, did not leave the matter until 
he had done something noteworthy. 

In 1872, that is, the year in which he was appointed Instructor 
in Chemistry and Photography at Chatham, he communicated to 
the Photographic Society a “‘ Note on Silicates of Silver.” He pre: 
pared two, of which he determined the formule by analysis. 
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AgOSiO, + 2HO (old atomic weights), prepared by adding excess 
of silver nitrate to a sodium silicate solution, is yellow and becomes 
purple by exposure to light. AgO2SiO, + 2HO is prepared by 
adding excess of sodium silicate to silver nitrate solution, and is 
white, and becomes brown or nearly black by exposure to light. 
Both compounds will give a developable as well as a printed-out 
image and both are soluble in sodium thiosulphate and potassium 
cyanide. He describes their uses in emulsion making, but I have 
not found any further reference to them. 

The work for which chemists are especially indebted to Abney 
concerns the infra-red of the spectrum. It was in 1874 that he 
definitely set himself the task of photographing this region, a bold 
resolution to make, seeing that there was nothing known that was 
suitably sensitive to the infra-red. We may note that Vogel, a 
few months before, had discovered the colour-sensitising action of 
certain dyes and photographed to a little beyond A, and about 
1840 Dr. John William Draper, of New York University, had gone 
rather further into the infra-red, using daguerreotype plates, but 
the image he got in the red and infra-red was reversed, that is, 
this region by their method undid the normal photographic action. 
Sir John Herschell and Robert Hunt had examined a great variety 
of substances with regard to their general sensitiveness to light, 
including the red end of the spectrum. . 

Abney had, therefore, first to get a suitably sensitive substance. 
He was very faithful to his theories and they served him well, 
for after long and tedious experimenting in the direction they 
indicated he was able to produce with certainty a collodion 
emulsion sensitive to the whole spectrum from the ultra-violet 
to a wave-length of 2200 pp» in the extreme infra-red, that is, 
a spectrum about six times as long as the visible part in a 
normal spectrum. With this means of investigation, he mapped 
the solar spectrum from wave-length 715 pp to 1000 wy, or a 
little beyond, that is as far as it extends. He also found that 
with the exception of sodium and calcium no metallic vapours 
seem to give lines in the infra-red. In conjunction with General 
Festing, he mapped the infra-red absorption spectra of about 
ity organic compounds and six inorganic liquids. From these 
results the lines due to hydrogen were identified, and also the 
bands due to several organic radicles. These results were com- 
municated to the Royal Society (1880 to 1886). 

Abney made one communication to the Chemical Society, namely, 
a lecture on ‘“ Colour-photometry,” which he delivered in 1891. 
He demonstrated that any colour can be exactly described (so far 
as visibility is concerned) by three numbers, which will serve at 
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any future time for its exact visual reproduction. These numbers 
represent (1) luminosity; (2) hue (a wave-length, or in the cage 
of purple the wave-length of the complementary hue) ; and (3) purity 
(or freedom from white light). He pleads with chemists to he 
more exact in their description of colours. 

Regarding Abney as a man, he was eminently just, sincerely 
kind, and hated snobbishness in any form. He was a man of vast 
energy and indomitable perseverance. For many years he suffered 
much with rheumatic complaints, especially in the region of one 
hip, and this eventually made him lame. In spite of his suffering 
he was reluctant to give up his work, and the last few times that 
he went to the Imperial College he had to be carried from his 
motor-car upstairs to his laboratory. 

C. J. 


HENRY BASSETT, F.I.C. 
Born 1837; Diep Aveust 30TH, 1920. 


Henry Bassetti, who died on August 30th, 1920, at the age of 
eighty-three, had been a Fellow of the Society since 1864, and many 
of our older Fellows, besides those who enjoyed his friendship, will 
remember him as a once-constant attendant at its meetings and as 
a member of its Couficil, on which he served for two full periods, 
1870—1873, and 1890—1893. 

He received his early chemical training from Hofmann in the 
old College of Chemistry, whence he went to Oxford for a time as 
assistant to Sir Benjamin Brodie. He returned to London and 
established himself in a little laboratory (which he called “The 
Den”) in the Polygon, Somers Town, migrating afterwards to 
Euston Grove (remembered as “ Den No. 2”’), where he worked 
and experimented for several years. A good portrait of him by 
Houghton, painted in the Euston Grove “‘ Den” and exhibited at 
the Royal Academy, survives as a memento of this period. Subse- 
quently he joined the late F. A. Manning, well remembered as 4 
specialist in matters relating to anthracene, in whose laboratory 
he spent a large part of his life. In 1893 he re-established himsel 
in independent analytical and consulting practice in St. Andrews 
Hill (his “‘ Den No. 3”), where he continued to work at anthracene, 
but also largely concerned himself with investigations relating ‘0 
non-ferrous alloys, as well as with miscellaneous consultative work, 
in which he was engaged almost up to the time of his death. 

Bassett contributed in his earlier years several papers of interes! 
to the Transactions of the Society. The first of these was 
“ Tetrabasic Carbonate of Ethyl” (1864). In 1865 he contributed 
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3“ Note on the Action of Chloropicrin and Chloroform on Potassium 
Acetate’; in 1866, a paper on “A Cyanogen Derivative of 
Marsh Gas”; in 1867, a paper on “ Julin’s Chloride of Carbon”’ ; 
and, in 1872, a paper on “ Eulyte and Dyslyte.’’ As far as the 
Transactions are concerned he was then silent until 1890, when he 
contributed a paper on the “Interaction of Iodine, Water, and 
Potassium Chlorate.’”’ The Abstracts of our Journal give summaries 
of various other papers chronicling experimental investigations 
published in the Chemical News, including “ Reactions of Tin with 
Sulphuric Acid ”’ (1886), “‘ Preparation of Trichloromethyl-Sulphuric 
Chloride ”’ (1886), “‘ Analysis of Anthracene ” (1895), and “ Reduc- 
tion of Chromic Acid by Acetic Acid and its effect on Anthracene 
Testing” (1899); and also of a paper (1892) on the “ Tabular 
Expression of the Periodic Law.” 

Bassett was fond of artistic society and a lover of music, being 
for many years an active member of the Royal Amateur Orchestral 
Society, in which he played the trumpet—an instrument in the 
construction of which he interested himself to the extent of devising 
improvements therein. 

He was married in 1879 to Mary Kate Colchester, who happily 
survives him, and left two daughters and one son, Dr. Henry 


Bassett, who is Professor of Chemistry at University College, Reading. 
B. D. 


JOHN CANNELL CAIN. 
Born SEPTEMBER 28TH, 1871; Drep January 3lst, 1921. 


By the death of Dr. John Cannell Cain, which eccurred suddenly 
at his residence in Brondesbury Park on the morning of January 
3lst, the Society lost an editor who for the past fifteen years had 
carried out the duties of his office with conspicuous ability and 
success. He was born at Edenfield near Manchester on September 
28th, 1871, and was the eldest son of the Rev. Thomas Cain of 
Stubbins, Lancashire. At an early age he entered the Manchester 
Grammar School, that nursery of chemists which was destined 
under Mr. Francis Jones to supply so many men, ultimately to reach 
high positions, to the chemical schools of his time, and in due 
course entered the Owens College, where he.studied chemistry 
under H. B. Dixon, who three years before had succeeded Roscoe 
in the chair of Chemistry. He obtained the degree of B.Sc. in 1892, 
and in the autumn of that year proceeded to the University of Tii- 
bingen where, after twelve months’ work, he graduated with the 
degree of D.Sc. After that he worked for one semester at Heidelberg 
under Victor Meyer, and it was here that the writer first made his 
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acquaintance. In 1894 Cain returned to the Owens College fyi 
where two years previously W. H. Perkin had succeeded Schorlemmerfl, 
in the chair of Organic Chemistry, but he does not appear imme. 
diately to have taken up organic research, because when the writerlj 
went to Manchester in the autumn of 1895 he found that Cain 
had been working for the past year with W. A. Bone, who was then 
starting his researches on gaseous combustion, work which was 
subsequently to appear in 1897 under their joint names in the paper 
entitled “The Explosion of Acetylene with Less than its Ow§j 
Volume of Oxygen.” 
In 1895 Cain definitely chose the branch of chemistry to which Ji 
he ultimately devoted his life by accepting the post of research 
chemist to Messrs. Levinsteins, Ltd., where he remained until 
1901. It was during this period that the writer became intimately 
acquainted with him, because until Cain’s marriage in 1898 they 
occupied lodgings in the same house at Cheetham Hill; and although 
their work led them in opposite directions, the writer going to 
Perkin’s laboratory at the Owens College and Cain going to Crump. 
sal, nevertheless the evenings afforded opportunities for numerous 
discussions on the subject of colour chemistry, discussions which 
led to an agreement to write the text-book which subsequently 
appeared in 1905 under the title of ‘‘ The Synthetic Dyestuffs,” now 
passing through its fifth edition. The memories of those days are 
very pleasant, because Cain had a very lovable disposition and was 
a firm and true friend. One remembers among other things his 
genuine distress at the protests of the landlady who, doubtless 
incited by the neighbours, complained bitterly of the abominable 
smells which pervaded the house and neighbourhood. She certainly 
had just cause for complaint, for the Perkin school was at the time 
engaged on work with the unsaturated fatty acids, and Levinsteins 
were at the moment interested in «-naphthylamine. It is scarcely 
possible that anywhere else in the world the same house could have 
sheltered two people working with materials possessing greater 
affinity for human garments and more capable of rendering them 
intolerable to anyone in their immediate neighbourhood. _Incident- 
ally, one remembers the late Mr. Ivan Levinstein explaining to the 
Local Authority that «-naphthylamine was an aromatic substance 
and therefore quite incapable of producing the nuisance described. 
In 1901 Cain decided to abandon for a time his work on the 
industrial side of his subject and to accept a teaching post which 
would enable him to devote time to research of a more fundamental 
character. With this object in view he became head of the Chemistry 
and Physics Department of the Municipal Technical School at Bury 
in Lancashire, a post which he occupied until 1904. During this 
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priod, in association with Frank Nicoll, he published the first three 
rts of the series entitled “ The Rate of Decomposition of Diazo- 
jmpounds,”’ in which he showed the vast difference in the rate of 
jeomposition of comparatively similar diazonium salts. Part I, 
ublished in 1902, dealt with the benzene series, and Parts II and 
ill, published in the following year, with the naphthalene series, 
ind with the temperature coefficient, respectively. During this 
yriod he also started a series of researches on “‘ The Diazo-reaction 
the Diphenyl Series,” and published Part I, “ On Dianisidine 
nd 3:3’-Dichlorobenzidine,” in 1903, Part II, “ On Ethoxybenz- 
line,” appearing in 1905. In 1904 Cain was awarded the degree 
if D.Sc. in the Victoria University of Manchester, and in the same 
var left the Bury Technical School, again entering the industry 
is Manager and Head Chemist to Messrs. Brooke, Simpson and Spiller 
i London, a post he occupied until 1906, when he was appointed 
fditor of the Society’s publications. 

During the fifteen years he held the editorship he found time to 
wntinue many of the researches he had commenced at Bury and 
fo start new ones. For example, after publishing a number of 
maller papers dealing mainly with the chemistry of the colouring 
matters, he began a new series called ‘Studies in the Dipheny] 
Vries,” Part I of which was published with Percy May in 1910. 
Part II, which was published in 1912 with Albert Coulthard and 
Viss Micklethwait, described a hitherto unobserved form of 
iomerism possessed by benzidine derivatives, showing, for example, 
that there were two distinct dinitrobenzidines yielding distinct 
wetyl derivatives and distinct dinitrodiphenyls. It was suggested 
that this form of isomerism depended on the limitation of free 
wtation of the singly linked carbon atoms, and its occurrence has 
en further demonstrated by the recent work on the corresponding 
liearboxylic acids by Kenner. The writer remembers discussing 
this problem with Cain at the time, and it was agreed that if the two 
arbon atoms joined by the single valency are asymmetric, as in all 
probability they are, the isomerism would be of the same type as 
that of the tartaric acids or of the s-dialkylsuccinic acids and 
vould represent true cis- and trans-forms. It would therefore be 
interesting to ascertain whether either one of the two isomeric 
dicarboxylic acids is capable of being resolved into optically active 
antiomorphs. The studies of diphenyl compounds concluded 
vith Part III, published with Dr. Brady in 1912, on diphenyl- 
diphthalamic acid. 

in 1907 Cain advanced his theory of the constitution of the diazo- 
compounds and followed this in 1908 by a text-book, now in its 
seond edition, on “The Chemistry of the Diazo-compounds,” 
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in which he deals with the whole of this subject in a concise and 
interesting manner. His theory, which involved para linkage 
has not found universal acceptance, but neither for that matter has 
any formula of the diazo-compounds, excepting, perhaps, that of 
Blomstrand, which is undoubtedly the worst that has been suggested, 
if it be held that the formula of an organic substance should represent 
the simplest expression of its reactions. On this basis Cain’s formula 
is greatly preferable to that of Blomstrand, which, as far as the writer 
is aware, has. not one single shred of direct chemical evidence to 
support it. His literary work also included a volume on “The 
Manufacture of Intermediate Products for Dyes,” published jn 
1908 and now in its second edition. He also left the almost com. 
pleted MS. of a sister volume on the manufacture of dyes, which 
the writer hopes to complete for the press at an early date. More. 
over, he wrote several of the articles on colouring matters and related 
subjects in the last edition of Thorpe’s “ Dictionary of Applied 
Chemistry,” and also in the edition which is now passing through 
the press. More recently he undertook to revise ‘“‘ Roscoe and 
Schorlemmer ” and volume I appeared shortly before his death. 

Cain brought to the work of his editorship a remarkable knowledge 
of chemical data which his retentive memory had stored up through- 
out an active life. Probably no one else had a greater knowledge 
of the facts of organic chemistry, and on questions of nomenclature 
his word was final. Contributors to the Journal could not fail 
to be struck by his wonderful grasp of even the minor details of a 
paper, and it would often happen that an author’s attention would 
be directed for the first time by the editorial red ink to the fact that 
previous work, which he had overlooked, had been published on 
the subject of his paper. The publications of the Society for the 
past fifteen years remain as a record of his devotion to the duties of 
his office. 

During the war Cain placed his services where they were most 
required, and early in 1915 he was asked by the late Lord Moulton 
to act as his first inspector of explosives. He subsequently became 
manager of H.M. Factory at Hackney Wick, and later entered 
British Dyestuffs, Ltd., as chief chemist to the Dalton Works at 
Huddersfield. As a member of the technical committee of British 
Dyes he took an active part in the reorganisation of the dyestufis 
industry in this country. His intimate knowledge of the theory and 
practice of dyestuff chemistry not only rendered his services of 
the highest importance in this connexion, but also caused his advice 
to be sought by the Department of Explosives Supply on many 
questions relating to the manufacture of explosives. His many- 
sided activities during this period, invalving as they did the expen¢- 
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iture of great energy and skill, combined with the worry attached 
to considerable responsibility and the fatigue caused by long train 
journeys, undoubtedly contributed directly to bring about his early 
death, because he had a serious breakdown in 1915 which left 
permanent heart weakness. Nevertheless he was ever ready to 
help, and did not hesitate to undertake, at the request of the Chemical 
Warfare Department, the task of compiling a complete card index 
of all chemical substances possessing toxic or noxious properties. 
He was engaged in this work for the reconstituted Chemical Warfare 
Committee at the time of his death, and the writer has reason to 
know that his work in this connexion was carried out with the 
thoroughness which characterised all his actions. 

Cain was a good lawn-tennis player and a keen cyclist, but his 
activities in these directions were sadly curtailed after his first 
heart attack; nevertheless he found solace in fishing, at which 
he was no mean craftsman, and in motoring. In 1898 he married 
Miss Amy Brown, who survives him, and he leaves two children, 
ason and a daughter, the former being just about to complete his 
training as an engineer at Cambridge. 

During the past eighteen months the writer has had many oppor- 
tunities of meeting Cain, because, with his usual willingness to help, 
he had agreed to collaborate in designing a new laboratory for semi- 
large scale production which has now been erected in the organic 
department of the Imperial College. 

It is a matter of the deepest regret that he did not live to see the 
completion of a scheme which he had so much at heart and which 
he did so much to render practicable. o. Bs Ee 


ARMAND GAUTIER.* 


By the death of Emile Justin Armand Gautier, at Cannes, in his 
tighty-third year, France has lost one of her most distinguished 
chemists. Born at Montpellier, the son of a medical man, Gautier 
appears to have been destined to follow his father’s profession, 
and to his early training is to be attributed, in all probability, 
the direction of much of his subsequent life’s work in science, not- 
ably in biological chemistry. As a youth he obtained a post, 
under the Faculty of Montpellier, first as aide-préparateur and 
then as préparateur in the chemical laboratory; here he remained 
ive years, and thus acquired that power and facility of mani- 
pulation which characterised his experimental work. In the early 
sixties he decided to attach himself to chemistry as a career. 
At that period the science was experiencing profound changes, 


* Reprinted, by permission, from Nature (September 16th, 1920). 


538 OBITUARY NOTICES. 


and chemical theory was developing with remarkable rapidity, 
more particularly owing to the progress in organic chemistry, 
Wurtz was everywhere recognised as one of the pioneers and 
leaders of the new movement, and accordingly young Gautier 
repaired to Paris to work under his inspiration and direction, 
At Paris he remained, becoming, in 1869, a member of the Faculty 
of Medicine, in 1872 director of the first laboratory of biological 
chemistry instituted in France, and in 1884, on the death of 
Wurtz, professor of medical chemistry. He was elected a member 
of the Academy in 1889. 

During the fifty years of his scientific activity Armand Gautier 
published an extraordinary number of memoirs—upwards of 600, 
it is said. They range over every department of the science and 
practically every sub-section of it. Many of them, of course, are 
not of first-rate importance, but, collectively, they serve to show 
his breadth of sympathy, his receptivity, his intellectual keenness, 
his versatility, and the many-sidedness of his interests. 

Here we can deal only with Gautier’s more noteworthy contribu- 
tions to the literature of chemistry. The influence of Wurtz is stamped 
on the earliest of them—as in his work on cyanogen derivatives, 
on the nitriles and their isomerides, the carbylamines—which 
mostly appeared in the Bulletin of the French Chemical Society, 
and served to establish Gautier’s position as one of the foremost 
investigators of the new French school. His appointment as 
director of the laboratory of biological chemistry, already referred 
to, gave a fresh impetus and a new departure to his work as an 
investigator. In 1872 he signalised the existence of a class of 
cadaveric alkaloids, termed by Selmi ptomaines, and presumed 
to be products of putrefaction. Earlier investigators, such a 
Panum, Dupré, and Bence Jones, Marquardt, Schmidt, Bergmann, 
and Schmiedeberg, Zuelzer, and Sonnenschein, had obtained s0- 
called putrefaction bases which occasioned physiological effects 
similar to certain vegeto-alkaloids. Selmi’s term was adopted 
by Gautier to denote alkaloidal substances formed in the putre- 
faction of proteins. The earlier literature relating to the ptomaines 
—a term now fallen into disuse in scientific nomenclature—is fill 
of errors, and there is practically no evidence that what is called 
‘ ptomaine poisoning” is due to poisonous alkaloids: it is rather 
to be attributed to bacterial infection and is caused by bacterial 
toxins. Gautier found in fresh tissues a number of basic sub- 
stances, related to uric acid and creatinine, which he regarded 4 
the products of ordinary metabolism, and to which he gave the 
name of leucomaines, to distinguish them from the products o 
bacterial action. 
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A subject which engaged Gautier’s attention for some time, 
udto which he occasionally returned, was the widespread diffusion 
¢arsenic in the animal organism, which led to work on improved 
nthods of detecting and estimating that element in microchejnical 
yantities. His speculations concerning the rdéle played by arsenic, 
ywell as by iodine, in our organism may be said to be at the basis 
¢ modern therapeutics. The question of the influence of the 
finitely little on hygiene had, in fact, a special attraction for him. 
lis seen in his work on the action of the impurities of the air of 
wns on the public health. He detected the constant presence 
in air of iodine, as wellas of hydrogen ; the former, he imagined, was 
iue to the presence of microscopic alg, the latter to emanations 
fom primitive rocks, volcanoes, and thermal springs. 

Gautier, as a biochemist, also engaged himself in questions of plant 
physiology, and on the chemical transformations of various products 
in the life-history of vegetable organisms. These studies occasion- 
ily took a practical .turn, as, for example, in his inquiries into 
the colouring matter of the grape and the detection of the fraudulent 
wlouring and dilution of wine, and the influence of “ plastering,” 
“ellage,’ and fortifying on the weight of the dry extract. The 
uture of tobacco-smoke also attracted his attention. He found 
that when tobacco is smoked in a pipe the volatile liquid products 
consist mainly of basic compounds, among them nicotine, a higher 
homologue, C,,H,,N., which pre-exists in tobacco leaf, and a base, 
(,H,0N, which appears to be related to picoline. Hydropyridines 
ad other alkaloids are also present, resulting from the decom- 
position at relatively low temperatures of the carbopyridic and 
varbohydropyridic acids present in the leaf. 

Gautier was a fellow-worker with Maxwell Simpson in Wurtz’s 
laboratory, and the two collaborated in the study of the action 
ofhydrocyanic acid upon aldehyde. He was an occasional visitor 
to this country, and represented France at certain academic gather- 
ings in London. He was a genial soul, and, as was said of him by 
M. Deslandres, president of the Academy of Sciences, when pro- 
houncing his éloge, remained young in spirit and young of heart 
until the end. T. E. T. 


WILLIAM HERBERT PIKE. 
Born JuLy 3rp, 1851; Diep Frspruary 8x, 1921. 


Wittam Herpert PrKe, a life member of the Chemical Society, 
son of Warburton Pike, barrister-at-law, was born at Brixton in 
1851 and was educated at Rugby. Thence he went in 1869 to 
King’s College, London, to study chemistry under the late 
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Professor Bloxam, and afterwards to the Normal School of Science, 
South Kensington, where he worked under Guthrie. He they 
proceeded to the Polytechnic Institute in Vienna and afterwand 
to Berlin, where he studied for two years under Hofmann, 
taking his doctorate at Géttingen. On returning to England he 
worked for a short time in London and was elected a Fellow of the 
Society in 1874. He was appointed to an Assistantship at Oxford 
by the late Professor Odling and became a Lecturer on Chemistry 
at Merton College and was made M.A. of the University. On the 
creation of the University College of Toronto in 1880, Oxford was 
requested to staff the professoriate, and Dr. Pike was selected for 
the professorship of chemistry. In the early days of the College the 
provision for teaching practical chemistry compared very unfavour. 
ably with the places in which Pike had been trained. He soon, 
however, induced the authorities to furnish him with a properly 
designed building, which his talent for mechanical construction 
enabled him to equip in a suitable manner. - During the first year 
of his professorship, the whole of his time and energies during 
the College Sessions were occupied with the routine duties of his 
chair and in the establishment and direction of the graduating 
school of chemistry and physics. An explosion in the laboratory 
when attempting to prepare the highly unstable manganese 
trioxide deprived him of his right eye and for a time wholly 
incapacitated him for research work. 

On his retirement from the University College after nearly twenty 
years’ service, Dr. Pike took up his residence at Salcombe, South 
Devon, and lived the life of a country gentleman. He took an active 
interest in local affairs, was elected a member of the Urban District 
Council, on which he served as chairman for a number of years, 
a position for which his knowledge of affairs, sound judgment, 
and business aptitude rendered him well qualified, and became a 
justice of the peace for the County of Devon, and a regular attendant 
on the Kingsbridge bench. He occupied his leisure in mechanical 
pursuits and fitted up a well-equipped engineering workshop. 
He was an ardent motorist and followed the development 
of motor engineering, with which he had considerable practical 
acquaintance, with the liveliest interest. During his college 
vacations he travelled over considerable sections of Canada. 
He was a cousin of the great Canadian explorer and big game 
hunter, and he himself acquired a reputation as a sportsman whilst 
in Canada. He maintained his interest in sport at Salcombe, and 
regularly shot over the country in the neighbourhood. 

All Pike’s contributions to the literature of chemistry appeared 
before his appointment to Oxford—that is, during 1873 and 1874 
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He worked with Biedermann on cresotie acid (Ber., 1873, 6, 233) 
and published a short paper on benzoyl-sulpho-urea (Ber., 1873, 
6, 755) and an uncompleted investigation on the homologues of 
pxaluric acid (Chem. News, 1873, 28, 173). 

During the last few months of his life Pike’s health gradually 
filed. He died in his sleep on February 8th, 1921, and was 
buried at Salcombe. _ a? /» - 


JOHN RUFFLE, F.LC. 
Born 1843; Drep NovemBer 191TH, 1920. 


Jouxn Rurrite, who died at Ware on November 19th, 1920, in his 
sventy-eighth year, had been a member of the Society since 1872. 
He was a native of Suffolk and spent part of his early life in Ger- 
many, where he became interested in farming. On his return to 
England he became a student at the Royal Agricultural College 
at Cirencester. After taking his diploma he remained as chemical 
assistant to the then Professor of Agricultural Chemistry in the 
(ollege, the late Dr. Augustus Voelcker, consulting chemist to the 
Royal Agricultural Society, and after spending some years in his 
laboratory he became chemist in the Fertiliser Works of Messrs. 
James Gibbs & Co. at Silvertown, where he stayed until 1884. 
After practising for a few years as a consultant in London he went 
to South Wales as chemist to the “Cape Copper Company and 
Butenferry Chemical Works” at Neath, where he stayed until 
1896. He then joined the chemical staff of Messrs. Allen and 
Hanbury, Limited, at Ware, where he worked until the close of his 
life. Ruffle made an important contribution to analytical chemistry 
in a well-remembered paper on the “ Estimation of Nitrogen by 
Combustion, including Nitro-Compounds,” published in the T'rans- 
actions of the Society in 1881, in which he showed that the admix- 
ture of sulphur with the material to be analysed and of sodium 
thiosulphate with the soda-lime, in the Will and Varrentrap com- 
bustion process, resulted in complete reduction of nitric nitrogen 
to ammonia, enabling the analyst to determine in one operation 
the nitrogen present as nitrates, together with organic and am- 
moniacal nitrogen, in a complex fertiliser. The process has not 
heen surpassed for accuracy by the more modern “ moist com- 
bustion ” process of Kjeldahl and Jodelbauer (modified by Gunning 
and Arnold), which has now conveniently replaced it in most 
agricultural laboratories, and there are many chemists still at 
work who have grateful recollection of the help afforded them by 
Ruffle’s work. During the time at which he was especially engaged 
with chemical fertilisers he made some valuable investigations on 
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the constitution of superphosphates, showing that the prevalen; 
theoretical views on their composition were incorrect. His paper 
on this subject were published in the Journal of the Society of 
Chemical Industry in 1887, and he contributed to the same journal, 
and to other periodical literature, many occasional notes of interest 
on current chemical topics. 

Owing to continued absence from London for the last thirty 
years Ruffle was almost forgotten as a once active member of the 
Society, but he kept in touch, by correspondence, with some of 
his earlier chemical colleagues, and many of these are still living 
to mourn the loss of an affectionate and most lovable friend. He 
was a widower and left one son, Mr. Hugh W. E. Ruffle. 

B. D. 


CHARLES SIMMONDS. 


Born DEcEMBER 19TH, 1861; Drep JANUARY 15TH, 1921. 


CHARLES SrMMONDS was born at Stourbridge in 1861 and entered 
the Customs Branch of the Civil Service in 1883, being transferred 
three years later to the Inland Revenue Department, which at that 
time had control of the Excise duties. In the following year he 
obtained one of the eight scholarships which the Commissioners 
offered annually to approved Revenue Assistants. This gave 
Simmonds the opportunity he sought—training at the Royal College 
of Science and an assistantship in the Somerset House Laboratory. 

Simmonds’s career at South Kensington was one of signal success, 
and after some years as assistant, during which he graduated in science 
at London University, he received appointment to the permanent 
staff of the Laboratory. At the time of his death he was one of 
the Superintending Analysts. 

Sir Edward Thorpe became principal of the Laboratory in 18%, 
and three years later the staff entered into new premises at Clement's 
Inn Passage. In 1909, Sir James Dobbie succeeded Sir Edward 
Thorpe, and in 1911 became the first Government Chemist of the 
new separate Government Department. 

Both these principals recognised Simmonds to be a man of marked 
ability and capable of carrying out work of the utmost importance. 
One of the earliest special investigations placed in his hands was an 
inquiry into the composition of pottery glazes and fritts for the 
information of the Royal Commission appointed to report on that 
subject. Arising out of this work, several papers were contributed 
to the Society's Journal—“ Lead Silicates in Relation to Pottery 
(1901), ‘Constitution of certain Silicates” (1903), “ Reduced 
Silicates *’ (1904), as well as an article in Thorpe’s “ Dictionary of 
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Applied Chemistry” on “ Pottery Glazes,” and (in conjunction with 
Sir E. Thorpe) a paper on the “ Influence of Grinding upon the 
Solubility of Lead in Lead Fritts” (Manchester Memoirs, 1901). 

The investigation on pottery glazes was followed by an inquiry into 
the changes which take place in milk on souring, for the purposes of 
the duties thrown upon the Laboratory by the Food and Drugs Act. 
This work had been previously carried out to some extent by Lewin, 
but several points required elucidation. The results of the inquiry 
were communicated by Sir Edward Thorpe to the Society in 1905. 

For some years Simmonds was engaged in the analysis of 
samples referred by justices from courts of law in disputed cases 
under the Food and Drugs Act, but his work for the past ten or 
twelve years was more particularly concerned with drugs, pharma- 
ceutical compounds, and spirituous preparations. In this connex- 
ion he carried out for a Parliamentary Committee the analysis of a 
large number of secret remedies. During this time he communi- 
cated several papers to the Society of Public Analysts, for example, 
“The Determination of Small Quantities of Methyl] Alcohol” (1912), 
“The Estimation of Strychnine in the Presence of Quinine ”’ (1914). 

The war brought him a great amount of work relating particularly 
to aleohol, and its suggested use for power purposes. He perceived 
the lack of a comprehensive manual dealing with alcohol, and 
produced during this period of great pressure his treatise on 
“Alcohol,” which was published in 1919. For his war services he 
was appointed an officer of the Order of the British Empire. 

Simmonds was pre-eminently an analyst. Although he had 
considerable literary attainments—he was a frequent contributor 
‘0 Natwre—and showed by his papers in the Society’s Journal that 
he was at home in the realm of theoretical chemistry, it was in 
walytical manipulation that he excelled. The extreme care which 
ie took to ensure that his apparatus was clean, and calibrated, 
that the solutions he used were standardised, and that a note was 
made of everything that was to be observed in a test, were features 
which distinguished all his work. 

The Laboratory where he laboured so long has been enriched 
by new processes, by many modified and improved methods, and 
by the upholding of the importance to be attached to every minute 
letail of analytical procedure. 

Simmonds’s end was sudden and entirely unexpected by his 
leagues and friends. At work as usual one day, he had a heart 
ittack during the night, and passed away twenty-four hours later. 

Simmonds leaves a widow and two young children. A son by 
‘former wife has attained a position in Australia as a journalist 
ind author, G. Srupss. 
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BERTRAM JAMES SMART. 
Born 1882; Drep SEPTEMBER 4TH, 1920. 


Tue death of Bertram James Smart, B.Sc., at the early age of 
thirty-eight, has removed a promising investigator from the 
chemical world. His originality of thought and indefatigable 
energy enabled him to cover a wide field of research. 

His early training was received at the Mathematical School, 
Rochester, and he commenced his chemical career at Guy’s Hospital 
as an assistant to Sir Thomas Stevenson and Dr. Wade. In 
February, 1903, he was engaged as a member of the newly-formed 
research staff at the Royal Arsenal, Woolwich, under the Explosives 
Committee, and distinguished himself by his capabilities. His 
work was concerned mainly with explosives, but he also carried 
out valuable investigations on alloys. He published papers jointly 
with Silberrad on the removal of nitrous acid from nitric and 
sulphuric acids (J. Soc. Chem. Ind., 1906, 25, 156), the action 
of methyl and benzyl iodides on nitrogen iodide (T., 1906, 89, 
172), and the preparation of bistriazobenzene (T., 1906, 89, 170). 

In 1907 Smart was deputed to go to Hongkong to undertake an in- 
vestigation into the stability of propellants stored in hot climates, and 
after six months he proceeded with similar tests at Sydney, N.S.W. 
On returning to Woolwich in 1908 he continued his work on the 
stability of nitric esters with special reference to the true significance 


of the Abel Heat Test. A paper on this subject by Robertson andj’ B 


Smart appeared in 1910 (J. Soc. Chem. Ind., 1910, 29, 130). Inf 
this year also he graduated as B.Sc. at the University of London. 
Smart’s metallurgical work at Woolwich did not form the subject 
of any published papers, but it led in 1911 to his appointment 
by the Government of New South Wales to organise the mant- 
facture of iron and steel in that State, and subsequently he was 
placed in charge of the Testing Branch of the Department of Public 
Works at Lithgow, N.S.W. He continued to take an active part 
in scientific work, and was for some years chairman of the Sydney 
Section of the Society of Chemical Industry. Papers were pub- 
lished by him from Sydney on the Abel Stability Test, the volatility 
of arsenious oxide from hydrochloric acid solutions, and the suit- 
ability of Posidonia fibre for conversion to gun-cotton (J. Sw. 
Chem. Ind., 1913, 32, 967; 1914, 33, 900; 1918, 37, 3007). 
His death occurred on September 4th, 1920, at Sydney, and its 
notification will have been received with regret by many fellows 
by whom he was held in high esteem, not only on account of his 


scientific ability, but also for his personal characteristics. : 
R. C. F. 
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BERTRAM BLOUNT. 
Born 1867; Drep Aprit 9ru, 1921. 


Bgonx within sound of Bow Bells, Bertram Blount had a hard 
struggle to retain his hold upon life in early childhood. By the 
time he was sixteen, however, he had made good his lost schooling 
wd left King’s College School with honours in the Matriculation 
Examination of the University of London. He entered the Chemical 
laboratory at the College, then under the direction of the late 
Professor C. L. Bloxam, from whom he imbibed that love of analysis 
which, he subsequently maintained, is the primary qualification 
fr a chemist. At nineteen years of age he was ready to support 
himself, and accepted service as assistant to Mr. W. H. Stanger, a 
consulting engineer to the Crown Agents for the Colonies. It soon 
became known to Stanger’s clicnts that the chemical testing of 
enstructional materials is as valuable as the mechanical testing, 
ad in a very few years the practice developed to include that of 
consulting chemist with Blount as partner. The combination was 
ahappy one, but comparatively brief, owing to the death of 
Stanger. Blount continued in practice on his own account and was 
very soon in the front rank as a consultant, the chemistry of cement 
being his chief subject. 

Blount’s skill in solving chemical problems was remarkable. 
His power of getting at the root of the matter appeared almost 
intuitive, although in reality due to his undaunted perseverance 
in meeting every difficulty. It was ever his wont to seek simple 
causes—to hold his imagination in check. In a sense this was 
necessary, because his mission in life was to find remedies for the 
troubles of the engineer. Had it been otherwise, had it been 
possible for him to give full play to imagination, we should have 
had in Blount a fine researcher. As it is, his contributions to 
«ientific literature are not numerous, and are chiefly concerned 
vith the chemistry of cement and with points of analytical practice. 
is first publication was in this Journal (1885); some friend had 
ent him a sample of explosive pyrites, and the paper deals with 
the cause of the explosiveness, attributing it, on satisfactory experi- 
nental data, to liquid carbon dioxide contained in cavities in the 
uineral. Blount’s name does not again appear in the 7'ransactions 
wtil 1917, when, having determined to relax his personal attention 
to his clients’ interests and having devoted a room at home to a 
vell-fitted laboratory, he entered on a course of experiments testing 
the capabilities of the balance. Later, in conjunction with J. H. 
Sequeira, he investigated the origin of the colour of Blue John. 

VOL, CXIX. U 
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The Analyst and the Journal of the Society of Chemical Indust 
contain the rest of his original work. 

Blount was a clever writer, with a clear and incisive style; anj 
his tongue was even as his pen. His more permanent writings ar 
two text-books, “Chemistry for Engineers and Manufacturers” 
(with A. G. Bloxam) and “ Practical Electro-Chemistry,” a Mono. 
graph on Cement (with W. H. Woodcock and H. S. Gillett), and 
the articles on Cement in the “ Encyclopedia Britannica,” anj 
Thorpe’s ‘‘ Dictionary of Applied Chemistry.” His characteristic 
was his personality; careful about his assertions, he was careful to 


be assertive and generally carried conviction. It may fairly bell: 


claimed for him that his pertinacity was of great service to the 


country in 1915, when he insisted that the Government must makefl; 


cotton contraband; few knew what the struggle really cost him 
in nervous energy, and it is likely enough that his steady failure in 
health during the years that have intervened was in part due to 
his effort then. He died on April 9th, regretted by the many who 
found him a boon companion and a staunch friend; he never 
became domesticated. 

Blount joined this Society in 1890; he was a Fellow of the 
Institute of Chemistry and of the Society of Public Analysts, on 
the Councils of which bodies he did good service, acting as Examiner 
for the Institute for several years. He was one of the founders of 
the Faraday Society, and a well-known Associate of the Institution 
of Civil Engineers. A. G. B. 


ALEXANDER WYNTER BLYTH. 
Born Aveust 297TH, 1844; Drep Marcu 30rn, 1921. 


ALEXANDER WynTER Biytu, who died in London on March 30th, 
1921, was the son of a surgeon of Woolwich and was educated at 
King’s College, London, where he early showed his interest in 
chemistry. Having obtained the membership of the Royal College 
of Surgeons, he devoted his attention to public health work and 
eventually became Medical Officer of Health and Public Analyst 
for St. Marylebone and Public Analyst for the County of Devon. 
After occupying the dual appointment at St. Marylebone for 
upwards of thirty years, he resigned the medical portion, remail: 
ing Public Analyst until his death at the age of seventy-six. 
Wynter Blyth was a man of great ability and untiring energy; 
and in addition to occupying most of the honorary positions 00 
nected with public health affairs, including the presidency of th 


Sr L 
and y 
surviV 
stance 
domi 
Mancl 
with : 
Ballio 
Mathe 
in the 
later | 
Versit 


OBITUARY NOTICES. 


Wa incorporated Society of Medical Officers of Health and the Registrar 
i(the Royal Sanitary Institute, he found time to become a barrister- 
itlaw of Lincoln’s Inn and to write four or five books on hygiene 
and public health. 

As a chemist, Wynter Blyth was best known as the author of 
‘Mivo standard works—“‘ Foods: their Composition and Analysis,” 
ad “ Poisons: their Effects and Detection.” Both have passed 
through several editions, the last, on poisons, in the preparation 
of which he was assisted by his son, having only recently been 
published, and his death found him in the midst of the revision of 
“Foods,” another edition of which was shortly to be issued. For 
both these books he did a large amount of original chemical work 
in the investigation of new processes or in the attempt to improve 
the older ones described therein, his most recent researches dealing 
vith the reactions of the alkaloids and the separation of the acids 
of butter-fat. He was also engaged in experiments on micro- 
aystallography and was keenly interested in spectroscopic work. 
He was one of the pioneers of bacteriology in this country. 

Outside his work Wynter Blyth took a lively interest in everyday 
ifairs, was a genial companion, an enthusiastic motorist, and 
latterly a not unsuccessful farmer. 

As a man of his energetic temperament would wish, Wynter 


Blyth died quite suddenly in the midst of his work. He leaves a 
wn and two daughters and a large number of friends to mourn 
his loss, amongst the latter being many who were much indebted 
tohim for the help and kindness he was ever ready to extend. 


J. K.C. 


SIR LAZARUS FLETCHER. 
Born Marcu 3rp, 1854; Diep January 6TH, 1921. 


Sim LazARUS FLETCHER was born at Salford on March 3rd, 1854, 
and was the eldest of a large family of brothers, five of whom 
survive him. His father, Stewart Fletcher, was in humble cireum- 
stances, but was a man of much grit. In spite of the res angusta 
domi Lazarus Fletcher succeeded in getting his education at the 
Manchester Grammar School under the late F. W. Walker; and 
with the aid of a Brackenbury Scholarship he graduated from 
Balliol College, Oxford, with first classes in the schools of 
Mathematics and Natural Science. He was highly distinguished 
in the Junior Mathematical Scholarship in 1874, and two years 
later he gained the Senior Mathematical Scholarship in the Uni- 
versity. He then became Demonstrator in Physics under the late 
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Professor Clifton, 1875—1877, and Millard Lecturer in Physic, 
(Trinity College) 1877—1878. In 1877 he was elected to a felloy. 
ship at University College, which he vacated in 1880 on his marriage 
with Agnes, the daughter of Rev. Thomas Holme, of Moorside. 
Oldham. | 

In 1878 he became First Assistant under the late Professor Neyij 
Story-Maskelyne in the Mineral Department of the British Museum, 
and in 1880 he succeeded Maskelyne as Keeper. On the retirement 
of the late Sir William Flower in 1898 from the Directorship of the 
Natural History Departments of the British Museum, Fletcher was 
marked out to succeed him, but owing to the action of certain proni- 
nent zoologists he was passed over, and Sir E. Ray Lankester was 
appointed. In 1907 the latter retired when Fletcher was in very 
indifferent health, and no appointment was made for nearly two 
years. At last, in 1909, Fletcher became Director. He held the 
directorship until 1919, when the state of his health, which had 
been very precarious since a breakdown in 1906, compelled him to 
send in his resignation. On this occasion the Trustees passed a 
special vote of thanks, in which they recognise his eminent services 
to science, his loyalty to themselves, and his unselfish devotion to 
the promotion of harmonious relations amongst the Staff. 

At the time of Fletcher's first appointment the collection of mineral 
was on the point of being transferred from Bloomsbury to the new 
building in Cromwell Road, and naturally his time was mainly 
occupied with the duties connected with the safe transference of 
the specimens. 

His first paper is that read at the Crystallological Society and 
published in the Philosophical Magazine, 1880, [v], 9, 80, on “ The 
Dilatation of Crystals on Change of Temperature.” On the assump- 
tion that the physical and geometrical properties along all parallel 
lines in a crystal are the same, he shows that the planes of symmetry 
must remain unaltered, and that the rational (or even irrational) 
value of the anharmonic ratio of four tautozonal planes (fin 
established by W. H. Miller) is unchanged ; further that, as a sphere 
at one temperature becomes an ellipsoid at another, there is one 
triad of lines which are at right angles at both temperatures (Nev- 
mann’s thermic axes). He also proves that one triad of lines (not 
necessarily at right angles to one another) remains fixed in spact 
(atropic lines), and that an infinite number of triads maintain their 
mutual inclinations unchanged (isotropic lines). In anorthic erystals 
these several triads have no apparent connexion with one another, 
or with the crystallographic axes; and in the oblique system on 
thermic axis and one atropic line are alone fixed, being coincident 
with the dyad axis,of the crystal. But although each set of triadsis 
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established for the two definite temperatures, they are not necessarily 
the same for other temperatures ; although as the changes of temper- 
ature are gradual one naturally expects each set to undergo a 
gadual variation from one position to another. 

At the instigation of Professor von Groth the theory was tested 
by J. Beckenkamp but with unsatisfactory results, the most sur- 
prising one being that in a crystal of anorthite the minimum thermic 
axis for the pair of temperatures 20° and 80° varied by 26° 32’ 
from its position for the pair 20° and 200°. This unexpected 
variation gave rise to Fletcher’s second paper on the subject, which 
was published in three parts (Phil. Mag., 1883, [v], 16). He 
begins by a criticism of the Neumann formule employed by Becken- 
kamp. They seemed to him unnecessarily complex and likely to 
lead to errors, so he proceeds with consummate skill to work out 
the equations needed for the determination of the relations of the 
several sets of triads; and lastly he tests their accuracy with the 
aid of Beckenkamp’s measurements of gypsum and anorthite. 
The computations are very laborious, but his formule bring out 
results closely accordant with those of Beckenkamp, and he estab- 
lishes the change of position through 263° of the minimum thermic 
axis of anorthite, mentioned above, and leaves it unexplained. But 
ate crystals ever so ideally perfect as to give data sufficiently 
weurate for such investigations ? 

Another of his physico-mathematical memoirs is that on ‘“ The 
Optical Indicatrix and the Transmission of Light in Crystals (Min. 
Mag., 1891, 9, 278), which with some additions was afterwards 
published separately by Henry Froude of the Clarendon Press. The 
Indicatrix is an ellipsoid the principal axes of which are inversely 
proportional to the principal indices of refraction, and is identical 
inform with the ellipsoid of elasticity of several authors and with 
the ellipsoid of polarisation of Cauchy. By means of it Fletcher 
deduces all the principal phenomena of transmission which have 
been observed. The analysis is a model of skilful handling of 
problems of analytical geometry. In the introduction he points 
out that Fresnel’s deduction of the wave-surface was the result of 
happy generalisation, and is really independent of the inconsistent 
xt of assumptions on which he afterwards based it. As in other 
tases, Fletcher’s introduction is a lucid statement of the steps by 
vhich our present knowledge of the subject has been acquired, and 
can be readily followed without much special study. 

But the work by which he will be best remembered is the series 
of valuable memoirs on meteorites. They are of two classes: in 
one he investigates the history of several meteoric stones and irons— 
hore especially those discovered in Atacama and Mexico, There 
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was much doubt whether several of them, variously labelled eve, 
in the same museum, belonged to one fall or to several differen; 
ones. Here his incomparable knowledge of geography was mos 
helpful, and the minute care with which he followed every clue x 
to the history of a fragment, or of a complete mass, has done much 
to establish the true relations. This set of memoirs appeared jn 
the Min. Mag., 8, 146 (Chartres), 223 (Atacama); 9, 16 (Tucson), 
91 (Mexico); 12, 167 (Patagonia); and 14, 28 (Great Namaqua- 
land). 

The second class of papers deals with the methods of chemical 
analyses and the determination of the constituents of meteorites, 
They are to be found in Min. Mag., 7, 121 (Youndegin), 179 (Nejed), 
183 (Greenbrier); 10, 287 (Makariwa); 13, 1 (Zomba); and 45, 
147 on a possible compound, Fe,;Nis. The Makariwa and Zomba 
memoirs discuss the methods of analysis very fully, and are all 
but indispensable to anyone engaged in such investigations. They 
are clear in exposition and are critical in their estimation of the 
accuracy of the methods. But the mass of petty detail that has to 
be attended to is a great cleterrent from such work. It is evident, 
however, that no detail was too insignificant for him if it condueced 
to accuracy in the result. His thoroughness is conspicuous in the 
investigation of the minute crusts of cubic forms named by him 
cliftonite—a form of graphite which seems to resemble the thin 
lamine, recently described by Mr. J. R. Sutton (7'rans. Roy. So. 
S. Africa, 1921, 9, 87), which alternate with lamin of clear 
diamond. 

Fletcher’s ‘‘ Introduction to the Study of Meteorites,”’ published by 
the Trustees of the British Museum as a guide to the Collection, isa 
useful text-book not only for beginners but also for the curators of 
museums, for under each meteorite is given either the date of the 
fall, when this is known, or a reference to the journal in which 4 
full account of it is to be found. 

He wrote two other guide-books—one to the Collection of minerals, 
the other to that of rocks. Both are really elementary treatises 
on the subjects, giving much information on the history of the 
Collections, as well.as of the sciences they illustrate. 

As Keeper his time was much occupied with administrative duties, 
and he had to make the selection of new acquisitions. He thus 
had opportunities of first perceiving new or rare minerals, but he 
generally passed them on for investigation by one or other of his 
able assistants, with all of whom he was on terms of close friendship. 
He took up, however, two difficult substances, of which one, 
daviesite, consisted of extremely minute crystals projecting from 
the sides of a cavity two millimetres across. Of these crystals he 
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determined the crystallographic and physical properties, and also 
proved them to be a lead oxychloride. The second, baddeleyite, 
yas @ single small crystal of native zirconia. His determinations 
had to be made without serious injury to the specimen, and were 
fairly complete. They have since been confirmed by the discovery 
and examination of an ample supply of fresh material. 

His only contributions to the Journal of the Chemical Society 
consist of the determinations of the crystallography of two organic 
substances formed by W. H. Perkin (T., 1880, 37, 548; 1881, 39, 
446); and of another organic compound obtained by Messrs. 
Bedson and King (T., 1880, 37, 754). 

In 1916 Fletcher was knighted, and in the same year he married his 
second wife, Edith, who had been the devoted nurse and helper of 
her sister, his first wife, during long years of delicate health until 
her death in 1915. Lady Fletcher and an only daughter survive 
him. 

It is not necessary to dwell on the kindly nature of one who 
endeared himself to all his friends by his uprightness, sincerity, and 


unselfish loyalty, and delighted them by his quaint humour. 
W. J. L. 


DAVID HENRY NAGEL. 
Born NoveMBER 10rn, 1862; Diep SepremBer 27TH, 1920. 


Davin Henry NaGet was born at Dundee in 1862 and was educated 
at Dundee Institution and at Aberdeen University. In 1882 he 
was elected to a Millard Scholarship at Trinity College, Oxford, 
where he was to spend the rest of his life. As an undergraduate 
Nagel was distinguished by the breadth of his interests: not only 
did he find time to study other sciences besides his main subject, 
Chemistry, but in 1883 he gained the Taylorian Exhibition in 
German. He was also one of the founders of the Oxford University 
Junior Scientific Club, which has served a very useful purpose in 
bringing together men from different colleges engaged on different 
lines of scientific work. Nagel read Chemistry under Prof. H. B. 
Dixon (then Millard Lecturer at Trinity), and gained a first class in 
the Final Honours School in 1886. Two years later he was ap- 
pointed Lecturer in Physics and Chemistry at Trinity, and in 1890 
he was elected Fellow and Science Tutor of his College, of which 
he beeame Senior Tutor in 1907. 

In the laboratory which Trinity shares with Balliol, Nagel acted 
a assistant first to Prof. H. B. Dixon, and afterwards to the late 
Sir John Conroy, but for the last twenty years he was mainly 
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responsible for its work. Intended originally as a College laboratory, 
its scope was extended in 1904, when the two Colleges undertook 
to provide a practical course in Physical Chemistry for all under. 
graduates reading for the Chemistry School, thus making it virtually 
a University institution. In the planning and supervising of this 
course Nagel’s intimate knowledge of the physical aspect of chemistry 
and his skill in devising apparatus were invaluable. Successive 
generations of undergraduates owe much to his teaching. He was 
an admirable critic of laboratory work, with a quick eye to detect 
slovenliness or mistakes, but he was a most patient and kindly 
teacher, and would take endless pains to ensure that his students 
understood what they were doing, and why it should be done in a 
particular way. 

Nagel had an encyclopedic knowledge of chemical and physical 
literature and of experimental methods, which was always at the 
disposal of his colleagues, who rarely went to him in vain for in. 
formation and help, and his suggestions were almost invariably of 
practical value. Nevertheless he did hardly any original work, 
partly because he was too busy in other ways. But, as his former 
tutor has said of him, this was not the whole cause. ‘On one 
side there were difficulties, some lack of the fighting spirit, and, 
perhaps, a fear lest the road he chose to pursue might lead nowhere; 
on the other, there were his keen delight and critical appreciation 
of many lines of work, and the consciousness that his life would be 
more complete in unselfish devotion to others than in seeking 
fame for himself.” 

The outstanding feature of Nagel’s mind was his breadth of 
view on any question in which natural science was concerned. 
He had an almost universal acquaintance with the sciences and 
an unusually clear vision of their relation to one another. It was 
this which gave him a unique position in the Science Faculty at 
Oxford. He was seen at his best as Chairman of the Board of 
the Faculty of Natural Science. The clearness with which he could 
define the point at issue, his well-balanced judgment, his patience 
and his tact will always be remembered with gratitude by his 
colleagues. He was a member of almost every Board and Com- 
mittee in the Science Faculty, and he devoted himself unsparingly 
to the work of all these bodies; by his efforts to secure their due 
co-ordination he rendered a great service both to the University 
and to the cause of Science. 

Many other forms of University work claimed a share of his 
attention. He took a keen interest in the development of women’ 
education at Oxford. He was a delegate of the University Press, 
where his advice on technical points was of the utmost value. 4s 
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; delegate for local examinations, and for the inspection and 
samination of schools, he exerted a considerable influence on the 
aching of science in schools, and the fruits of his wide experience 
inthis sphere were of great service to the Prime Minister’s Com- 
nittee on the Teaching of Natural Science. 

In College his influence was felt everywhere, though exercised in a 
singularly unobtrusive way. His sympathetic and unselfish nature 
enabled him to understand and to get on with men of very varied 
types. In spite of the claims made upon him by his pupils and by 
his university work, his knowledge of all members of the College 
was astonishingly intimate, and a vivid interest in individuals 
enabled him to keep in touch with each successive generation. 
4s a colleague he was delightful. It was impossible for him to 
cause Offence or to make an enemy. His modesty almost amounted 
toa fault. No one could know him without placing reliance on 
his judgment. Always ready to discuss difficulties, great or small, 
he was at his best in helping others over stiles. - we 


H. A. P. 


WILLIAM ODLING. 


Born SEPTEMBER 5TH, 1829; Drep Frsruary 17TH, 1921. 


Tae year 1829 goes back to early days in the history of chemical 
theory. Dalton’s atomic theory was only twenty years old and 
Dalton himself was still living. Organic Chemistry, the youngest 
branch of the science, was not much older. Up to 1784 the com- 
position of not a single organic compound was known; in that year 
lavoisier proved that alcohol was a compound of carbon, hydrogen, 
and oxygen, and the chemistry of the carbon compounds had begun. 
In 1829, Faraday gave his first Bakerian lecture, and Graham 
published his first researches on diffusion. Laurent had just started 
on his European tour after taking his diploma of engineering. 
Gerhardt, Williamson, Frankland, Wurtz, and Kolbe were still 
schoolboys. Kekulé was born in the same year. 
George Odling, the father of William, was a medical practitioner 
in London, and became surgeon to the new police force. His 
son William was destined for the same profession, and after a 
private-school education entered Guy’s Hospital in 1846. Two 
years later he passed his first M.B. examination at London Uni- 
versity, obtaining gold medals for chemistry and materia medica. 
The chair in chemistry at Guy’s Hospital was held by Dr. Alfred 
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S. Taylor, well known as a toxicologist. Odling passed his secon 
M.B. examination in the first division in 1851 with honouy 
in physiology and comparative anatomy. He never practised 
medicine for himself, but for a time helped his father with hj 
practice. Although he never talked much about himself, he tolj 
his son how he came to give up a medical career for chemistry. |i 

happened that a lecturer at the Royal Institution was taken ill and J 
there was no one to take his place. Someone suggested that ther 
was a young doctor at Guy’s who was interested in chemistry and 
that they might try him. In the short time Odling had, he thought of 
nothing but the lecture day and night, and to such good purpose that, 
as he said when more than seventy : “ I gave one of the best lectures 
I have ever given in my life, with the result that I was asked to give 
a course of lectures at the same place and was appointed lecturer 
in chemistry at Guy’s Hospital.”” This must have been the lecture 
given at the Royal Institution in 1855 on “ The Constitution of 
Hydrocarbons.” He was a success at once, and had no long years 
of drudgery before recognition. His first book, a practical chemistry 
for medical students, was published in 1854 and went through five 
editions, the last in 1876. In the following year, 1855, the Cavendish 
Society published Laurent’s “ Chemical Method,” translated into 
English by Odling. He then went to Paris and studied under 
Gerhardt, who, doubtless impressed, as all must have been, by 
Odling’s kindly nature and charm of manner, wrote of him as 
“Yami Odling.” Odling became Secretary of the Chemical Society 
in his twenty-seventh year, and Fellow of the Royal Society in 
1859, being elected at his first candidature. At his death he was 
the senior Fellow but one. He was also elected in 1859 a Fellow 
of the Royal College of Physicians. He was the first medical officer 
of health for Lambeth, until the year 1862. At Lambeth he had the 
experience of an epidemic of cholera. In one street he found that 
all the houses supplied by one company’s water were free from 
cholera, while those supplied with water by the other company had 
cases of the disease. The former company supplied river water 
and the latter company water from a well which had been carelessly 
polluted. He was thus led to the belief that river water was the 
safer, because the natural purification was so great, whereas a well 
was easily contaminated and had not the same chance of purifying 
itself. Some years later he was appointed with Frankland to report 
on the Thames water between Kingston and Lechlade. They went 
up the river in a launch, taking samples of the water on the way. 
They found that the water became less pure the higher up the rivet 
the samples were taken. Frankland at first held that the Thames 
water was too impure to be fit for drinking, but Odling considered 
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that the natural purification that went on in a river was so great that 
it was safe to drink Thames water anywhere, and with this opinion 
Frankland ultimately agreed. Frankland and Odling went other 
and more adventurous cruises in the yacht “‘ Sophia,” which Frank- 
land kept at Cowes. One adventure is related in Frankland’s life : 
“Landed with Odling at Yarmouth, walked to Alum Bay, 


B rambled over the base of the cliffs at dead low water to the Needles 


and into Scratchell’s Bay. Tide began to come in rapidly, the water, 
having covered ledges of rock upon which we had stepped, rendered 
our return difficult; however, this was overcome by dint of wading 
until we came to a projecting ledge of rock, against the face of which 
the waves were dashing furiously with a mean depth of water of 
about 5 feet. This looked formidable, but nature did not desert 
her disciples in the hour of need, but opened a cleft in the rock 
through which (neither of us fortunately being aldermanic in our 
shape) we could just squeeze ourselves and thus elude the treachery 
of the waves.” 

Odling was for many years associated with Crookes and Tidy as 
examiner of the London Water Supply. He served as a juror at 
many of the exhibitions in London, in Paris, and in America. His 
advice was much sought after in legal cases. He condemned, in 
1857, the mode of treating the London sewage employed at that 
time. It consisted in mixing lime with the sewage and discharging 
the mixture into the river. He was sceptical as to the supposed 
eflicacy of the process, and claimed that, if it was employed at all, 
the sludge ought to be removed before any discharge into the river. 
He also condemned the proposed use of ferric chloride for the 
treatment in the same way of London sewage. 

In 1863 Odling was appointed to the chair of chemistry at St. 
Bartholomew’s Hospital, in succession to his friend Frankland. 
This was his first independent post. At Guy’s he had been 
demonstrator under Taylor. Five years later he succeeded Faraday, 
who had died in 1867, as Fullerian professor of chemistry at the Royal 
Institution. Here he delivered eleven courses of day lectures, 
including three of the Christmas courses of juvenile lectures, origi- 
nally initiated by Faraday. One of his Christmas courses was 
published as a book, entitled, “‘ The Chemical Changes of Carbon.”’ 
He also gave twenty Friday evening discourses, six of them before 
he became Fullerian professor. He resigned the chair in 1873. 
His book on ‘‘ Animal Chemistry,” published in 1866, is the sub- 
stance of a course of lectures given at the Royal College of Physicians. 
His “ Outlines of Chemistry,” published in 1870, is a book written 
in the form of lecture notes without the use anywhere of a principal 
verb. It is a mine of useful chemical information. 
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In 1872 Odling succeeded Brodie as Waynflete professor ¢ 
chemistry at Oxford. In the same year he married Elizabeth 
Mary, daughter of Alfred Smee, well known as the inventor in 184 
of “‘a new chemico-mechanical battery.’ Smee was an actiy 
investigator in other scientific subjects. His work on the potaty 
disease brought him also into public prominence, with the inevitabl 
result of much opposition and some satire. 


“ Showman. This is the aphis vastator, as you may see, 
Very much magnified by Mr. Smee. 
Boy. Please, sir, which is the aphis and which the tater! 
Showman. Whichever you like, my young investigator.” 


Smee was also the author of the book “ My Garden ”’ (his garde: 
at Carshalton). The Odlings’ garden at Oxford was planned by 
him. He died in 1877, and his life, written by his daughter, Mn. 
Odling, was published in the following year. Mrs. Odling died two 
years before her husband. There are three sons: George, who 
succeeded to his grandfather’s property, and took the name of 
Odling-Smee ; William, who joined the Army at the time of the Boer 
War and became Major in the Middlesex Regiment, serving as Lieut. 
Colonel in the late war; and Marmaduke, who was a demonstrator 
at Leeds University and at present is chemist in an iron works at 
Middlesbrough. 

In the early days of his Oxford professorship, Odling was elected 
President of the Chemical Society, succeeding Frankland in 1873 
and being himself succeeded by Abel in 1875. He had been 
Secretary, 1856—1869, and Vice-President, 1869—1873. He was 
thus a member of the Council without a break for sixty-five years 

Odling found at Oxford his former co-secretary at the Chemical 
Society, Vernon Harcourt, who was Lee’s Reader of Chemistry at 
Christ Church; W. W. Fisher was Aldrichian demonstrator of 
Chemistry; and Odling brought with him his assistant at the Royal 
Institution, Dr. John Watts, who has met with a remarkable success 
at Oxford as a college tutor. At first there was only one University 
laboratory, with accommodation for sixteen to twenty students. In 
1879 a large new building was completed, the main part of which 
was fitted up at once, and the rest as occasion required. In 19? 
there was a further building extension; so in thirty years’ time ther 
was accommodation for one hundred and twenty to one hundred and 
fifty students, besides private research laboratories. The time Wa 
the full tide of the Examination era; when some universities existed 
only to examine; when many universities and university colleges 
published their examination papers in their calendars ; as much as 0 
say: “ This is the main business of our professors.’’ Odling neve! 
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seemed fully to appreciate the high value and dignity of honours 
by examination. “I do not lecture for the examinations,” he said. 
He prepared his lectures with much care, and it was his practice 
to have a printed syllabus of each term’s course, sometimes a very 
full syllabus extending to more than thirty pages, in the style of his 
“Outlines of Chemistry.” It is doubtful if he ever repeated a 
course. He was asked once to repeat a course he had given some 
time before, but he refused. The writer had the experience of 
attending the lectures of Odling and of Kekulé in the same year. 
With points of difference, they were alike in their unassuming 
authority. There was nothing second-hand; they were the lectures 
of men who had been at the making of the science they taught. 
Odling was never the slave of his laboratory. Even in early life 
his taste was for the philosophic and speculative rather than for 
the practical side of the science. Instead of directing the research 
work of his assistants and students, he preferred to let them work 
out their own ideas, and he held that the “ best of all endowments 
for research is that with which the searcher, relying on his own 
energies, succeeds in endowing himself;” while he probably had 
little taste for research of the more stereotyped and made-to-order 
kind, he retained his keenness for new discoveries and new ideas. 
He showed the same enthusiasm for the new discoveries of Ramsay 
and the new ideas of van’t Hoff that he had shown in his youth for 
Graham and for Laurent. He took an active part in the affairs 
of the University, and for fifteen years, from 1893 to 1908, was a 
member of the Hebdomadal Council. He was for a time President 
of the Ashmolean Society, and he lectured to the junior scientific 
and chemical clubs. He also took an interest in the extension 
movement and gave the inaugural lecture at the summer meeting 
in 1894. In 1882 his “‘ Chemistry” primer was published. As it 
dealt with only a small section of the subject, it was possible to treat 
that section with some degree of fulness. One may say that it 
might have been written one hundred years earlier, and that it will 
not be out of date one hundred years hence. 

Odling was the third President (1883-1888) of the Institute of 
Chemistry, which was founded in 1877. It was during Odling’s 
presidency that the Institute obtained its charter. In 1907, on its 
thirtieth anniversary, the then President, Professor P. F. Frankland, 
said: ‘‘ The leaders who guided the destinies of the Institute at its 
inception were not men to be easily baffled by opposition, and in 
eight years from the time of our foundation they succeeded in 
obtaining for us the Royal Charter which has been a pillar of strength 
ever since. But for this, the most memorable achievement in our 
annals, the whole profession of chemistry owes a deep and permanent 
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debt of gratitude to our then President, Dr. Odling, that veteran of 
British science whose fame as a chemical investigator began mor 
than half a century ago.” 

Odling delighted in offering hospitality, and always had a welcome 
for his friends when they came to see him. But he was severely 
“not at home” to letters. On the writer asking for letters of 
scientific interest, he was informed that there were a great many 
letters, mostly from people asking for a reply to a previous communi- 
cation. In one batch there were a number of letters unopened, 
ending with a prepaid telegram also unopened, all from the same 
source, and all carefully preserved. A friend of his says: “| 
wanted a reply from Odling on a matter which, at the time, I thought 
important. Letters had been of no avail. At his house I was told 
he had gone to Bournemouth. So I took a return ticket and the 
next train to Bournemouth. Mrs. Odling, who evidently knew 
why I had come, was inclined to be apologetic. Not so the professor. 
He was delighted to see me, took it as the most natural thing in the 
world that I should come to Bournemouth to see him, invited me 
to lunch and all that, and settled my business in a few minutes. 
I thought the whole thing was worth the expense ; a prepaid telegram 
would evidently not have been. I also thought it was a gentle and 
effective way of hinting that the man of fussiness is not necessarily 
the man of business.” 

Odling was interested in literature, in art, and in the drama. 
He had a fine collection of engravings. In his youth he had many 
friends among actors. He was a member of the Garrick Club as 
well as of the Atheneum. When he was eighty he began to learn 
Spanish and attended a congress at Madrid, and was elected an 
honorary member of the Spanish Physical and Chemical Society. 
As early as 1875 the honorary degree of Ph.D. was conferred on him 
by the University of Leyden. 

Odling was more than fifty before the writer of this memoir came 
to know him. Some friends of his who have known him longer 
have been good enough to contribute some personal memories of 
him for this memoir. 

Sir William Tilden writes : “ Probably no one who was not present 
at the meetings of the Chemical Society during some of the years 
when Odling was secretary can appreciate at their true value the 
services rendered by him to the progress of chemical theory in 
England. It is mainly due to his activity and clear vision that, in 
spite of the general sluggishness of chemical opinion at that time, 
the reforms introduced by Gerhardt, and especially by Cannizzaro, 
were accepted by his contemporaries. I was then working » 
Stenhouse’s private research laboratory, where the isolation of 
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vegetable principles was the prime business, without reference to 
theory of any kind, and where any disturbance of the long-established 
Berzelian system of atomic weights and notation was viewed with 
an unfriendly eye. Stenhouse even went so far as to caution me 
against Odling’s new manual, of which Part I only appeared in 1861, 
the author of which he denounced as ‘ a fantastical chap.’ But this 
can only be received as an indication of Odling’s influence, which is 
further proved by the fact that the book was soon afterwards 
translated into German. Part If never appeared. 

“An acknowledgment by the Chemical Society is found in the 
fact that Odling was chosen at the Jubilee in 1891 to give the 
history of the changes in theory since the foundation of the Society. 

“Tt is remarkable that Odling, with his powerful grasp of prin- 
ciples, did so little in the way of experiments. Like some other 
men of strong individuality, he probably preferred dealing with 
men and affairs to the patient pursuit of detail in experimental 
inquiry. If that is true, it was all the more remarkable that he 
should have chosen for investigation such a subject as the platinum 
bases, when he found himself in the laboratory of the Royal 
Institution. This did not carry him very far, and only one Friday 
evening discourse on the subject was given, in June, 1870. The 
report of this affords a characteristic example of his style. 

“ Frequenting the meetings, as I did, of the Chemical Society 
from 1863 onwards, I can recall the figure of Odling in those days 
as that of a smart, bustling young man, usually arrayed in a close- 
buttoned frock coat, showing a white waistcoat beneath, in some 
contrast to the rather slovenly figures of some of his contemporaries 
—Hofmann, for example. His precocity is referred to in Field’s 
thymes * (‘A Chemical Review,” by A. B., 1863). He became a 
Fellow of the Society in 1848, when he was but nineteen years of 


* Sir William Tilden must refer to the following lines :— 


‘* Odling well-known since boyhood’s merry hours 


And I return, and find the quondam lad 

Hath sprung to fame, and carrying on like mad ; 
A Guy’s professor M.B., nothing less 

Our secretary, and an F.R.S. 

Writing a work symbolical and quaint 

With names to tease the patience of a saint.” 


or this, in 1867 :— 


** And Odling comes next so forensic and bold, 
With a visage as fair and as fresh as of old; 
Though he looks so good-natured, I think he can rule 
The noisy recruits in Bartholomew's School.” 
VOL, CXIX. x 
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age, and merely a medical student. But so early as 1856 he became 
one of the two secretaries, being associated apparently by way of 
contrast with Professor Theophilus Redwood, who at the meetings 
sat ‘ with stolid look and philosophic mien,’ but never uttered q 
word.” 

Mr. H. T. Gerrans, Senior Fellow of Worcester College, writes — 

“On June 18th, 1872, Dr. Odling was elected to a Fellowship at 
Worcester College, Oxford, which he held throughout the tenur 
of his professorship, and on his resignation of the latter he was 
elected Honorary Fellow of the College. 

* Under the Ordinance of the Oxford Commissioners which was 
in force in 1872, the Provost and Fellows were empowered to elect 
to a Fellowship the holder of a University professorship, and the 
mention to intending candidates for the chair of the probability of 
their taking action under this Ordinance was authorised by the 
governing body. 

“It has been the custom of the college to hold annually two 
Stated General Meetings, to which non-resident Fellows were 
summoned, and, much more frequently and whenever necessary, 
meetings of resident Fellows for the transaction of the less formal 
business of the College. Dr. Odling was a regular attendant at 
Stated Meetings, and his assistance and advice were greatly valued. 
To the other meetings, although he resided in Oxford, he was not 
summoned unless matters of importance were under discussion. 

“* He was on the best of terms with his colleagues, and the present 
writer can record numerous acts of kindness. On occasions when 
there was a difference of opinion on college policy, Dr. Odling took 
great pains to acquaint himself with the views of both sides and 
endeavoured (often with marked success) to secure a working 
agreement. 

“He had no share in the college teaching, but his invaluable 
advice on matters of art was always at our disposal.” 

Odling’s original work in chemistry began at the close of one 
of the stormy times in the history of chemistry. The theory d 
compound radicals * (Lavoisier’s radicaux hydrocarboneux ¢ 
carbonhydreux), pushed to extreme limits by Berzelius, became 
unable to adapt itself to the discoveries of Dumas and Laurent it 
Substitution. The story has often been told, perhaps nowhere 
better than in the introduction to Kekulé’s “ Lehrbuch.” The 
temper of the combatants was often short, and the language d 
some of them violent and not always polite. ‘“‘ Wenn Dums 
erkliren wiirde dass er den Wasserstoffgehalt in Chloral durch di 
Analyse und zwar mit Genauigkeit bestimmt habe so halte ich dit 


* I use the older spelling, which Odling himself strongly advocated. 
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fir Charlatanerie ” (Annalen, 1840, 33, 167). It is reassuring to learn 
that thirty years later Liebig and Dumas dined together amicably 
in Paris, although on opposite sides of the table. “ Herr Ger- 
hardt’s Verfahren hat in den letzten Jahren auf mich immer den 
Rindruck eines Strassenrauber’s gemacht” (ibid., 1846, 57, 117). 
“They called Gerhardt a brigand,” said Odling, “and he certainly 
looked like one.”’ “‘ J’étaisun imposteur, le digne associé d’un brigand, 
etc., et tout cela pour un atome de chlor mis a la place d’un atome 
dhydrogéne, pour une formule corrigée’’ (Laurent, “ Methode de 
chimie,” p. 248). Odling took the side of Laurent and Gerhardt. 
He translated Laurent’s ‘‘ Methode de Chimie,” and published his 
first paper in the Journal of the Chemical Society in 1854. In this 
paper, ““ On the Constitution of Acids and Salts,” the idea of 
valency as replaceable value of the atoms and radicals is introduced. 
Valency is represented by dashes thus: K’, Sn”, Bi’, H’, O”, 
NO,’, SO,"". He uses for valency the terms equivalency and 
replaceable, representative, or substitution value. He represented 
polybasic acids on the multiple water type by replacement of two 
or more hydrogen atoms by multivalent radicals, in particular 


phosphoric acid as derived from the triple water type 1) QO, by 


replacement of three hydrogen atoms by the triad radical PO’, 
PO'’”’ \ 
Hy J 
acid more complex than orthophosphoric, and related to it as a 


dichromate to a chromate; sell ll } He introduced 
2 


thus O,. Metaphosphoric acid he regarded as an anhydro- 


the terms monad, dyad, triad, etc. The first two had been used 
by Laurent in a different sense. Laurent’s monads and dyads 
Odling called artiads and perissads. He always insisted on the 
distinction between combining value and replaceable value, calling 
one ‘ desmicity ’ and the other ‘ adicity.’ The first idea of valency 
is, however, older than Odling. It is found vaguely in Dalton’s 
atoms and in the law of multiple proportions. It is definite enough 
in Graham’s recognition of the first polybasic acid. Many others 
have developed it further. It still waits for final definition. Kekulé, 
who was in England at the time and published his first paper in 
the same year, says, ‘“‘ By means of a friend I became acquainted 
with Williamson. The theory of polybasic radicals was being 
developed, With Williamson was also associated Odling. It was 
an excellent school to encourage independent thought.” Odling’s 
paper on “ The Constitution of Hydrocarbons ”’ was the subject of 
his first lecture at the Royal Institution (R. J. Proc., Vol. Il). 
He accepts the radicals as convenient groupings, but not as definite 


x2 
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entities. Instead of a single radical for each substance, he admits 
as many radicals as possible. Thus he regards marsh gas as hydride 
of methyl, H-CH,, dihydride of methylene, H,*CH,, trihydride of 
formyl, H,-CH, and tetrahydride of carbon, H,°C. He gives a final 
complete form to the type theory by adding the fourth, or marsh 
gas, type to the other three—HCl, H,O, H,N, H,C. Of the 
series of lectures instituted by the Chemical Society in 1854, Odling 
gave the seventeenth in 1858. It was on the “ Atomic Weights of 
Oxygen and Water,” and was the first of the series to be published. 
In it he gives convincing reasons for the atomic weight O = 16 
and for the molecule H,O instead of O = 8 and HO or H,0,, as 
generally in use at that time. These reasons he further developed 
in his “* Manual of Chemistry,” published in 1861. In the Manual 
he also gave O, as the molecular formula of ozone. The foundation 
for this was perhaps a little slender at the time, but his view was 
amply supported by the later work of Soret and of Brodie. In 
the Manual he adopted the plan of treating chemistry as a whole 
without subdividing it into organic and inorganic. The Manual 
had one defect in missing the Cannizzaro revision (Odling was not 
at first convinced by Cannizzaro). Consequently, while the atomic 
weights of the non-metals and of the perissad metals have their 
modern values, those of the dyad metals have oniy the half values. 
Possibly this is the reason why only Part I was published. Selec- 
tions of Part If were published in the Chemical News, and a good 
deal still exists in manuscript. He received numerous congratu- 
latory letters on the Manual, with some criticisms. Frankland 
wrote : “ The chapter on general considerations pleases me exceed- 
ingly—still, I must join Brodie in his complaint about your new 
words.” We have already had some of his new words—of some 
such as ‘hygroscopicity,’ ‘dehydrateability ’ and the like, the 
meaning is obvious. Others, such as ‘ Klumene,’ ‘ Xenoene, 
‘Stylous’ oxide, need explanation. Brodie wrote: “It seems 
to me by far the most scientific text-book we possess.” And 
Wohler : “ Wertvoll und belehrend selbst fiir uns Alten durch 
die neuen Theorien und Grundsiatze die darin klar und _ fasslich 
gegeben zu sein scheinen.”’ Odling wrote several of the articles 
in Watts’s Dictionary, which began to appear in the early ’sixties, 
in particular, those on “ Atomic Weights ” and on “ Metals, Atomic 
Weights and Classification of,’ the former before and the latter 
after the Cannizzaro revision. He had fought hard and long for 
the atomic weight of oxygen, but chemists were slow to abandon 
the old system. Even Frankland was not yet (1861) convinced. 
He writes: “ You have doubtless a balance of the argument on 
your side. Nevertheless, I hold that more than even a considerable 
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jalance is necessary to justify a change in such an old-established 
thing as the atomic weight of oxygen.” The doubling of the 
atomic weight of carbon was a necessary consequence. As late as 
1893 the writer attended lectures in Paris of professors who still 
ysed the old atomic weights. The position and valency of alumin- 
jum then occupied Odling’s attention. It had been grouped with 
ion. No compound was known which contained one atom of 
aluminium in the molecule. Hence its valency was doubtful. 
(dling, in conjunction with his brother-in-law, Buckton (Proc. 
Roy. Soc., 1865), prepared aluminium ethide and methide and 
determined their vapour densities, in this way proving aluminium 
to be a triad. He proposed, therefore, to group aluminium with 
boron, and supported his proposal by general analogies, and the 
isomorphism of boracite, MgB,O,, with spinel, MgAl,0O,. To 
the natural grouping of the elements, a subject on which he had 
witten as early as 1857 (Phil. Mag., 13, 423), he gives a very definite 
form in 1864 (Quart. J. Sci., 1, 642). He arranges the whole of the 
cements into groups in the order of their atomic weights, with gaps 
for undiscovered elements (for example, gallium and germanium). 
In particular, he considers the differences between the atomic 
weights of analogous elements, and points out that those which 
have the greatest analogy have a nearly constant difference of 
48 in their respective atomic weights. ‘‘ Seeing,’ he says, “ the 
large number of instances in which the atomic weights of proximate 
cements differ from one another by 48, or 44, or 40, or 16, we 
cannot help looking wistfully at the number 4 as embodying 
somehow or other the unit of a common difference.” 

Odling’s classification of the silicates, begun in 1857, was elabor- 
ated in several papers. The experiments of York (Phil. Trans., 1857) 
had shown a variable equivalent for silica with regard to the 
particular alkaline carbonate with which it reacted. Odling shows 
that this variability depends on the relative ease with which 
carbonic acid is expelled from the several alkaline carbonates. 
The silicates may be regarded as derived from an ortho-acid, H,SiO,, 
a meta-acid, H,SiO,, and a 3- or para-acid, H,Si,0;, somewhat 
analogous to the phosphoric acids. The alkaline silicates are, 
ortho Li,SiO,, meta K,SiO,, para Na,Si,O,. In each class are 
found numerous examples among the silicates found in nature, 
for example, olivine, ortho Mg,SiO,; augite, meta (CaMg)SiO, ; 
serpentine, para Mg,Si,O,. Ortho-acids he derived from the 
hydrides, HCl, HC1O,; H,S, H,SO,; H,P, H,PO,; H,Si; H,Si0,; 
4 view which he defended experimentally by the direct oxidation 
of HCl to, in the first instance, HCIO, the subsequent conversion 
to HClO, being brought about by the action of heat. Meta- and 
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para-acids are derived from the ortho, either by loss of water or 
by addition of anhydride. His views on the platinum ammonia 
compounds were based on an ingenious but somewhat distant 
analogy. They were given in the Philosophical Magazine, 1869, in 
a lecture at the Royal Institution, and in the “ Outlines,” 
He compares ammonia to methylene, and metal ammonias to 
methylene and condensed methylene compounds as expressed by 
the following formule : 

CH,, methylene ; NH, ammonia. 

HCICHg, methyl chloride; HCl-NH,, ammonium chloride. 

ClCH, CI'NH, 

H-CH, Ag NH, 

Similarly, copper ammonium chloride, CuCl,,6NH3, and calcium 
ammonium chloride, CaCl,,8NH 3, correspond with propyl chloride 
and butyl chloride respectively. There are also several papers on 
notation and classification, in particular on the classification of 
the paraffin hydrocarbons. Odling was sometimes a little casual 
in the publication of his ideas. Thus the marsh-gas type is given 
in a lecture, the constitution of ozone in the ‘ Manual,” and the 


constitution of bleaching powder, One in the “ Outlines.” 


Odling retired from the professorship at Oxford in 1912. In the 
first year of his retirement he seemed somewhat restless. Then he 
settled down to write another book, and that on a subject which 
rather surprised his family and friends. It was called “ The 
Technic of Versification.’”” To the mere chemist it appears like a 
kind of type theory of verse with a symbolic notation, almost 
chemical. It was written in his favourite style without the use of 
any principal verb. It contains a fine anthology of English poetry. 
There is no incongruity here, that poetry should appeal to a man 
of science. Is not Discovery the poetry of Science? The book 
was dedicated to his wife. He died two years after her, on February 
17th, 1921. His friends will think of him, in Gerhardt’s happy 
phrase, as “ l’ami Odling,’”’—and they will miss him. 

J. E. Marsu. 


PERCIVAL SPENCER UMFREVILLE PICKERING. 
Born 1858; Diep DecemBer 5TH, 1920. 


By the death of Spencer Pickering on the night of Sunday, 
December 5th, 1920, science loses a man of keen critical ability, 
able to think independently of current dogma, and fearless i 
accepting the conclusions which he drew from experiment. 
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Pickering was born in 1858, the son of Percival A. Pickering, Q.C., 
ud Anna Maria, daughter of John Spencer Stanhope and grand- 
daughter of the famous Coke of Norfolk, Earl of Leicester. 
Pickering was proud of his family and spent much time in writing 
thir records and tracing their connexions and _ relationships. 
He inherited from his father ample private means and throughout 
his life remained outside professional chemistry: he took only 
oe appointment-—that of Lecturer in Chemistry at Bedford College 
-and did not retain that for long. 

He was educated at Eton and entered Balliol on January 
/%h, 1877. He became Brackenbury Natural Science Scholar; 
took Responsions in Michaelmas Term, 1877; “ Pass Mods,” in 
1878, and both the ‘‘ Preliminary Examination” and the “ Final 


“lum Hf Honours’ in Natural Science in Michaelmas Term, 1879—a not 
sp unusual procedure among the better men of that time. He went 
7 down after the Lent Term, 1880. 

no 


His independent spirit showed itself in a series of papers which 
he sent to the Chemical Society in his early student days: his 
first paper in 1878 on the reaction between sulphuric acid and 
copper, in which he declined to accept thé current explanation, 
and his second, horribile dictu, controverting a paper recently 
published by his tutor, W. W. Fisher, on the interaction between 
manganese dioxide and hydrochloric acid, and showing with all 


h ; 
a the assurance of youth that the statements of fact in Fisher’s 
he @ Paper were wrong, and that, even had they been correct, they 
bs would not have justified the conclusions drawn. After leaving 


Oxford Pickering set up a laboratory in his mother’s house at Bryan- 
stone Square, where he further investigated some of the inorganic 
substances he had studied at Oxford—manganese dioxide, copper 
sulphide, aluminium sulphate, etc. 

He was, however, now beginning more serious work, and 
he studied the physical properties of solutions of acids, alkalis, 
and of certain salts, plotting the results and drawing conclusions 
as to the behaviour of the dissolved substance in the solution. 
He began a study of the heats of hydration of salts and followed 
this up with an investigation of the heat of dissolution of salts 
and the thermal phenomena of neutralisation. He was early led 
to the view that solution was not a purely physical process as had 
been supposed, but was the result of “ residual affinity” of salts 
in virtue of which combination was possible with molecules of 
water. This view was published in 1885 and developed in 1887 
(T., 1887, 54, 593), and in subsequent papers before the Chemical 
Society. In his own words: “ Atoms in combining do not, in 
most cases, entirely saturate each other, but the molecules formed 
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exhibit a certain residual affinity capable of being saturated with 
other molecules. The atom possessing the smaller valency is not 
(necessarily) entirely saturated by that possessing the higher 
valency. It is due to the residual affinity of either the non-metallic 
or metallic radicle in a salt molecule, and not to that of both radicles, 
that water becomes attached to the salt.” 

Other physical measurements followed; density, electricity, 
conductivity, heat capacity, expansion by heat, freezing point of 
solutions of various concentrations; these were dealt with in 
long and elaborate paper in 1890 (T., 1890, 57, 64). 

An inspection of the experimental curves brought out little: 
the first differentials were therefore calculated and then the second: 
these were found to lie on intersecting straight lines, and, no matter 
what property was under investigation, the changes occurred at 
the same points. Moreover, these points corresponded to definite 
simple hydrates. It was recognised that the method required 
figures of a high order of accuracy, but Pickering believed that he 
had attained this, and worked out his data to four or five decimal 
places; for example, among the heats of evolution on mixing 
sulphuric acid with water he gave (¢' — ¢)° as 0°2628. Subsequently 
he claimed to have prepared some of the hydrates indicated by 
the breaks. 

These views seemed entirely opposed to those put forward by 
Arrhenius in 1888, according to which dissolved electrolytes dis- 
sociate in solution. A considerable controversy arose which is 
ably summarised by the protagonists themselves in Watt’s “ Diction- 
ary of Chemistry ” (1894), under the heading “ Solutions,’ Arrhenius 
and Pickering each contributing accounts of their own views. 
On reading these articles to-day the differences seem less than 
they probably appeared at the time. Arrhenius admitted that 
his hypothesis held only for dilute solutions and that concentrated 
aqueous solutions gave greater values than he expected, to explain 
which he assumed an attraction between the water and the dis- 
solved substance. Pickering admitted that his experiments wer 
confined to concentrated solutions, but argued that hydrates 
continue to exist when such solutions are diluted. He further 
maintained that the molecule of dissolved substance being thus 
combined with a large number of molecules of water would be 
equally attracted in every direction, and, as the magnitude of the 
force exerted by each individual water molecule must be small, it 
would move easily in any direction and act as if it were in the 
gaseous state. Finally, if the residual affinity of the atoms wer 
great, the interaction with the solvent molecules would be pro 
portionally great and the amount of affinity utilised in holding them 
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together might equal that utilised in attaching them to the solvent 
molecules, in which case there would be an equal distribution of 
sfinity changes over the atoms, which could then move in any 
direction. There seems here a sufficient basis for compromise, 
but Pickering was never the man to deviate from a conclusion 
drawn from experiments, and he resolutely insisted on the funda- 
mental nature of the difference between the chemical and the 
physical schools. 

In 1890 he had been elected into the Royal Society, and he 
continued publishing papers on the hydrate hypothesis of solution 
until 1896, by which time nearly 100 papers had appeared. 

But Pickering’s interests were by no means confined to physical 
chemistry. Soon after he left Oxford, and during the whole of the 
time when these investigations were proceeding, he made weekly 
visits to Harpenden, which, although only a village, was already a 
place of scientific associations, having among its inhabitants no 
fewer than four Fellows of the Royal Society—J. B. Lawes, J. H. 
Gilbert, Robert Warington, and Richard Lydekker. It is stated 
that he came for the sake of his health; he had lost the sight of 
one eye while yet at school through injury by broken glass as 
the result of an explosion, and a second accident to the same eye 
five years later (in 1878) caused by a tennis ball, necessitated its 
removal; as a result he was not very robust in health; but it 
sems to have been more than valetudinarian considerations 
that impelled his weekly visits to Harpenden. When he came to 
the village he did not live in the grand style, but worked in the 
fields as a labourer among the labourers, drawing and spreading 
manure and shrinking from none of the tasks that they were re- 
quired to perform. It was the time of William Morris and of 
Toynbee, and Pickering was essentially a man to prove all things 
by direct personal trial. In 1885 he bought a house in Harpenden 
and spent more and more of his time there, until in 1902 he gave 
up his London house altogether. 

After 1896 Pickering ceased publishing papers for more than 
ten years, but he was not idle. His interests were changing. In 
1894, in conjunction with the Duke of Bedford—an old school 
and college friend—he laid out a field at Woburn as an experi- 
mental fruit farm, to do for fruit what Lawes and Gilbert had 
done for agricultural crops. But although the work was different 
the spirit was the same : no matter how widely recognised a practice, 
or how heavily supported by authority, he would boldly challenge 
it by making the direct experimental test. Such a man could 
hot expect to be popular with the pundits. Their attitude was 


well—albeit unconsciously—expressed by an expert writing in a 
x* 
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horticultural journal when the farm was closed after twenty-six yean 
of solid work: While regretting the cause, the ill-health of \; 
Pickering—the writer was “on the whole glad that the farm was 
closed.” But while Pickering lived he mercilessly tested acceptej 
dogma and thoroughly enjoyed the discomfiture of the “ experts” 
when fruit trees planted wrongly, manured wrongly, and managed 
wrongly, nevertheless made better growth and produced better 
crops than the controls treated on conventional lines in accordance 
with accepted practice. In spite of the care taken in the experi. 
ments, the practical value of the work undoubtedly suffered from 
the fact that the conditions of soil and climate at Woburn differ 
from those of the typical fruit areas, whilst in the early days the 
management of the trees was not beyond reproach. Some of 
the more important experiments are now being repeated under 
more normal conditions at the Long Ashton Research Station. 
No fewer than seventeen Reports were published by Pickering and 
the Duke of Bedford, and the 18th Report is about to be issued. 
The results were summarised in 1919 in Pickering’s book, “ Science 
and Fruit Growing.” 

Perhaps his most important work from the physiological point 
of view was concerned with the mutual effects of one growing crop 
upon another. This arose out of an observation at Woburn that 
the effect of growing grass round apple trees is to arrest all healthy 
growth and absolutely to stunt the tree. The effect might have 
been due to various causes—changes in aeration, temperature, water 
supply, food supply, or physical condition of the soil, but careful 
experiments failed to show that any of these factors came into 
play. Further experiments indicated that plant roots gave of 
something toxic to other plants. Pickering made efforts, but 
without success, to isolate the substance and concluded that it 
was very unstable, easily oxidising to produce another substance 
beneficial to plant growth. Other experiments brought out certain 
remarkable differences between vegetative growth and fruiting 
which are not yet explained : he found, for example, that manures 
were almost ineffective on fruit trees, although they behaved to 
bush fruit as to agricultural crops. Detailed studies were made of 
several of the more important washes and sprays—including 
Bordeaux mixture—which were removed from the realm of em- 
piricism and put on a sound chemical basis. This work brought 
him once more into pure chemistry, and in 1907 he began pub- 
lishing papers on the basic and complex salts obtained during the 
fungicide investigations. The soil work then beginning at Rothamsted 
attracted him and he carried out interesting and suggestive work 
on the action of heat and antiseptics on soils and on flocculation. 
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In the 1890 paper there is a little touch that reveals the whole 
man. Amid the austere array of figures and deductions there is a 
flash of romance that would not be subdued—a graceful reference 
to the patience and accuracy of “a little girl who had devoted 
all her spare time to the laborious calculations involved in the 
present work.” Seven years later the “little girl” became his 
wife and for twenty-three years thereafter his inseparable com- 
panion. As in his papers so throughout his life, and even at the 
end, the vein of romance would peep out in spite of rigid self- 
repression ; it revealed itself in his taste in art, in music, in literature, 
and in his last request to be buried in a rock at Woollacombe in the 
path of the sun, overlooking the western sea. 

But his love of science never faltered : he had no children, and, 
subject to his wife’s life-interest, leaves the bulk of his fortune 
to the Royal Society for the promotion of science, especially those 
branches that had interested him. 

E. J. R. 


JOHN SHIELDS. 
Born May 24TH, 1869; Diep OctroBEr 31st, 1920. 


Joun SureELpDs, the son of a prosperous farmer of the Lothians, 
was born near Bathgate on May 24th, 1869. He received his 
elementary education at Bathgate Academy and at Daniel Stewart's 
College, Edinburgh. At the age of seventeen he entered the 
University of Edinburgh as a science student, and it is at this 
period that the present writer, who was then a demonstrator in 
the Chemistry Department, first made his acquaintance. Shields 
was a tall youth with a country freshness about him, keen on his 
work, and of an intense seriousness—broken by flashes of a dry, 
pawky humour. His mode of work at that time gave little promise 
of the neatness and exactness of manipulation which characterised 
him later: his bench was constantly swimming with reagents, 
but yet he had the knack of always getting accurate results. He 
graduated as B.Sc. in Chemistry and Physics in 1889, and then 
proceeded to Strassburg, studying under Fittig and Kohlrausch, 
and receiving the degree of Ph.D. in 1890 for a thesis on “ The 
Reduction of Phenylparaconic Acid and Phenylbutyrolactone.” 
The “ Joseph Black ” prize was awarded to him by the University 
of Edinburgh in the same year for an essay on “ Condensation.” 
On his return to Edinburgh in 1891 he gained the Hope Chemistry 
Prize and an 1851 Exhibition Scholarship. The winter of 1891— 
x* 2 
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1892 he spent in Leipzig under Ostwald, and the following summer 
with Arrhenius in Stockholm, where he carried out a fundamental 
research on the extent of hydrolysis in aqueous solutions of salts 
of weak acids. The second year of his scholarship was passed 
in University College, London. He there collaborated with Ramsay 
in the well-known investigation of the molecular weights of liquids 
by the method of surface-tension. A pair of co-workers better 
matched in diversity could not well be imagined. To those priy- 
ileged to watch the progress of the investigation it was a source 
of unfailing enjoyment to see the clash of temperaments of these 
two Scots—Ramsay, burning with perfervidum ingenium, impatient 
for more and ever more results; Shields, calm, cautious, critical, 
never quite convinced that that last capillary was really clean, 
insisting on repetition and the utmost attainable accuracy. A 
reference to the original paper will show how well the collaboration 
succeeded. 

Towards the end of 1893 Shields entered the service of Ludwig 
Mond, and during the succeeding five years carried out for him 
researches in pure science and in technology, amongst those pub- 
lished being important investigations on the absorption of hydrogen 
by platinum and by palladium. The next three years Shields 
spent at Leven, Fifeshire, as technical adviser and works chemist 
to the Scottish Cyanide Company. This company was working 
a process for the production of cyanide by the fixation of atmo- 
spheric nitrogen, but found difficulty in manufacturing a market- 
able product. Under the advice of Shields the process and plant 
were remodelled and a satisfactory cyanide was at length obtained, 
too late, however, to save the company financially, as the South 
African War had for the time practically ruined the cyanide market. 
Shields thereupon renewed his relations with Mond, and for the 
next two years executed in his service special technical researches. 

In 1903 he was appointed Chemical Engineer to the Rio Tinto 
Company, his work being at first of an advisory nature in London; 
but after a few years he became Chief Chemical and Metallurgical 
Engineer at the mines near Huelva, spending part of the year in 
Spain and part at home. He was responsible for all the processes 
connected with the treatment of pyrites and its products, including 
the production of sulphuric acid and superphosphate as well as 
the copper extraction; he supervised the research work connected 
directly and indirectly with these processes, and designed and 
constructed plant embodying the results of his discoveries and 
inventions. About Christmas 1919 Shields resigned his position 
with the company and returned to London. It was his intention 
to take up fresh work, but towards the middle of 1920 he showed 
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signs of failing health. In August, Shields, who was always a 
keen sportsman, caught a chill while shooting in Scotland, and 
gradually developed an illness which culminated in his death of 
bronchial pneumonia on October 31st at his home in London. 

Shields was a practical man through and through, and was 
possessed of rare constructive and manipulative skill: the theor- 
etical aspect of chemistry interested him but little, save in so far 
as it guided and influenced practice. He was a genial companion 
and an interesting talker, especially on the subject of his Spanish 
experiences. Indeed, he seemed to have acquired during his stay 
in Spain something of the atmosphere of the country, his strikingly 
picturesque appearance in later years giving more than a suggestion 
of the Spanish hidalgo. 

Shields married, in 1895, Miss Jane H. G. Murray, daughter of 
Mr. J. L. Murray of Heavyside, Biggar. He is survived by her 
and by two married daughters. J. W. 


LEONARD PHILIP WILSON. 


Born 1879; Diep OcToBeEerR 16TH, 1920. 


A REGRETTABLE consequence of the choice of an industrial career 
by the young chemist is that henceforth his doings are largely 
hidden from the chemical world; for this reason probably few 
realise how great a gap the early death of L. P. Wilson has left 
in our ranks. His achievements and knowledge entitle him to 
a place in the very first rank amongst British industrial chemists 
of his own age, although a certain modesty, amounting almost to 
shyness in public, prevented his accomplishments from becoming 
widely known. 

The precise part his work played in the wonderful achieve- 
ments of the artificial silk industry is, of course, known only to 
Messrs. Courtaulds, but it is understood to have been not incon- 
siderable : throughout his career he showed marked originality. 

Wilson was educated at St. Dunstan’s College, Catford, and thus 
early came under the inspiration of C. M. Stuart, himself a chemist 
of no mean ability, and a most capable teacher. The positions 
taken in the chemical world by W. A. Davis, C. S. Gilles, L. P. 
Wilson, E. F. and H. L. Armstrong, C. E. Mees, E. Sheppard, 
L. W. G. Brooker, G. Rudorf, and C. J. Regan, to mention only 
a few, afford sufficient testimony of the influence which a scientific- 
ally trained man of high ideals can exercise in our public schools. 
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Proceeding to the Central Technical College in 1896, Wilson 
headed the list at the entrance examination, gaining the Cloth- 
workers’ Company's Scholarship; he was awarded the diploma of 
Associate in 1899. For a year he held the Leathersellers’ Research 
Fellowship at the Central Technical College, being engaged in the 
study of acetanilide, and other anilides which were expected to 
exhibit isomorphous relationships. This work was undertaken 
largely as a preliminary to the separation of the isomorphous 
derivatives of the rare earths. 

At the Central Technical College Wilson received a thorough 
training in the elements of Engineering and of Electrical practice, 
in addition to Chemistry: the value of this to him is evidenced 
by the very practical nature of the inventions he subsequently 
made. 

Wishing to follow an industrial career, he entered the services 
of Messrs. Wilkinson, Heywood & Clark, Limited, the well-known 
paint and varnish makers, working first at their Poplar and subse- 
quently at their West Drayton works. He originated several 
new and successful processes for the refining of oil, purification 
of turpentine, etc. He left them in 1905, and after a short 
term with the Vacuum Oil Co. of Birkenhead—where he studied 
the manufacture of solid lubricants—became, in 1906, chemist 
to Messrs. 8. Courtauld & Co. of Coventry, who had then recently 
commenced the manufacture of artificial silk by the viscose pro- 
cess: cellulose in the form of wood pulp is treated with sodium 
hydroxide and carbon disulphide to form a soluble compound, the 
solution of which is then squirted into a coagulating bath, forming 
filaments from which lustrous threads of cellulose are obtained 
after washing, drying, bleaching, etc. 

In 1917 Wilson was promoted to be chief Chemist at Coventry, the 
firm—now Messrs. Courtaulds, Limited—having in the meantime 
achieved world-wide repute for the production of an article but 
little inferior to natural silk. 

His first patent, taken out in 1908, deals with the use of glucose 
or other sugar together with a mineral acid, as an addition to the 
coagulating bath in the preparation of artificial threads from vis- 
cose: this invention is generally understood to have had a far- 
reaching effect in the development of the viscose process. 

In conjunction with W. H. Glover, another old Centralian, Wilson 
worked out and patented in 1914 and 1915 the process of maturing 
mercerised cellulose by treatment with an oxidising agent such 4s 
a soluble peroxide, a hypochlorite, or a current of oxygen in presence 
of a metallic catalyst: this process has now become an essential 
feature in the viscose process. 
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About the same time he patented a process for the manufacture 
of tubular threads, and another for the regeneration of the poly- 
silphides obtained in the desulphurising of viscose. 

In 1917 he contributed a full and authoritative account of the 
utificial silk industry to the Journal of the Society of Chemical 
Industry, and brought this up-to-date in 1920. These papers give 
, most comprehensive outline of the manufacture of artificial silk 
and evidence the amount of chemical work involved in its develop- 
ment. Probably the artificial silk industry has helped as much 
directly and indirectly to increase the knowledge of cellulose as 
have the other great industries of cotton, paper, and explosives, 
vhich depend on this raw material. 

Perhaps Wilson’s most important contribution to science is that 
published jointly with Miss Imison just after his death: it will 
undoubtedly have an important bearing on the future theory of 
dyeing. Methods having been devised to measure the extent to 
thich a dyestuff can exhibit unevenness in dyeing artificial silk, 
alarge number of substantive dyes were examined and classified. 
It was found that evenness varies according to the molecular 
weight of the dye used, the arrangement of the groups in the mole- 
cule having no real effect. Fabrics made of artificial silk of varying 
affinities will show variations in shade when dyed with dyestuffs 
of high molecular weight, and a practically even effect if dyestuffs 
of low molecular weight are employed. 

In recognition of his valuable contribution to the artificial silk 
industry, Wilson received the Fellowship of the City and Guilds 
Institute in 1911; he became a Fellow of the Institute of Chemistry 
in 1918. He took a strong interest in the Society of Chemical 
Industry and was Chairman of the Birmingham Section in 1919— 
1920 and a Vice-President of the Society at the time of his death. 
His knowledge of patent law made him a valuable member of the 
Patents Committee of the Association of British Chemical Manu- 
facturers. E. F. A. 
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LXIII.—The Influence of Salis on Chemical Equilibria 
in Solutions. 


By J. N. BroOnstep. 


1. Introduction. 


Most equilibria into which salts enter in aqueous solution are not 
distinguished by real constancy of the equilibrium “ constant,” 
such as is the case with equilibria between neutral substances, 
The failure of previous attempts to account for this peculiarity of 
salt solutions is undoubtedly due to the fact that, directly or in- 
directly, the method of electric conductivity constituted the basi 
of the calculations of ionic concentrations, no regard having been 
taken to the interionic forces originating with the electric charges 
of the ions. 

The difficulties which here and in many other fields the classical 
theory of salt solution encounters can be overcome in great measur 
by assuming that strong electrolytes are completely dissociated and 
that interionic forces are responsible for the abnormalities observed. 
From the point of view of this theory, which has recently been 
developed by several authors (Milner, Phil. Mag., 1912, [vi], 23, 
553; 1913, [vi], 25, 742; Bjerrum, Zeitsch. Elektrochem., 1918, 24, 
321; Ghosh, T., 1918, 113, 449, 627, 707), the writer has show 
(J. Amer. Chem. Soc., 1920, 42, 761) that the problem of the simple 
solubility equilibrium can be successfully attacked. It is a 
obvious conclusion, therefore, that also in the case of more com- 
plicated equilibria, involving strong and weak electrolytes in 4 
homogeneous phase, the introduction of the same points of view 
will enable outstanding anomalies to be removed. 

In order to understand the influence of the addition of a salt on 
a system in chemical equilibrium we must consider the effect of 
it on any species of molecules or ions present, assuming that neither 
of them reacts chemically with the added salt. Now it is a well- 
known fact that the addition of a salt to a solution of a non-electro- 
lyte usually causes the chemical potential or activity of such a 
substance to increase. This consequence appears most clearly 
in the solubilities of non-electrolytes, which exhibit—at least in the 
range of dilute solutions—an almost rectilinear fall with increasing 
concentration of the added salt. Since in the saturated solution 
the following thermodynamic equation holds good : 


é = sf = constant , 
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shere é, f, and s indicate respectively activity, activity coefficient, 
snd solubility of the dissolved non-electrolyte, a rectilinear increase 
of the activity coefficient, or of the activity in the case of constant 
encentration, follows. 

Quite differently run the solubility curves in the case of a sparingly 
luble salt as solute. If the salt is uni-univalent, the equation 


log s = }</c, + constant, . ; . & 


where ¢ is the solubility and c¢, the total ionic concentration of the 
lution, has been recently shown by the writer to apply approxi- 
mately. Introducing in (2) the thermodynamic equation : 


ee’ = ef’f” = constant . ; . (3) 


where ’ and ” refer to each one of the two ions of the saturating salt, 
and assuming the activity coefficients of the ions to be equal and 
= f, we see this coefficient is determined by : 


logf=—k3/e. . . « (4) 


an expression which agrees fairly well with that given by Bjerrum. 

Also when ions of higher valency are considered, solubility 
measurements can be used to determine their activity coefficients. 
A series of measurements made in this laboratory, particularly in 
the group of the metal ammonia salts, shows that the increase in 
solubility caused by the addition of heteroionic salts is very pro- 
nouncedly a function of the valency of the ions of the saturating 
salt. This is shown in the following table containing the data 
for the bi-bivalent xanthocobaltic chromate and the ter-tervalent 
luteocobaltic hexacyanocobaltiate in sodium chloride solutions at 0°. 
Sis the molal solubility at the concentration c of the solvent, Sp the 
solubility in pure water. . 


TABLE I. 
Solubility Ratio S/S, of Xanthocobaltic Chromate (Sy = 0°0Q0257 
mol.) and Luteocobaltic Hexacyanocobaltiate (Sg = 0°000007 mol.) in 
Sodium Chloride Solutions at 0°. 


Xanthocobaltic Luteocobaltic 
C. chromate. hexacyanocobaltiate. 
1-00 1°00 
05 — 1°61 5°40 
| 2°19 9°30 
2 3°04 17°8 
5 4°10 49°6 


The extraordinarily increasing values of S/S, shown in this table 
allow us to infer that in the case of multivalent ions we have to do 
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with very high interionic forces. We obtain most clearly a survey 
of the influence of the electric charges when considering Fig. 1, in 
which the solubility ratio S/S) is plotted against the concentration 
c of the solvent for the four cases of saturating substances dealt 
with above. The curves I, II, III, and IV refer to uncharged 
molecules, uni-, bi-, and ter-valent ions respectively. 

As in the case of uni-univalent salts, equation (3) will also enable 
us to calculate for salts of higher type the activity coefficients from 
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solubility measurements. On this basis the curves in Fig. 2 are 
constructed, fy, f;, and f,, here and in the following, indicating the 
activity coefficient of a non-electrolyte, a univalent, and a bivalent 
ion respectively. 

Now on the assumption that the activity coefficient of any 
molecule depends only on its number of electric charges and the 
total, equivalent, ionic concentration of the solution concerned, 
the results mentioned above give us a means of tracing the influence 
of salts upon the homogeneous, chemical equilibrium in any 
particular case. No regard, however, is taken in these calculations 
to the markedly individual behaviour of ions of identical types, and 
we have to realise therefore the approximate nature of the results 
arrived at on this assumption. As it is the purpose of the present 
article to state only the general principles of chemical equilibria in 
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iit solutions, consideration of these individualities, although of 
sat importance, may be omitted for the present. 


The numerical calculations of homogeneous equilibria stated in 


he following sections cannot therefore be looked upon as conclusive 
but only as yielding the average or approximate value of the salt 


fect in a system of the particular type considered. 


On the other hand, as a conclusive result of the ~bove interpreta- 
ion of the salt effect, we are justified in maintaining the rigid 


Fie. 2. 
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validity of the law of mass-action and of the gas laws in the case of 
equilibria established in relatively strong salt solutions of unchanged 
concentrations. This view has recently been fully verified by the 
witer in a number of instances (Medd. K. Vetenskapsakad. 
Yobel-Inst., 1919, 5, No. 25. K. Danske Vid, Selsk. math.-natur. 


. Medd., 1920, 3, No. 9). 


2. The Dissociation of Water and other Weak Electrolytes. 


From quite a different point of view from that given above 
le Blane (Zeitsch. physikal. Chem., 1891, 8, 314) already suspected 
the dissociation of water to be augmented by the addition of salts. 
The same conclusion was reached by von Euler (ibid., 1899, 28, 
626) and Lewis and Wheeler (ibid., 1906, 56, 190) in the case of 
other dissociating substances on the ground that the dielectric 
constant of the solvent was increased by the addition of a salt. 
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The effects in question, however, are very slight as compared withfi 
the influence of the changing activity coefficient according to the 
assumptions underlying the present theory. 

In a diluted, aqueous solution the water activity will be nearly 
constant, and therefore : 


befor = . ‘ ; - (5) 


where £ denotes activity and k; is a constant which may be terme) 
the thermodynamic dissociation constant. Introducing { =¢ 
and assuming the activity coefficient f to be the same for all uni-uyj.- 


valent ions present in the solution, we can write : 


_ ke 
which shows that the product of the concentrations of the hydrogen. 
and hydroxyl-ions—the usual dissociation constant k,—is not a 
constant, but increases with increasing ionic concentration sine 
the activity coefficient f decreases. Calculation according to (4) 
yields for the ratio of &, at 0°01 and 0°1 normal solution : 


CyCon = ke (6) 


(k-)o-or — 9-68 
(ke)o-1 , 


whilst from the measurements of Léwenhertz (Zeitsch. physikal, 
Chem., 1896, 20, 291) of the acid-alkali cell at the same concentn- 
tions the number 0°71 can be calculated for this ratio, again with 
the assumption of equal activity coefficient at equal concentration. 
Not too much weight, however, should be attached to this agree- 
ment on account of the adherent uncertainty regarding the liquid 
junction potential in the experiments of Léwenhertz. For tle 
same reason, most experiments on the acid-alkali cell communicated 
by other investigators (Poma and his co-workers, Zettsch. physikal. 
Chem., 1912, 79, 55; 1914, 88, 671*; Lorentz and his co-worker, 
tbid., 1907, 60, 422; 1909, 66, 733; Harned, J. Amer. Chem. Se. 
1915, 37, 2460) can furnish no adequate verification of the theory 
advanced to account for the varying dissociation of water. 

It follows from equations (5) and (6) that the hydrogen-io 
potential can be expressed by 


x = RT log fy. + constant 
and 
x = — RT log fow + constant 


* The numerical calculations of the ratio of hydrogen-ion concentratia 
are erroneous throughout this paper on account of the use of natural insteal 
of common logarithms. 
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in solutions containing a strong acid and a strong base of constant 
concentration respectively. Addition of salts, therefore,: will 
influence the potential of the hydrogen electrode in opposite 


directions in the two cases to an extent computable by equation 


(4). This conclusion, too, might easily be tested, sufficient means 

being provided for the elimination of the liquid junction potential. 
Now, when considering a weak electrolyte dissolved in water, for 

example, a weak acid, dissociating according to the scheme : 


AH => A' +H’ 


it is evident from our theory that the addition of salts will increase 
the dissociation to a greater extent than in the case of water as the 
dectrolyte. Whilst in both cases the activity coefficients of the 
ions are decreased, we have for the acid, in addition, an increase 


‘Bin activity of the undissociated molecules. When the acid is 


sikal, 


sufficiently weak an augmentation of its total activity must 


ensue. 
The change in the ordinary mass-action constant k with change 
of concentration can be computed when in the thermodynamic 


expression : 


Ewes ate CutatuSy =. : , « @& 


fau Caudan 


the activity coefficients fy. = fy =f, and fix =f given in the 


‘Biforegoing section are introduced. Hence it follows that 


(3) 


An influence in this direction has already been assumed by 
Arrhenius in an important paper (Zeitsch. physikal. Chem., 1899, 
31, 197) on the influence of salts on the velocity of inversion caused 
by weak acids. From experiments on this subject Arrhenius drew 
the general conclusion that the addition of salts causes an increase 
of the dissociation constant corresponding with the effect of in- 
creasing concentration in a pure solution of a strong electrolyte. 

The present theory of the effect of the addition of salts, which in 
the case under consideration is indicated by equation (8), is com- 
patible with the experimental results of Arrhenius. When the 
concentration of the weak acid is unchanged and the slighter in- 
uence of f, is disregarded, equation (8) requires approximate 
constancy of the product cy-f,;. On the further assumption that 
the relative speed h of the reaction is directly proportional to the 
hydrogen-ion concentration, we find Af, = constant. The figures 
in Table II prove this really to be the case. 
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TaBLeE II. 


Relative Velocity h and Acidity Coefficient f, in Mixtures of Acetic Ac 
(0°025 mol.) and Potassium Chloride (ce). 
c. h. / hf. 
0°125 1°354 0°682 0°92 
0°05 1-205 0°752 0°91 
0°02 1°135 0°809 0°92 
0°0075 1°083 0°855 0°93 

When comparing the figures given in the last column, howevey 
we must bear in mind that even in the case of strong acids a » 
exerts some influence on the velocity of reaction, the specifi 
catalytic action increasing slightly with the salt concentratio 
For this cause a change of 5 per cent. may occur in the values ¢ 
hf,. Nevertheless we are justified in concluding that an alteratio; 
of the dissociation of the weak acid in fairly good agreement with 
our calculations is indicated by these experiments. 

From the same point of view we are able to account for il 
phenomena exhibited by sparingly soluble, weak acids as saturating 
substances in salt solutions. As was shown by Hoffmann ani 
Langbeck (Zeitsch. physikal. Chem., 1905, 51, 385), salicylic aci 
and other weak acids show a maximum of solubility at a certain 
salt concentration. This result is explained by the fact that in 
dilute solutions the steeply decreasing course of the activity 
efficient of the ions (f,) must play the chief part in altering the 
activity of the acid, whilst at higher concentrations the change of 
fo, owing to the salting-out of the undissociated portion of the acid 
on account of the slight dissociation, will be of greatest effec. 
Calculation of the experimental data shows a fairly close agre- 
ment with the requirements of the activity curves in Fig. 2. 

It seems to the writer, therefore, that the theoretical reasons for 
the assumption of increasing dissociation of a weak electrolyte 
the addition of salts, as well as the corroborating, experiment 
facts, are sufficiently conclusive to settle this question. 

In some recent papers McBain and his co-workers (T., 1lf, 
105, 1517; 1919, 145, 1332) have advanced a conflicting opinioy, 
based partly upon the theory developed by Goldschmidt, Snethlage, 
and others that the catalytic action of acids is due to the influent 
of the undissociated molecules as well as of the ions, partly upo 
the argument that the increase in activity of the undissociated 
molecules of the weak acid produced by the addition of salts i 
counterbalanced by an equal increase in the activity of the hydroget 
ion, no displacement of the equilibrium therefore being bound t0 
occur. The arguments of McBain, however, are not unassailable, 
because the theory of the catalytic influence of undissociated 


ap] 


wh 


CHEMICAL EQUILIBRIA IN SOLUTIONS. 581 


molecules, as shown by Bjerrum, possesses very little probability, 
and the anomalies are much more simply explained by assuming 
acertain salt effect on the velocity of reaction analogous to the effect 
exerted by salts on the activity coefficients. It is true that the 
equilibrating increases in activity of acetic acid and its hydrogen 
ins have been ascertained approximately through the measure- 
ments of McBain and Walpole. This result, however, is a rigid 
requirement from the thermodynamic law of mass action, if we, 
with McBain, assume the activity of the acetic ion to be unchanged, 
and is therefore of no consequence for the question of change in the 
degree of dissociation. This question cannot be attacked thermo- 
dynamically without considering the activities as well as the 
activity coefficients of the molecules involved. 


3. The Equilibrium in Regulator Mixtures. 


The chemical systems to which the term “regulator mixture ” 
is applied can be characterised by the following equilibrium scheme : 


Aw” B+0C, 
where one of the right-hand substances, for example B, is present 
in very small concentration as compared with the concentration 


of two other substances. The best known regulator mixtures are 


those in which B is the hydrogen- or hydroxyl-ion. 

It will be useful to draw a distinction between acid and basic 
reyulators. This distinction depends, not on the acid or alkaline 
reaction shown by the solution, but on the scheme of equilibrium 
belonging to the mixture, namely, 


AH — A’ +H 
ivan 
in the case of an acid regulator, for example, acetic acid + sodium 


acetate, and 
BH’ pe B+H 


in the case of a basic regulator such as ammonia -- ammonium 
chloride. 
In the first case the equation : 


ot on fe enh + to 


< < 
¢ cH’ 


applies thermodynamically. From this we derive : 
log 41 = ke + pu +log® =... (10) 
fo Cy 
Where p,.—= —logu- according to Sérensen (Medd. Carlsberg 
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Lab., 1909, 8, 1) is termed the hydrogen exponent. In the case of 
a basic regulator we have 


Fi =kein . . . - (11) 
and correspondingly 
ke — pur + log © — 
Cy 


Of course these equations also hold good in the case of solutions 
of pure weak acids or weak bases. They can be applied much mor 
advantageously to regulator mixtures, however, because the ionic 
concentration c, is known here from the composition of the mixture, 
when the salts in this are considered to be completely dissociated. 
By measuring p,- electrometrically in the regulator mixtures at 
various concentrations, or when various amounts of salts are added, 
we are therefore enabled to calculate the corresponding changes in 
f/f, and thus to test the validity of the theory given in the first 
section. It is a point of importance for the application of formule 
(10) and (12) to such a system as a regulator mixture that the 
influence of the changing medium on the activity of the hydrogen 
ion manifests itself independently of the influence on its activity 
coefficient. On account of the very small hydrogen-ion concentra- 
tion displacement of the equilibrium will cause no sensible changes 
in Cy and c,, the changes in f, and f, therefore affording the only 
causes for the measured alteration of é,,-. 

Regulator mixtures of this kind have been very thoroughly 
investigated, especially by Sérensen and his pupils (Medd. Carlsbery 
Lab., 1909, 8, 1; 1910, 8, 373; 1910, 9, 10; 1911, 10, 146). Valuable 
material for a verification of formule (10), (12) and (13) has 
thereby been obtained. 

We shall first consider the phosphate mixtures produced by mixing 
1/15 molal solutions of primary and secondary alkali phosphates. 
The equilibrium in these is represented by 


H,PO’, <> HPO”, + H’ 


and the eorresponding equilibrium equation analogous to (IQ); 
therefore : 


fa _ ke + py: + log 2 P . (18) 
fi Ce 

Sérensen’s measurements of the ratios c,/c, in which the solutioms 
of primary and secondary phosphates are mixed, the py found, 
and p = log f./f; + & calculated from (13), & being an arbitral) 
constant, are given in Table III. 
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TABLE ITI. 


Cp/Cs- Pu . e 
00101 8°68 . ‘ F 0°819 
0-0256 8-338 746 ' 0°836 
0°0526 8-043 “76 , i 0°841 
O11 7°731 ‘ , ; 0°860 
0250 7°381 ’ , i 0°868 
0°429 77168 ‘ 39° 0°879 
0-667 6-979 80: 0-940 
1:000 6°813 
4s seen from the figures in the last column, log f/f, exhibits no 
enstant value, but increases gradually as the solution changes from 
eeondary to primary phosphate. This is explained by the fact 
that the equivalent concentration of the primary phosphate is only 
one-half of that of the secondary salt. The change is shown more 
dearly in the accompanying diagram (Fig. 3), where the equivalent 


Fia. 3. 
“eB 


0°87 


o 


prim. sec. 
0°067 0°100 0°133 
Equivalent concentrations of primary and secondary phosphates. 


concentrations ranging from 0°067 to 0°133 are plotted as abscissz 
and the values of log f,/f, in Table III are indicated by white circles. 
By means of a straight line drawn through these points a difference 
of0'12 is found between the values of log f,/f, at pure primary and 
pure secondary salt, whilst the most fitting curve gives 0°10. Since 
the corresponding value taken from the curves in Fig. 2 is 0°09, we 
ee that our theory accounts rather satisfactorily for the salt effect 
measured in this system. 

The black points in Fig. 3 belong to a series of measurements in 


0 
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which the specimen of secondary phosphate used contained a few 
units per cent. of the primary salt. The strongly diverging 
course exhibited by these measurements shows that such an impurity 
can easily be detected by means of calculations of this kind, 4 
content of 2°6 per cent. of primary salt is conformably computed 
from the last three points. 

Other regulator mixtures measured by Sérensen were glycine 
+ 0°1N-hydrochloric acid and glycine + 0°1N-sodium hydroxide, 
representing a basic and an acid regulator respectively. As the 
glycine solution was decinormal with respect to sodium chloride 
and no change in the salt concentration therefore occurred on mixing 
the solutions, a constant value of f,/f, was expected to be calculated 
from equations (10) and (12). This was found to be the case when 
due regard was taken to the amount of hydrogen- and hydroxyl-ions 
in these mixtures, which was so great as to have a sensible influence 


on ¢}. 

In the case of borate and citrate regulators calculations of this 
kind meet with difficulties owing to the fact that no single equilibrium 
prevails in these mixtures. In mixtures of boric acid and alkali 
various condensed acids and ions are present, and in the case of 
citrate mixtures simultaneous equilibria between CiHs, Ci’, 
CiH”, and Ci” (where Ci = C,H;O,) prevail in all ranges of 


mixtures used in the measurements. 

In the foregoing measurements with phosphate mixtures the 
concentration changed only from 1/15 to 2/15. Palitzsch has 
examined the same mixtures with the addition of sodium chloride, 
using a much wider range of total concentration. The results of 
his measurements are collected in Table IV. 


TABLE IV. 


c. 
0-0067 
0-0167 
0-067 
0°107 
0-257 
0°507 
0-517 
0°567 
0°767 
1-007 
0-068 
0°568 
0-768 
0-072 
0-572 
0°72 
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n this table, m indicates the molal concentration of the phosphate 
mixture, Cxa the concentration of the added sodium chloride, 


ity MH; the total equivalent concentration, p,- the measured hydrogen 


exponent, py the value of log f,/f, + calculated from equation 
(13) and p, the value obtained from the curves in Fig. 2. 

As our theory requires, the value of p, is found to decrease steadily 
with increasing ionic concentration. Comparison with the values 
of p, shows a fairly good agreement, the calculated values, however, 
always being somewhat smaller than those found. As emphasised 
in the introduction, the basis of our calculation is not sufficiently 
defined to permit us to expect a close agreement, no allowance 
having been made for the peculiarities of the various salt systems. 
There can be no doubt, however, that the figures in Table IV lend 
strong support to the general theory which underlies these calcula- 
tions. 

Very thorough investigations on acetate regulator mixtures 
have been published by Walpole (T., 1914, 105, 2501, 2521). His 
work contains three series of measurements, namely (i) acetic acid- 
sodium acetate mixtures in which the total “ acetate’ was 0°2N, 
(i) acetic acid-sodium acetate-sodium chloride solutions in which 
the total ‘‘ acetate ’’ was 0°2N and the total sodium was 0°2N, and 
(iii) mixtures of acetic acid and sodium acetate in equal concentra- 
tion (““ standard acetate ” at various dilutions). The three kinds of 
mixtures can be characterised by the following equations : 


€c,H,0,Na + Con, = 02 . . : = 
CC,H,0,Na +> CC,H,O, __ CC,H,0,Na + CXacl = 0-2 e (il.) 
Co,H,0,Na = CC,H,0, ‘ ‘ . 


The results of the first series are given in Table V. The figures 
inthe first column are the concentrations of the acetic acid; in the 
vcond and the third columns are given the observed £.J.F.’s 
ind the hydrogen-ion concentrations calculated by Walpole. The 
igures in the last column are the values of p = log f,/f, + & cal- 
ulated by means of equation (10). 

In equation (10) used for the calculation of p we have to intro- 
duce ¢y =co,H,o, — Cy: and ¢, = ¢o,n,0,Na + Cy. Whilst cy. 
is negligible at concentrations of acetic acid lower than 0°16, 
we have to correct for it at higher concentrations. The figures 
under ¢,- are calculated by Walpole from the equation + = 0°3377 


+00577 log =. on the assumptions that the dissociation is 
Hn’ 

® per cent. in 0°1N-hydrochloric acid and that the gas laws are 

valid in the case of the solutions concerned. Since both assumptions 


we erroneous, the values of cy- can be accurate only until cc,n,0, 
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TABLE V. ' nd s 


". Cy" X 10°. p- 

0°7138 0°473 

0°6961 0-473 

0°6853 0°468 

0-6778 0°468 

0°6593 0-473 

0°6478 0-474 

0°6393 0°477 

0°6316 0°469 

0°6256 0-474 

0°6148 0°479 

0-6046 0-478 

0°5947 0°483 
0°5841 0°491 r, The 
0°5712 0-09 0-500 
0°5525 0-19 0°525 4, whi 
0°5450 0-26 0°528 values 
0°5348 0°38 0-531 
0°5290 0-48 0-522 
0°5225 0°63 0°520 woetat 
0°5193 0-71 0-531 am 
0°5155 0-83 0-540 

0°5105 1-01 0°537 

0°5057 1°23 0-552 

0-4995 1°57 0-545 

0°4931 2-01 0-541 


Sed66644 


POSSSoSCSSCSS 
Da bo aoc, 


= 0°194. At higher concentrations the p-values, therefore, will hk 
somewhat untrustworthy. 
The results of the second series are given in Table VI. 


TABLE VI. 


™. Cy X 10°. p. 
0°7015 0°468 
0°6762 0°462 
0°6375 0°447 
0°6235 0°438 
0°6126 0°441 
0°6019 0°432 
0°5908 0°405 
0°5793 0°408 
0°5654 0°399 
0°5564 0°394 
0°5461 0°414 
0°5389 0°420 
0°5297 0°395 
0°5274 0°396 
0°5159 0°393 
0°5129 0°405 
0°4949 0°376 
0°4902 0°436 
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The notation and the calculation are here the same as in the Fins 
foregoing case. liagra 
Finally in Table VII the third series of measurements 1s pit 
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TABLE VII. 


T. ps 

0°60345 0°45 

0°60445 0°476 
0°60575 0°496 
0°60678 0°517 
0°60735 0°526 
0°60798 0-536 
0°60923 0°558 
0°61100 0°589 
0°61223 0611 


The results of the three series are shown diagrammatically in Fig. 
4, which can most conveniently be made a basis for discussion. The 
alues of p, differing from the values of log f,/f, only by a constant, 
are here plotted as ordinates against the concentrations of sodium 
wetate as abscissa. The data belonging to series (i), (ii) and (iii) 
are indicated by 0, ® and e@ respectively. 


Fic. 4. 
0°6 


log. Silfot k. 


Concentration of sodium acetate. 


First of all, through the mutual position of the points in the 
‘gram, we obtain information about the experimental error. 
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This amounts in many cases to 0°05 or more, expressed in p, 
values. Nevertheless, there can be no doubt how to draw the mog 
fitting curve through the experimental points. It is evident tha 
the measurements in series (i) and (iii) are represented by a strongly 
bent curve, a, identical for both series. The measurements ¢ 
series (ii), on the other hand, lie probably on a straight line 8. 

This, however, is just what we have to expect from the point ¢ 
view of our theory. In (i) and (iii) no salt is present other tha 
sodium acetate. Independently of the amounts of acetic acid 
which differ largely in the two series, we must find concordant 
values of f,/f, at the same concentration of sodium acetate. The 
shape of the curve, furthermore, agrees well with the theoreticd 
one given in Fig. 2. In the second series, on the other hand, th 
salt present in the solution changes gradually from 0°2 molal sodium 
chloride to 0°2 molal sodium acetate, the total salt concentration 
being constant. Here we have to expect a salt effect changiy 
proportionately with the change in composition, that is, a rectilinear 
change in f,/f,, as exhibited by the experiments. 

The course of the line b, inclining strongly from sodium acetate 
to sodium chloride solution, gives evidence of the fact that the salt 
effect is markedly a function of the nature of the salt in question. 
On the assumption that the effect of the two salts is an additive 
one, the curve c in the figure is calculated as expressing the inter 
dependence of log f,/f, and the concentration in a solution contair- 
ing no other salt than sodium chloride. The theoretical curve based 
upon the solubility measurements referred to in the introduction 
is inserted in Fig. 4 as d. This curve evidently agrees rather 
closely with the sodium chloride curve, c, in accordance with the 
fact that acetates deviate more than chlorides from the averag 
salt effect as given in the theoretical curves in Fig. 2. 


4. The Indicator Equilibrium. 


Another field in which our theory can be applied advantageously 
is the much discussed problem of the influence of salts on the colows 
of indicators. (For the literature, see Bjerrum: ‘ Die Theor 
der alkalimetrischen und azidimetrischen Titrierungen, Sammlung 
Ahrens,” 1914.) Since the functions of indicators, according to the 
view introduced by Ostwald, are due to their properties as weak acits 
and weak bases, this problem is a special case of the one treated in 
the foregoing. 

The particular advantage of using solutions of indicators consis 
in the possibility of deducing from the colour the ratio in which the 
undissociated and the dissociated portions are present in the 
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Mlutions. Assume the case of an acid indicator dissociating 


ycording to the scheme : 
SH ™ > § +H° 


then equation (10) will apply thermodynamically to this equilibrium. 
When the solutions considered show the same colour, ¢,/cy in this 
equation will be a constant and therefore : 


log f = k a Pu: . . . . . (14) 


4s a consequence of this equation a given activity of the hydrogen 
ion will produce the same colour only in solutions having the same 
value of f,/fy. The colorimetric method for the determination of 
hydrogen-ion activities, based upon the principle of comparing the 
clour of a series of regulator mixtures with the colour of the 
solution the hydrogen-ion activity of which is to be determined, 
will therefore to a certain degree be untrustworthy if the concen- 
tration of the solution differs from that of the regulator mixtures. 
Equation (14) teaches that in the case of an acid indicator the addition 
of salts, that is, decreasing values of f,/f,, implies decreasing values 
of py. The more concentrated solution is more acid than the 
less concentrated which gives the same colour. The colorimetric 
method consequently leads us to accept too small a hydrogen-ion 
activity in the concentrated solution. 
In the case of a basic indicator we can write, instead of (14), 


(15) 


and therefore follow an effect in the opposite direction. The 
colorimetric method leads us to accept too high a hydrogen-ion 
activity in the more concentrated solution. 

A verification of these conclusions is furnished by the investiga- 
tions of Sérensen (loc. cit.) and his co-workers, who have done 
important work for the elaboration of the colorimetric method. 
The test is made a quantitative one by introducing in equations 
(I4) and (15) the values of f,/fy and f,/f, calculated on the principles 
given in the introduction. 

Sérensen’s data are tabulated in Table VIII. The first column 
gives the indicator used. The column headed (p,-). contains the 
values of p,- found colorimetrically by comparison with the pure 
regulator without added salt; (py-), is the electrometric or true 
Value of py- in the solution. The “salt error” is defined by : 


A = (Pu-)e — (Pav) 
4,and A, indicating the observed and the calculated values of the 
salt error respectively. 
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TaBLeE VIII. Del 
Indicator. (Pu*)e- Ay. Ae. by 
(1) Solution: Phosphate (0°07N) + NaCl (0°5N); (py). = 5°65. and 
p-Nitrophenol 5°81 + 0°16 + 0°15 fe 
p-Sulphobenzeneazo-a-naphthylamine 5°55 — 0°10 — O15 . 
Alizarinsulphonic acid 5°91 + 0°26 + 0-23 BB foll 
(2) Solution: Phosphate (0°11N) + NaCl (0°5N); (py°). = 6°66. 
p-Nitrophenol : + 0°14 +01 Bi) 
Neutral-red i — 0°09 —O14 (II) 
Rosolic acid i + 0°06 +014 (0. 
(3) Solution: Borate (0°08N) + NaCl (0°5N); (py°). = 8°02. (IV) 
p-Sulphobenzeneazo-a-naphthol ... 8°14 + 0°12 + O01 T 
Phenolphthalein 8°14 + 0°12 +01 
: ‘ ks ca mos 
It is seen that the effect of the salt on the various indicators iy an 
nearly all cases agrees well with the calculated effect. Only in the offer 
case of rosolic acid is the agreement less satisfactory. het 
In Table [X are given some other data from some measurements ae 
of Sérensen and Palitzsch (Medd. Carlsberg Lab., 1913, 10, 228). F A 
TaBLe IX. ame 
. 3, 
c. 
0-01 phtl 
0°02 in a 
0°05 
01 was 
0-2 *: 
0°5 with 
hilfo 


cis the concentration of the salt solution and A; and Ac have the r= 
same meaning as above. Series I refers to measurements in which 
phenolphthalein and naphtholphthalein were used as indicators in 
solutions of a borate mixture of concentration 0°05. In series Il 
phenolphthalein and phosphate mixtures were employed. 4 
comparison of Ay and A; shows the anticipated salt effect. That 
the calculated values are somewhat smaller than those found i 
perhaps due to the assumption, made in calculations according Hi « 
equation (14), that the indicators are monobasic acids. Assuming on 
the indicators to dissociate as dibasic acids—and for this assumption jin 
some evidence has been brought forward (Wegscheider, Zeitsch. solut 
Elektrochem., 1908, 14, 510)—we must introduce f,/f, instead ¢ 
f1/fo, and then obtain small deviations in the opposite direction. J), 
The effect of salts on indicators has been examined from the poi 
of view that the hydrogen-ion activity is the deciding factor in the 
indicator equilibrium. The displacement of the equilibrium in a 
indicator-regulator mixture, however, can be considered foil 
another point of view, namely, that the equilibrium can be repr 
sented with no hydrogen ions entering in the equilibrium scheme. 


or as 


vc 
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Denoting the neutral molecules of an acid and a basic regulator 
by AH and B respectively, and the neutral molecules of an acid 
and a basic indicator by SH and WM, all possible equilibria and the 
efiect of the addition of salts on any of these can be given by the 
following scheme : 
Indicator. Regulator. Equilibrium. Effect. 
acid acid SH + A’2S’ + AH none 
i basic SH +B2S’+ BH’ more basic 
acid MH’*'+A’2M+ AH more acid 
basic MH’ + B2M + BH’ none 

The requirements of this scheme seem actually to be fulfilled in 
most cases of observations with indicators of known chemical 
nature, especially when it is noted that the requirement of ‘“‘ none ” 
effect cannot be at all a rigid one, because even very small deviations 
from equal salt effect on ions of the same type will be able to 
produce a change in colour of the indicator. 

As an example we may quote the very accurate investigation 
carried out in this field by Rosenstein (J. Amer. Chem. Soc., 1912, 
%, 1125) who evaluated directly the colour change of phenol- 
phthalein to determine the degree of dissociation of this indicator 
in an ammonia-ammonium chloride regulator in which cyy,-/¢xu, 


was kept constant. In Table X the ratios = » are given together 


with the corresponding total salt concentrations c:, the values of 
f/f) taken from the diagram (Fig. 2) and finally the value of 


TaBLe X, 


a 


l—a Silfo- tT. 
0°246 0°69 0°116 
0°261 0°67 0°118 
0°310 0°63 0°122 
0°469 0°50 07117 
Since we have here a basic regulator and an acid indicator the 
system will be represented by the equilibiium (II) in the above 
scheme. Increasing salt concentration, therefore, must render the 
solution more basic, as is really shown by the figures in the second 
column. For the equilibrium (II) the thermodynamic mass-action 
law requires 
(é \2 Cnu fed j 2 
(3) —-—. (4) = constant 
£o/  — Cxu, l—« Vf 
or ag SBe" 
c 


a 


was unchanged 
\2 
a (4) = constant. 
l—« ta 
VOL. CXIX. 
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The constancy of this term is exhibited by the values of r given jn 
the last column. 

Some other series of the measurements of Rosenstein harmonis 
more fully with the assumption of the dissociation of phenolphthal- 
ein as a dibasic acid. 

As a chief result of our considerations of the effects of salts on 
the indicator equilibrium we may record the complete agreement 
of the theory in regard to the sign, and the partial agreement in 
regard to the magnitude, of the effect with the evidence furnished 
by various materials and in various fields of investigation. For 
reasons stated in the introduction, however, all our calculations are 
to a certain degree approximate, and in the case of indicators a 
special uncertainty attends the numerical results on account of the 
chemical nature of such substances not being fully elucidated; 
for example, methyl-orange, which is usually regarded as a basic 
indicator on account of its character as amine. Simultaneously 
acting as a strong acid, the anion of this will be the form in which 
the indicator will be present in alkaline solution, and the equilibrium 
scheme of the dissociation therefore will be represented by 


| | 
(CH,),N-C,H,NyCyH,S0,- + H+ = (CHS N.C HN, C,H, 80, 


fully corresponding with the dissociation of an acid indicator if we 
are allowed to regard the right-hand molecule as electrically a 
neutral one. This, however, is doubtful, because one hydrogen ion 
has been removed from one end of the molecule and added to the 
other and the electric charges produced do not necessarily neutralise 
one another; therefore, it can be foretold that the behaviour of such 
a substance will be uncertain. 

Similar uncertainties, and also others due to the possibly colloidal 
nature of the indicator, are encountered in many cases. 


Summary. 


From the point of view of the theory of complete dissociation of 
strong electrolytes, the interpretation of the solubility phenomen 
exhibited by slightly soluble salts leads us to surmise an increase it 
the dissociation of weak electrolytes on the addition of salts to theit 
solutions. Evidence corroborative of this conclusion has bee 
advanced from various fields of investigation, and an explanation 
of the salt effect on regulator mixtures and indicator equilibria has 
been given from the same point of view. 
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LXIV.—A Second Form of 6: 6'-Dinitrodiphenic Acid, 
and its Conversion into New Cyclic Systems. 


By JAMES KENNER and WILFRID Victor STUBBINGS. 


Ix connexion with another investigation, it became desirable to 
prepare 6: 6’-dinitrodiphenic acid. This compound was first 
obtained by Schulze (Annalen, 1880, 203, 95) as one of the pro- 
ducts of nitration of diphenic acid, and also of oxidation of the 
mixture of dinitro-derivatives obtained from phenanthraquinone. 
Its probable constitution, although recognised by Schad (Ber., 
1893, 26, 219), was first demonstrated by Schmidt (Ber., 1903, 
36, 3745), who prepared 2 : 2’-dinitrodiphenyl from it by distillation 
of the barium salt, and obtained carbazole in a similar manner 
from the corresponding diamino-acid, which Schad (loc. cit.) had 
prepared and characterised. The synthesis of the acid had, however, 
not been carried out, and we therefore proposed to complete the 
evidence just summarised by preparing our material synthetically. 
2-Chloro-3-nitrobenzoic acid was obtained by oxidation of 
2-chloro-3-nitrotoluene with dilute nitric acid, whilst the prepar- 


ation of the corresponding iodo-acid has recently been described 
by us (T., 1920, 117, 776). The esters of either of these acids, but 
preferably of the latter, reacted easily with copper powder, and 
furnished the esters of the desired acid : 


CO.R CO,R COR 

_, i Or eS 

a % \_/ 

NO, N NO, 
The melting point of the dimethyl ester prepared in this manner 
was almost the same as that given by Schulze (loc. cit.), but, to 
our surprise, the acid obtained from it by hydrolysis melted at 
263°, without decomposition, as against 297° (Schulze) or 303° 
Schmidt) with decomposition. Unfortunately, Schulze’s acid has 
tot been characterised by means of other derivatives; we hope 
‘0 rectify this omission. Meanwhile, the two acids are clearly 
differentiated by their behaviour on reduction. Whilst, as already 
indicated, a diamino-acid is obtained from Schulze’s acid in the 

ordinary manner, the new y-acid* furnishes an internal anhydride : 


* Schulze termed his acid 8-dinitrodiphenic acid to distinguish it from 
the a(3 : 3’)-acid produced simultaneously. Pending, therefore, a decision 
& to the configurations of the two 6 : 6’-dinitro-acids, it seems less likely 
to lead to confusion if the new acid is distinguished as the y-acid. 

y2 
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The constitution of this compound is shown, not merely by its 
composition and mode of formation, but also by its close analogy 
to phenanthridone (I). Thus, it may be sublimed, and is very 
sparingly soluble in all the usual solvents. It readily dissolves, 
however, in concentrated sulphuric acid, and the solution exhibits 
a beautiful, blue fluorescence. It is insoluble in aqueous solutions 
of alkalis, but is dissolved by concentrated, alcoholic potassium 
hydroxide solution, being, however, reprecipitated on dilution 
with water. So great is the tendency to form the new cyclic 
system, that this forms the chief product even when ethyl y-di- 
nitrodiphenate is carefully reduced. Evidence of the production 
of the true ethyl y-diaminodiphenate was obtained, but internal 
condensation took place when the attempt was made to isolate 
this compound. Subsequently, the dilactam was synthesised by 
another method, which is more convenient for its preparation in a 
state of purity. 6: 6’-Dinitroditolyl, prepared by the action of 
copper powder on 2-chloro-3-nitro-, or, preferably, 2-iodo-3-nitro- 
toluene, was converted into the corresponding diamino-compound. 
By oxidation of 6: 6’-diacetylamino-2 : 2’-ditolyl with potassium 
permanganate in neutral solution, y-6 : 6’-diacetylaminodiphenic 
acid was easily obtained. This substance at once yielded the 
dilactam when treated with the usual hydrolysing agents, and 
also even when heated with acetic anhydride : 


| Me CO,H CO,H 

i i ae oo  ™ 

alte ee | a eel, 
NHAc NHAc NHAc 


7 
CO—NH 


* an “SOE si, 
ee OE 
NH—-CO 
The remarkable facility with which this new cyclic system is 
produced is in contrast with the difficulty of synthesising the ul 
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saturated ring systems of pyrene (IIT) (Mayer, Ber., 1911, 44, 2298). 
This was only achieved by first preparing diketotetrahydropyrene 
(IV), which was obtained fairly readily from diphenyl-2 : 2’-diacetyl 


CH=CH CH,-CO 
i dl i 
ae po A, oe 


CH=CH CO-—CH, 
(IIT.) (IV.) 


chloride (Weitzenbéck, Monatsh., 1913, 34, 199). In other words, 
saturated systems of this type are produced much more readily 
than the corresponding unsaturated ones. Apparently, also, two 
six-membered rings are obtained more easily than two five-membered 
rings, for R. Meyer, W. Meyer, and K. Falger have recently shown 
that fluorenone is produced in place of the compound (V) when 
diphenyl-2 : 6 : 2’ : 6’-tetracarboxylic acid is distilled (Ber., 1920, 53, 
(B], 2034) : 


C 


O 
A” i, ae 2 
NF Nr 
) 


\ 
i 


COv ‘C 

(V. 

It seems clear therefore that 6: 6’-dinitrodiphenic acid, like 

3:3’-dinitrobenzidine (Cain and others, T., 1912, 104, 2298; 

1913, 103, 2074; 1914, 105, 1437, 1442) exists in two forms, which 

can scarcely be other than stereoisomeric, and may be represented 
by the formulee : 


CO.H NO, 
i OT ee 2 


ui... ami 
NO, CO,H 


(ain and his collaborators, from other considerations than that 
of the isomerism of their compounds, were led to adopt the Kaufler 
formule for them. We prefer to leave the question of the relative 
merits of these and the ordinary formule open for the present, 
although it may be said that our experiments originated with an 
attempt to obtain further evidence on this point. 

The relative configurations of the various compounds now under 
discussion are perhaps best deduced in the following manner. The 
diaminodiphenic acid initially obtained by the reduction of y-dini- 
ttodiphenie acid evidently differs from that prepared from the 
‘acid, which resisted a number of attempts, recorded by Schad 
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(loc. cit.), to obtain an internal condensation product from it, 
These acids have therefore a definite configuration, the unstable 
acid being a trans-, and Schad’s acid a cis-compound. Further, 
unless the improbable assumption is made that in each case redue. 
tion is accompanied by inversion, the dinitro-acids have similar 
configurations. This view, which seems to have been entertained 
by Schmidt in regard to the 8-acid, accords with its formation from 
4 : 5-dinitrophenanthraquinone, and with the preparation of carb. 
azole from the $-diamino-acid, although this is a high-temperature 
reaction and hence perhaps less valuable as evidence. The several 
relationships are therefore to be represented as follows : 


CO—CO 


we 
a ee 
NO, 
HH CO,H 
i ae 
* 


6-Series. 


y-Series. \, 


NH—CO 


It would be anticipated that conclusive evidence on this question 
would be obtainable from a study of the two acids in respect of 
their capacity to form anhydrides. Such is not the case, however. 
Schmidt refers, although without details, to his failure to prepare 
an anhydride from the §-dinitro-acid, and our experiments with 
the y-acid, under a variety of conditions, gave no more than in- 
dication that a small proportion of anhydride might possibly have 
been formed, almost the whole of the acid being recovered un- 
changed in every case. Unexpected as these results may appear, 
they are in agreement with the behaviour of diphenyl-2 : 6 : 2’: 6 
tetracarboxylic acid, which, as we hope to show in a subsequent 
communication, also does not give an anhydride. 

The stability of configuration of the two dinitrodiphenic acids 
is apparently not maintained when the chloride of the new acid 
is treated with hydrazine. Reaction readily takes place, giving 
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assigned to it, is soluble in alkali and gives a well-defined diacetyl 


derivative : 


cocl NO, . 
ee ee ee 
ey ee ii © 
NO, COC é 
N 


(VL.) 


In view of this result, it appeared possible that by alkaline hydrolysis 
of the y-acid chloride the $-acid might be obtained, but experiment 
showed that the original acid is recovered. Apparently, then, 
change of configuration occurs, not in the formation of the chloride, 
but when the chloride is treated with hydrazine. 

Further, since 1 : 10-dimethyl-5 : 6-naphthaisodiazine is easily 
obtained from 6 : 6’-dinitro-2 : 2’-ditolyl by reduction with sodium 
amalgam : 

Me Me 

fe 

eel i 
itis clear that either this compound has not a definite configuration, 
or inversion takes place at some stage during its conversion into 
6: 6’-diacetylaminodiphenic acid or during the reduction itself. 
The last is perhaps the simplest assumption, since the above change 
of configuration seems to be due to the influence of a base. Instances 
of this kind are familiar in the sugar group, and the following con- 
siderations suggest another which seems to have been overlooked. 
Of the saccharic acids, mannosaccharic acid alone forms a dilactone 
(E. Fischer, Ber., 1894, 2'7, 3227). The monolactone of saccharic 
aid is therefore presumably to be represented by one of the two 
formule. : 


hr 0 CH(OH)-CH-OH 
H C-OH CO CH——CH-OH 
> a4 at ‘\ 
6 GH-OH 6 CO,H 
The first assumes a definite configuration, unfavourable to 
letonisation, of the groups attached to the carbon atom of the 


tarboxyl group, in accordance with the suggestion of Irvine and 
Steele (T., 1915, 107, 1221) that the groups attached to the terminal 
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carbon atoms of the mannitol molecule have a definite configuration, 
The second formula is perhaps less probable in view of the relation. 
ship between glucose and mannose, and the formation of a dilacton 
from mannosaccharic acid. Corresponding with the alternative 
shown, the formula for gulonic acid would be one of the following: 


CH(OH)—CH-OH 0 CH(OH)—CH-OH 
CH,OH CH-OH C-OH CH,-OH CH(OH)—CH-0H 


*% 
CO,H 


‘\ rd 
CH-OH 


Obviously, however, neither of these explains the formation of 
gulolactone. It seems, therefore, difficult to escape from the 
conclusion that inversion has occurred at some stage, and presumably 
under the influence of alkali. 


ExPERIMENTAL. 


2-Chloro-3-nitrobenzoic Acid.* 


2-Chloro-3-nitrotoluene ¢ is boiled under reflux with three parts 
by weight of nitric acid (D 1-37) for several days until homo- 
geneity is attained, and no oil separates on cooling, nitric acid 
being added, if necessary, from time to time to maintain the bulk 
of the liquid. The acid, which crystallises on cooling, is purified 
by crystallisation from xylene. The product, m. p. 181° (Holle: 
mann and de Bruyn, Rec. trav. Chim., 1901, 20, 206, give 185°, 
is sufficiently pure for further use. A very impure product is 
obtained by preparing the acid from 3-nitroanthranilic acid. 

The methyl ester separates from light petroleum in needles, m. p. 
70° (Found: N = 6-65. C,H,O,NCl requires N = 6-49 per cent.) 

The ethyl ester boils at 314° with some decomposition (Found: 
N = 6-22. C,H,0O,NCl requires N = 6-10 per cent.). 


y-6 : 6’-Dinitrodiphenic Acid. 


Methy] 2-chloro-3-nitrobenzoate (10 grams) was treated gradually 
at 210° with copper powder (10 grams), and the mixture then 


* Certain of the compounds now described were first prepared by Mr 
C. W. James, M.Sc., in collaboration with one of us. These are distinguished 
by an asterisk. 

+ The 3-nitro-o-toluidine from which this substance was prepared W® 
obtained more consistently, more rapidly, and, probably, more cheaply by 
Hadfield and Kenner’s method (P., 1914, 28, 253) than by either of tho* 
described by Gabriel and Thieme (Ber., 1919, 52, [B], 1079), and by Meise 
heimer and Hesse (ibid., 1171). 
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heated at 225—235° for one hour. By extracting the cold mass 
with benzene, and crystallisation from this solvent, methyl y-6: 6’- 
dinitrodiphenate (5 grams) was obtained in pale yellow, hexagonal 
plates, m. p. 132—133° (Found: N = 8-00. C,gH,,0,N, requires 
N= 7-78 per cent.). 

Ethyl y-6 : 6’-dinitrodiphenate, CygH,,0,Ng, was prepared in a 
similar manner from ethyl 2-iodo-3-nitrobenzoate (large, tabular 
crystals, m. p. 54°. Found: N = 4-43. C,H,O,NI requires N = 
436 per cent.), reaction occurring at 155°. After purification, it 
formed large, yellow crystals, m. p. 140—142° (Found: N = 7:37. 
C,gH,g0sN2 requires N = 7-12 per cent.). 

y-6 : 6’-Dinitrodiphenic acid, CyyHgOgNo, was obtained by boiling 
the esters (1 gram) with sulphuric acid (20 c.c.) and water (17 c.c.) 
until the oil had disappeared. The acid, which separated on 
cooling, was purified by crystallisation from either glacial acetic 
acid or benzene, and thus obtained in thin plates, m. p. 258—259°. 
A sample of the acid, however, which had been regenerated from 
its chloride by means of dilute sodium hydroxide solution, melted 
sharply at 263° (Found: N = 8-43; equivalent = 166. C,,H,O,N2 
requires N = 8-43 per cent.; equivalent = 166). The s/annous, 
silver, lead, ferric, and copper salts are sparingly soluble in water, 
the lead salt alone being appreciably more soluble in hot water 
and separating in an indistinctly crystalline condition on cooling. 
The mercuric, cobalt, calcium, magnesium, and barium salts are 
soluble in water. 

A number of attempts were made to convert the acid into an 
anhydride by heating it with acetic anhydride either at the boiling 
point, or under pressure at 140°, alone, or in presence of a small 
amount of phosphoryl chloride. In all cases, the main portion 
of the acid was recovered unchanged. Elementary analysis of 
material, of which the equivalent was sensibly diminished, indi- 
cated that this was due rather to traces of acetic anhydride than 
to the desired anhydride. Attempts to prepare a monomethyl 
ester from any anhydride present by means of sodium methoxide 
were also fruitless. 

The chloride forms prisms, m. p. 157° (Found: N = 7-75. 
CyH,O,N,Cl, requires N = 7-59 per cent.). 

The amide separates from alcohol in crystals, m. p. 276°, 
with decomposition (Found: N =17-14. ©,,H,9O,N, requires 
N= 16-97 per cent.). 

The dianilide forms flat, diamond-shaped crystals, m. p. 232— 
234°, with decomposition (Found : N = 11-44. CygH,sO,N, requires 
N= 11-62 per cent.). 

The “ hydrazide” (formula VI, p. 597) was prepared by shaking 

y* 
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a solution of the dichloride in benzene with a solution of hydrazine 
hydrate, prepared from hydrazine sulphate (6 grams). The pre. 
cipitate was purified by boiling first with water, and then with 
alcohol. Thus obtained, it blackened without melting above 290° 
but was evidently not quite pure (Found: N = 16:35. C,,H,0,N, 
requires N = 17-08 per cent.). It was soluble in cold sodium 
hydroxide solution, giving a yellow solution, but not in dilute 
ammonia solution. 

The diacetyl derivative of the “hydrazide,” C,H ,0,N,, was 
prepared by heating a mixture of the hydrazide (1 gram) with 
acetic anhydride (4 c.c.) and anhydrous sodium acetate (2 grams) 
for fourteen hours at 150°. By crystallisation from benzene, small 
prisms, m. p. 214—215°, were obtained (Found: C = 52-16; 
H = 2-98; N = 13-87. C,,H,,0O,N, requires C = 52-43; H = 2-91; 
N = 13-59 per cent.). 


6 : 6’-Diamino-2 : 2’-ditolyl. 


This compound was prepared by the reduction of 6: 6’-dinitro- 
ditolyl, m. p. 111—112° (Ullmann and Frentzel, Ber., 1905, 38, 
725, give 110°), at the ordinary temperature in glacial acetic acid 
solution by means of stannous chloride and hydrochloric acid. It 
separates from alcohol in clusters of slender needles, m. p. 136° 
(Found: N = 13-22. C,,H,,N, requires N = 13-20 per cent.). 

The diacetyl derivative, was produced immediately on the addition 
of acetic anhydride to the base, and in a condition sufficiently pure 
for the subsequent oxidation. It separated from aqueous alcohol 
in clusters of transparent needles, m. p. 205° (Found: N = 9°65. 
C,H ,0,N, requires N = 9°46 per cent.). 


y-6 : 6’-Diacetylaminodiphenic Acid. 


6 : 6’-Diacetylamino-2 : 2’-ditolyl (7:2 grams) was boiled with 4 
solution of potassium permanganate (20°8 grams), and crystallised 
magnesium sulphate (15°2 grams) in water (1040 c.c.) until the 
solution was decolorised. The filtered solution was concentrated 
to 250 c.c., cooled, and acidified with sulphuric acid. , The product 
showed a marked tendency to form supersaturated solutions, and 
usually did not separate until the measures usual in such cases 
had been taken, when it was obtained in large prismatic crystal. 
At higher temperatures needles were obtained, but these gave 
place to prisms when a sample of these was added at the ordinary 
temperature. The acid did not melt below 300°. For analysis 
it was crystallised from methyl alcohol (Found: N = 78; 
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equivalent = 180. C,gH,,O,N, requires N = 7°86 per cent.; 
equivalent = 178). 


The Dilactam of y-6: 6’-Diaminodiphenic Acid. 


A. From y-6: 6’-dinitrodiphenic acid.—A solution of the acid 
(09 gram) in glacial acetic acid (25 c.c.) was treated with concen- 
trated hydrochloric acid (18 c.c.) and stannous chloride (6°3 grams), 
and the mixture heated until solution was complete. It was not 
found possible to free the bulky white precipitate from tin by the 
usual methods. This was achieved, however, by sublimation, 
although the process was very tedious and wasteful. (A more 
convenient procedure, subsequently discovered, is described below.) 
In this way pale yellow needles were obtained, which were insoluble 
in all the usual solvents (Found: N = 11°99, 12°30. C,,H,O,.N, 
requires N = 11°86 per cent.). 

B. From ethyl y-6: 6’-dinitrodiphenate.—The reduction of the 
ester was carried out in a similar manner to that of the acid, with 
the exception that the temperature was kept below 40°. A separ- 
ation occurred in this case also, but a small proportion (ca. 20 per 
cent.) of the material was obtained as a basic oily substance in 
the usual manner. Even at the ordinary temperature, however, 
this slowly changed into a sparingly soluble yellow product, which 
seemed to be a carbethoxyaminophenanthridone (Found : C = 62°16; 
H=504; N= 10°46. C,,H,,0O,N, requires C = 68°10; H = 4°96; 
N = 9°93 per cent.). 

The material from the reduction, which was insoluble in alkali 
or in ether, easily dissolved in warm concentrated sulphuric acid. 
On gradual addition of water, greenish-yellow prisms separated, 
which were purified by recrystallisation in a similar manner (Found : 
N= 11°70, 11°41 per cent.). 

C. From diacetyldiaminodiphenic acid.—(1) The acid (5 grams) 
was boiled with acetic anhydride (50 grams). A finely divided 
slid was almost at once produced, but the operation was con- 
tinued for ten hours. The material obtained was insoluble in all 
the usual solvents, and was purified by boiling it with benzene 
(Found: N = 11°97 per cent.). 

(2) The acid (1 gram) was boiled with 70 per cent. sulphuric 
acid (6 c.c.) for twenty-five minutes. Separation of a pale yellow 
solid commenced almost immediately, and a further quantity was 
fnally obtained by dilution (Found: C = 67:90, 67:90; H = 3°72, 
372; N=11°91. C,,H,O,N, requires C = 71:19; H = 3°39; 
N= 11°86 per cent.). 

The material from each of these experiments did not melt below 

y* 2 
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300°, and could be sublimed. It was insoluble in all the usyal 
solvents, but easily soluble in concentrated sulphuric acid, giving a 
solution with a beautiful blue fluorescence. It also dissolved in cop. 
centrated alcoholic potassium hydroxide solution, but was reprecipi- 
tated on dilution with water. In all these respects it corresponds 
exactly with phenanthridone. It will be noted that the values 
for carbon are in each case very low, but they are much too high 
for alternatively possible formule, for example, a compound with 
only one lactam ring. Even these results, however, were only 
obtained when the material was mixed with lead chromate and 
potassium dichromate in a combustion tube packed with lead 
chromate. Under ordinary conditions the result was 15—20 per 
cent. too low. The satisfactory agreement of the values for hydro- 
gen and nitrogen leaves little room for doubt as to the composition 
of the material. 


1 : 10-Dimethyl-5 : 6-naphthaisodiazine. 

A solution of 6: 6’-dinitroditolyl (5°6 grams) in methyl alcohol 
(200 c.c.) was treated in the course of forty-five minutes with 
3 per cent. sodium amalgam (250 grams),with cooling. The alcoholic 
solution, after concentration, was diluted with water. The precipi- 
tated material was purified by crystallisation from dilute alcohol, 
and obtained in pale yellow, transparent prisms, m. p. 96—97 
(Found: N = 13°57. C,,H,.N, requires N = 13°46 per cent). 


The authors wish to express their thanks to The British Dye- 
stuffs Corporation for supplies of o-toluidine, and to Messrs. Whifien 
and Son for the sodium iodide, used in these experiments. One of 
them also wishes to thank the Corporation for the opportunity of 
collaborating in this work. 
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LXV.—Arylsulphonylnaphthylenediamines and their 
Sulphonic Acids. 


By Gitpert T. Morecan and Wi1AM Rosrnson GRIST. 


Tux reactions described below constitute a simple and general 
method of preparing the arylsulphony] derivatives of 1 : 4-naphthy!- 
enediamine and their sulphonic acids. Hitherto the only know 
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member of this series, benzenesulphonyl-1 : 4-naphthylenediamine, 
has been obtained by a roundabout process from «-naphthylamine 
through 4-nitro-«-naphthylamine by converting the latter substance 
into its benzenesulphonyl derivative and by reducing the latter 
(Morgan and Micklethwait, T., 1905, 87, 1308). 

0. N. Witt and Schmitt (Ber., 1894, 27, 2370) showed that toluene- 
psulphonyl-«-naphthylamine coupled with benzenediazonium 
chloride, giving a para-azo-derivative (I) from which by reduction 
they obtained 1 : 4-naphthylenediamine. 

We have found, however, that the reduction can be effected 
smoothly and completely without the removal by hydrolysis of 
the arylsulphonyl group. Accordingly, while one reduction pro- 
duct is aniline, which can be recovered quantitatively, the other is 
toluene-p-sulphonyl-1 : 4-naphthylenediamine (II). 

This reaction has been generalised by examining a large number 
of cases, and in every instance the arylsulphony]l-1 : 4-naphthylene- 
diamine (II) has been obtained readily and in satisfactory yield 
(Eng. Pat., application 19392/19. Fr. Pat. 132339). The com- 


A 
NH-SO,R’ NH-SO,R’ 
(1.) (IL.) 


pounds represented by the general formula II are useful synthetic 
agents having a high degree of stability when compared with the 
very oxidisable 1:4-naphthylenediamine. They contain, in the 
position marked by an asterisk, a reactive hydrogen atom which 
undergoes replacement in the production of ortho-azo-dyes, thiazole 
derivatives, and other substitution products which are under 
investigation. 

The symbol R’ represents a univalent aromatic radicle, such as 
phenyl, tolyl, «- or 8-naphthyl. This general reaction has also been 
extended to the production of more complex arylenedisulphonylbis- 
|:4-naphthylenediamines having the group formula (III). 


NH, 
rY > 
AZ 
NB-SO,*R’”-SO,-NH 
(IIL.) 


where R” is a bivalent radicle such as 1:3-phenylene or a naph- 
thylene group. 
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The arylsulphonyl-«-naphthylamines and arylenedisulphonylbis. 
a-naphthylamines produced by condensing «-naphthylamine respect. 
ively with arylsulphonyl and arylenedisulphony] chlorides ali couple 
readily with diazonium salts such as benzenediazonium chloride to 
yield the aryl-4-azo-derivatives (I). 

By modifying the experimental conditions the «-naphthylamine. 
sulphonic acids can be condensed with arylsulphonyl chlorides to 
furnish arylsulphonyl-«-naphthylaminesulphonic acids. When the 
sulphonic group is in position 6, 7, or 8, the arylsulphony] derivatives 
give 4-azo-compounds reducible to 1 : 4-naphthylenediamine deriy. 
atives, those from «-naphthylamine-8-sulphonic acid being repre. 
sented by the formula IV. With the sulphonic group in position 
4 or 5, one obtains 2-azo-compounds which on reduction yield deriy. 
atives of 1 :2-naphthylenediamine, those from «-naphthylamine-5. 
sulphonic acid being indicated by formula Y. 


NH, NH-SO,R’ 
‘4 Y) 
ANZ \Z 
HO,8S NH:SO,R’ HO,S 
(IV.) (V.) 
Of the two groups of substituted diamines, the para-series (IV) 
give yellow diazo-derivatives coupling to form azo-compounds with 


phenols and the more reactive aromatic amines, whereas the ortho- 
series (V) furnishes non-coupling ortho-diazoimides. 


EXPERIMENTAL. 


I. Arylsulphonyl-1 : 4-naphthylenediamines 
(General Formula 11). 


Benzenesulphonyl-1 : 4-naphthylenediamine, the simplest member 
of this series (Morgan and Micklethwait, Joc. cit.), more conveniently 
prepared from benzene-4-azobenzenesulphonyl-«-naphthylamine by 
reduction with zinc dust and dilute sodium hydroxide solution as 
detailed below, was obtained in acicular crystals melting at 188° 
(Found: N = 9°52. Calc., N = 9°39 per cent.). 


(i) Toluene-p-sulphonyl-1 : 4-naphthylenediamine, 
C,H,SO,-NH-C,,H,-NH,. 

The starting-point in this preparation was toluene-p-sulphonyl- 
«-naphthylamine, made by triturating 2 parts of «-naphthylamine 
with 3 parts of p-toluenesulphony] chloride in the presence of 2 parts 
of fused sodium acetate, the final product being obtained in theor- 
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cical yield after the mixture had been washed successively with 
varm 2N-sodium carbonate solution and hot water. 

Benzene-4-azotoluene-p-sulphonyl-«-naphthylamine, prepared by 
adding benzenediazonium chloride to a well-stirred alkaline solu- 
tion of the foregoing sulphonamide, was obtained as a viscous 
dium salt soluble in dilute alcohol, from which the free azo-com- 
pound was precipitated as a brilliant red powder on the addition of 
\/2-acetic acid. Recrystallised from alcohol, this substance was 
obtained in fine, felted masses of orange-red crystals melting at 
03° (Witt., loc. cit., gives 201°). It was readily and completely 
reduced by the following methods :— 

(1) Equal parts of the azo-compound and zine dust and 5 parts 
of 2N-sodium hydroxide solution were heated at 100° in a reduc- 
tion vessel arranged for rapid stirring in a stream of hydrogen. 
After fifteen minutes the bright colour of the azo-compound had 
disappeared, the vessel was rapidly cooled in ice, and the contents 
filtered without delay into excess of N /2-acetic acid, when the base 
was precipitated as a pale mauve, flocculent solid which was washed 
with chloroform to remove coloured oxidation products: yield 61 
per cent. of theory. 

(2) Sodium hyposulphite (4 grams) dissolved in 20 c.c. of water 
was added to 4 grams of benzene-4-azotoluene-p-sulphonyl-«- . 
naphthylamine dissolved in 25 c.c. of 5N-sodium hydroxide solution 
diluted with 250 c.c. of water. The solution was warmed at 50—60°, 
stirred until colourless, and then filtered into dilute acetic acid, 
the product being crystallised from alcohol. 

(3) Ten parts of the azo-compound were dissolved in 40 parts of 
alcohol diluted with 40 parts of water and containing 1 part of 
ammonium chloride. To the boiling solution 10 parts of zine dust 
were added; the mixture, stirred until the red colour had disap- 
peared, was then filtered into dilute acetic acid. 

Toluene-p-sulphonyl-1 :4-naphthylenediamine crystallised from 
alcohol in tablets melting at 185—188° (Found: N = 9:07. 
(\,H,,0,N,S requires N = 8°97 per cent.). Of the three reduction 
processes the second gave the purest product, although requiring 
the longest time for completion. 


(ii) Naphthalene-«-sulphonyl-1 : 4-naphihylenediamine, 
a-C, 9H,"SO,* NH-C,)H,-N Hog. 
Naphthalene-«-sulphonyl-«-naphthylamine (5°75 grams), prepared 
from naphthalene-x-sulphony! chloride and «-naphthylamine by the 
general method [I. (i)], was dissolved in 8°5 c.c. of 5N-sodium hydr- 
oxide diluted with water to 1000 c.c., this naphthalide being very 
sparingly soluble. 
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The calculated amount of benzenediazonium chloride was added 
to the cooled solution with stirring, when a bulky orange precipitate 
of the azo-compound was obtained: yield 7°5 grams. 

The reduction of the azo-compound took place normally, requir. 
ing for the above quantity 8 grams of zinc dust and 100 cc. of 
2N-sodium hydroxide. The product was a pale mauve powder, m. p, 
194° (Found: N=8:1l. C, 9H,,0,N,S requires N = 8°04 per cent,), 


(iii) Naphthalene-8-sulphonyl-1 : 4-naphihylenediamine, 
8-C,,>H,SO,-NH-C,,H,-NH,. 


Naphthalene-8-sulphonyl-«-naphthylamine was first prepared as 
in the foregoing cases, when a theoretical yield was obtained. The 
benzeneazo-compound yielded a sodium salt in a much more granular 
form than the corresponding compound in I. (ii). The free azo. 
derivative precipitated from alcoholic solution by dilute acetic acid 
had a dark brick-red colour and melted at 176°. 

By using the method and quantities given under I. (ii) this azo. 
compound was readily reduced and the base precipitated by 
N/2-acetic acid as a pale mauve solid closely resembling its toluene. 
sulphonyl homologue. After washing with chloroform the base 
melted at 199°: yield 90 per cent. (Found : N = 7°82. C,)H,,0,N,8 
‘requires N = 8°04 per cent.). 


II. Arylenedisulphonylbis-1 : 4-naphihylenediamines. 
(General Formula III.) 


(i) Benzene-1 : 3-disulphonylbis-1 : 4-naphthylenediamine, 
C,H,(SO,-NH-C,,H,-NH,)>. 


Benzene-| : 3-disulphonylbis-«-naphthylamine (m. p. 245°) was 
prepared by grinding two molecular proportions of «-naphthylamine 
with one of benzene-1:3-disulphonyl chloride and three of fused 
sodium acetate. Four grams of the product dissolved in 100 c.c. of 
dilute sodium hydroxide (5 c.c. of 5N-sodium hydroxide and 100 c.. 
of water) were treated with a diazonium chloride solution prepared 
from 1°5 grams of aniline. The dark orange azo-compound was 
reduced with zinc dust and sodium hydroxide as in former cases, and 
the product was a pale mauve powder which melted at 190—195' 
(Found: N = 10°95. C,,H,,0,N,S, requires N = 10°81 per cent). 


(ii) Naphthalene-2 : 7-disulphonylbis-1 : 4-naphthylenediamine, 
CioH,(SO,-NH-C,,H,-NH,),. 
Naphthalene-2:7-disulphonyl chloride and the 2: 6-isomeride 
required in the following preparations were obtained from the 
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rerystallised sodium salts of the corresponding isomeric 2:7- and 
9:6-disulphonic acids. 

Naphthalene-2 : 7-disulphonylbis-«-naphthylamine was obtained 
ssa pale lilac product melting above 250°, the yield being 80 per 
ent. of the calculated quantity. The dark reddish-brown benz- 
eneazo-derivative of the foregoing compound was reduced as in 
former cases, although the time required to complete the reaction 
yas rather longer. The product obtained had the characteristic 
physical properties of the series and did not darken below 300° 
(Found: N = 9°47. Cy gH,,0,N,S, requires N = 9°86 per cent.). 


(iii) Naphthalene-2 : 6-disulphonylbis-1 : 4-naphthylenediamine. 


This substance prepared by the general method, was a pale— 
almost colourless—pink powder, darkening at 150°, intumescing at 
165°, and melting at 180° (Found: N = 9°36. C, 9H,,0,N,8, 
requires N = 9°86 per cent.). 


(iv) Naphthalene-1 : 6-disulphonylbis-1 : 4-naphthylenediamine. 


Naphthalene-1 : 6-disulphonyl chloride (1 gram) was mixed 
intimately with 0°9 gram of «-naphthylamine and 0°9 gram of fused 
sodium acetate, giving a bright orange, almost liquid paste, finally 
becoming quite hard. This product was ground to powder and 
warmed cautiously with 10 c.c of 2N-sodium carbonate solution, then 
collected and finally washed with warm water, when it was obtained 
asa pale lilac-coloured, granular solid. This dissolved with difficulty 
in 150 c.c. of N /5-sodium hydroxide and to the cooled solution was 
added benzenediazonium chloride from 0°45 gram of aniline. A yield 
of 25 grams of the bright red azo-compound was obtained on the 
addition of 10 c.c. of 2N-acetic acid. The reduction of this substance 
was brought about readily by dissolving it (2°5 grams) in 5 c.c. of 
5N-sodium hydroxide and 100 c.c. of water and treating with 3 grams 
of zine dust. The reduction was complete in twenty minutes at 
100° and the liquid was cooled rapidly and filtered into 50 c.c. of 
N/2-acetic acid, when the base was obtained as an almost white 
powder darkening slightly when dried, but not melting below 250° 
(Found: N = 9:27. Cy9H,,0,N,8, requires N = 9°86 per cent.). 


(v) Naphthalene-1 : 5-disulphonylbis-1 : 4-naphthylenediamine. 


In this preparation it was found to be essential to start from 
purified naphthalene-1 : 5-disulphonyl chloride. 

Twelve grams of commercial “ Armstrong salt” (sodium naph- 
thalene-1 : 5-disulphonate) were dried at 110°, mixed with 16 grams 
of phosphorus pentachloride and 10 c.c. of dry toluene, and the 
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mixture stirred at 100° for thirty minutes. The crude naphthalene. 
1 : 5-disulphonyl chloride was purified by extraction with benzene 
and crystallisation from this solvent. The purified sulphonyl 
chloride melting at 175° was mixed intimately in a warm morta 
with two molecular proportions of «-naphthylamine and ap. 
hydrous sodium acetate. The resulting naphthalene-1 : 5.dj. 
sulphonylbis-x-naphthylamine was coupled in alkaline solution with 
benzenediazonium chloride (2 mols.) and the azo-derivative was 
precipitated completely on adding 2N-acetic acid. This benzene. 
azo-compound (Found: N = 11°15. Cale., N = 11:26 per cent,), 
of which 2-2 grams were obtained from 1 gram of naphthalene-| : 5. 
disulphonyl chloride, was reduced with 2 parts of zinc dust and 3 
parts of 5N-sodium hydroxide in 50 parts of water at 100°. The 
addition of acetic acid to the filtered solution precipitated the mauve 
diamine, which did not melt below 250° (Found: N = 964. 
C39H,,0,N,S, requires N = 9°86 per cent.). 


Ill. Arylsulphonyl-1 : 4-naphthylenediaminesul phonic 
Acids. 


When the method described above for the condensation of the 
sulphonyl chlorides with «-naphthylamine was applied to similar 
experiments in which the «-naphthylaminesulphonic acids were 


used in place of «-naphthylamine, it was found that no perceptible 
reaction took place, but that on addition of a relatively small 
quantity of pyridine the condensation proceeded to completion. 


(i) 1-T'oluene-p-sulphonyl-1 : 4-naphthylenediamine-8-sul phonic 
Acid (Formula IV). 


Five grams of «-naphthylamine-8-sulphonic acid, 4°3 grams of 
toluene-p-sulphonyl chloride, and 3 grams of fused sodium acetate 
were ground up intimately in a warm mortar; three drops of pure 
dry pyridine were added and the trituration continued. A reaction 
occurred, the brown paste formed was boiled with 20 c.c. of 
N/2-sodium carbonate solution forthwith for ten minutes and the 
liquid then cooled. The condensation product dissolved to a clear 
solution. 

The benzeneazo-compound was made as in former cases, the 
benzenediazonium chloride from 1°8 grams of aniline being poured 
into the foregoing solution, to which 5 c.c. of 5N-sodium hydroxide 
solution had been added. The liquid became brilliant scarlet, 
but no precipitate of azo-compound could be observed even when 
a portion of the coloured liquid was saturated with sodium chloride. 
The azo-compound was reduced in solution by boiling with 10 grams 
of zine dust and 25 c.c. of 5N-sodium hydroxide and with further 
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quantities of zinc dust (10 grams) and of 5N-sodium hydroxide 
(0 c.c.); the decolorisation of the solution required about one 
hour, air being excluded by passing hydrogen into the reduction 
vessel. After cooling, the liquid was filtered into dilute acetic 
acid, when a fine, yellowish-white precipitate formed. This product, 
when removed by filtration, washed with a little water and dried, 
yas obtained as a light purple powder, soluble in water (Found : 
§= 15°43. C,,H,,0;N,S,Na requires S = 15:45 per cent.). 


(ii) 1-Toluene-p-sulphonyl-1 : 4-naphthylenediamine-6 (7)-sulphonic 
Acid. 

Commercial Cleve’s acid was condensed with toluene-p-sulphony] 
chloride as in the preceding preparation; the resulting toluene-p- 
sulphonyl-x«-naphthylamine-6- and 7-sulphonic acids were converted 
into benzeneazo-derivatives and these colouring matters were 
reduced as before, yielding a mixture of the sodium salts of the 
toluene-p-sulphonyl-1 : 4-naphthylenediamine-6- and 7-sulphonic 
acids. 

This mixture and the two preceding compounds were diazotised 
and the diazo-derivatives mixed with @-naphthol and pyridine; 
in each case coupling occurred, thus showing that these sulphonic 
acids were all derived from 1 : 4-naphthylenediamine. 


IV. Arylsulphonyl-1 : 2-naphthylen ediaminesul phonic 
Acids. 


(i) 1-Toluene-p-sulphonyl-1 : 2-naphthylenediamine-4-sul phonic 
NH-SO,°C,H, 


Five grams of naphthionic acid, 4°3 grams of toluene-p-sulphony] 
chloride, and 3 grams of fused sodium acetate were ground up 
ina warm mortar, the reaction being promoted by the addition 
of two drops of pyridine. 

The crude product was boiled with 20 c.c. of N /2-sodium carbonate 
lution and the filtered solution cooled and treated successively 
with 5 e.c. of 5N-sodium hydroxide and the diazo-solution from 1°8 
grams of aniline. On salting out, a brilliant scarlet precipitate 
was formed, which tended to coalesce in a viscous mass, but no 
decomposition was observed. This substance was washed with a 
little water, warmed to decompose unaltered diazo-compound and 
then reduced with 10 grams of zinc dust and 50 c.c. of 2N-sodium 
hydroxide. When the reduced solution was filtered into dilute acetic 
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acid, a yellowish-brown precipitate was deposited of sodium 1-toluene. 
p-sulphonyl-1 : 2-naphthylenediamine-4-sulphonate (yield 1:1 grams) 
(Found : 8 = 15°32. C,,H,;0;N,S,Na requires S = 15°45 per cent) 

The foregoing reduction was also effected by dissolving the azo. 
compound in 50 per cent. alcohol and adding an equal weight o 
zinc dust and one-tenth the weight of ammonium chloride. 


(ii) 1-T'oluene-p-sulphonyl-1 : 2-naphthylenediamine-5-sul phonic 
Acid (Formula V). 


Five grams of «-naphthylamine-5-sulphonic acid, 4°3 grams of 
toluene-p-sulphony] chloride, and 3 grams of fused sodium acetate 
were ground up in a warm mortar with 1 c.c. of pyridine. Th 
mixture, at first semi-liquid, rapidly stiffened and was finally washed 
from the mortar with sodium carbonate solution and then boiled 
for ten minutes. The whole of the residue passed into solution, 
10 c.c. of 5N-sodium hydroxide were added, and the benzeneazo. 
derivative was prepared by adding the diazo-solution from 14 
grams of aniline. The coupling took place rather slowly, but in 
about half an hour a brick red precipitate had formed. After 
one hour, salt was added and the mixture left overnight. The dark 
red precipitate was then reduced with 10 grams of zinc dust and 5) 
c.c. of 2N-sodium hydroxide, and when the red colour had dis 
appeared (thirty minutes) the solution was cooled and filtered 
into dilute acetic acid, when sodium 1-toluene-p-sulphonyl-l :? 
naphthylenediamine-5-sulphonate was obtained as a pale yellov 
precipitate. 


We desire to express our thanks to the Advisory Council for 
Scientific and Industrial Research for grants which have partly 
defrayed the expense of this investigation. 
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LXVI.—Researches on Residual Affinity and Cv 
ordination. Part III. Reactions of Seleniwm and 
Tellurium Acetylacetones. 


By Girsert T. Morcan and Harry Dueatp Kerrn Drev. 


Wen tellurium tetrachloride and acetylacetone interact in dilute 
solution in chloroform (B.P.) a yellow substance, C,H,,0,Cl,Te (I), 
is obtained which owes its origin to the intervention of ethy] chloride 
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Nuenefm produced by the action of hydrogen chloride on the ethyl alcohol 
nt in the solvent. The compound can also be prepared 

\Bither by treating tellurium acetylacetone dichloride (I) with 
dhyl chloride and hydrogen chloride in chloroform solution or 

{by boiling this dichloride with B.P. chloroform saturated with 


hydrogen chloride. 


O°C,H 
CuCl CH,C% TeCl, 
een eae it | 
_-— HC CH, 
“m \co% 
had ” —— a (IL.) 
CH,° % P ‘9 5 Y 
ticoce, + 3KCl + KHTe0, + H,0. 
(III) 


A study of the properties of this additive compound has thrown 
uexpected light on the constitution of tellurium acetylacetone 
dichloride and confirms in a direct manner the formule for the 
aetylacetones of tellurium suggested in our former communication 
on this subject (T., 1920, 117, 1459). When treated with dilute 
potassium hydroxide solution the additive compound decomposes 
quantitatively, giving rise to the O-ethyl ether of acetylacetone (III), 
potassium chloride, potassium tellurite, and water. This reaction 
not only shows that the additive compound, C;H,,0,Cl,Te, is 
tellurium O-ethylacetylacetone trichloride (II), but it also supports 
the cyclic structure (I) advocated for tellurium acetylacetone 
dichloride. 

0-Ethylacetylacetone has been prepared by the action of ethyl 
iodide on silver acetylacetone, but in this operation the product 
contains a considerable proportion of C-ethylacetylacetone (Curtis, 
Amer. Chem. J., 1895, 17,435). The foregoing reaction should there- 
fore afford a means of preparing in a state of purity the O-alkyl 
ethers of acetylacetone and its homologues. This anticipation has 
been realised in the following instance. Benzoylacetone condensing 
with tellurium tetrachloride in chloroform B.P. yields telluriuwm 
O-ethylbenzoylacetone trichloride, transparent yellow prisms (m. p. 
140°), which on treatment with alkali hydroxides gives rise to 
0-ethylbenzoylacetone. 

The uncertainty attaching to the mode of enolisation of benzoy!- 
acetone (Nef, Annalen, 1893, 277, 73; Scheiber and Herold, 
Ber, 1913, 46, 1107) extends to the constitution of tellurium 
U-ethylbenzoylacetone trichloride, which may have either of the 
following configurations : 
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O O-C,H,, 
7 64s TeC cf ne 
CHC 5 — Ci ies 


C SH HC CH 
ie ae \oo% 
(IV.) (IVa.) 


The results described in the present communication lend support ty 
the former of these formulz, inasmuch as tellurium O-ethylbenzoyl. 
acetone trichloride is produced directly from tellurium tetrachloride 
and benzoylacetone without the intermediate formation of an 
analogue of tellurium acetylacetone dichloride, a product whieh 
arises from acetylacetone and tellurium tetrachloride owing to the 
possibility, in this case, of the formation of a six-membered hetern. 
cyclic ring (formula I). 

Tellurium acetylacetone, which is prepared most readily by 
reducing tellurium acetylacetone dichloride with alkali hydrogen 
sulphite (4 mols.) at 0°, combines additively with bromine or iodine 
in chloroform solution, furnishing respectively tellurium acetylaceton 
dibromide (colourless prisms decomposing at 157—159°) or di-iodide 
(purple red crystals decomposing at 141—143°). These halogen 
compounds are also available for the synthesis of O-alky] ethers of 
acetylacetone (compare Ruhemann, T., 1904, 85, 1180; Claisen, 
Ber., 1907, 40, 3909). 

The behaviour of selenium acetylacetone towards several aromatic 
amines and hydrazines has been studied, and the results show that 
this compound reacts in a characteristic manner towards these bases, 
selenium being eliminated and acetylacetone derivatives of the bases 
being produced. 

1. Aromatic Hydrazines.—The reaction between selenium acetyl. 
acetone (1 dimeric molecule) and p-nitrophenylhydrazine (2 mols) 
has been examined in detail ; the organic products are p-nitrobenzene- 
azoacetylacetone (1 mol.) (formula V), 1-p-nitrophenyl-3 : 5-di- 
methyl pyrazole (V1), and di-p-nitrophenylhydrazinoacetylacetone (VII). 

CH=C(CH,)._ 7 NOs C,HyNyC<COHY CH, am 
O — : 
Paws 
— 


C(CH.)—CH " 


\. >> 28e + 2H,0 


~ , ~s* CHy'O(NH-NH-C,H,'NOs)2 (vil) 
CH=C(CH,) H,C-CO-CH, 


2. Primary Aromatic Amines.—Selenium acetylacetone reacts 
with one or two molecular proportions of aniline, selenium ® 
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diminated completely, and 1 :3-dianilinoacetylacetone (VIII) is 
produced together with oily products. 


CO-CH,‘NH-C,H, CO-CH,‘NH-C,H,NO, 
HO-NH-C,H, HC 
CO-CH, C(OH)-CH, 
(VID. (IX.) 


With p-nitroaniline (2 mols.) in alcoholic solution the reaction 
takes a somewhat dissimilar course. Selenium is set free as before 
and two organic products arise, namely, 1-p-nitroanilinoacetylacetone 
(IX) and a compound which is probably p-nitroanilinoethoxyacetyl- 
acetone : 


CO-CH,"0°C,H; CO-CH,NH°C,H,-NO, 
HO:-NH-C,H, NO, or HC-0:C,H; 
CO-CH, CO-CH, 
(X.) (Xa.) 


In the case of the latter compound the solvent alcohol has taken 
part in the reaction. 

Only one of the foregoing three nitrogenous derivatives of acetyl- 
acetone, namely, 1-p-nitroanilinoacetylacetone (IX), retains the 
property of forming a copper derivative and of developing a color- 
ation with ferric chloride. 

Selenium acetylacetone in alcoholic solution serves to distinguish 
the primary and secondary amines from tertiary bases. In the 
former cases selenium is eliminated on warming gently, whereas this 
element is not set free by the tertiary bases. 


EXPERIMENTAL. 


Tellurium O-Ethylacetylacetone Trichloride, 
CH,°C(O-C,H,):CH-CO-CH,-TeCl,. 


A solution of 7°8 grams of acetylacetone (2 mols.) in 30 c.c. of dry 
chloroform was added to 10°4 grams of tellurium tetrachloride 
dissolved in 120 ¢.c. of the same solvent * and the clear, pale yellow 
liquid left at the summer temperature for fourteen hours, when a dense 
orange-yellow oil separated. The mixture was boiled under reflux 
for one and a half hours, during which period a considerable evolution 
of hydrogen chloride occurred with a slight separation of tellurium. 
The resulting liquid was poured from a small amount of dark heavy 
oil and the chloroform reduced to a few c.c. by evaporation under 


* The chloroform used was of B.P. quality dried over calcium chloride 
for several days and fractionated. 
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reduced pressure; tellurium acetylacetone dichloride (2°3 grams) 
separated, and the mother liquor evaporated until an oily product 
was left, which soon crystallised ; this material was spread on porous 
tile to remove acetylacetone and the solid residue (5°7 grams) was 
then crystallised successively from chloroform and benzene-light 
petroleum, when it separated in large, pale yellow, obliquely trun. 
cated, tabular prisms melting at 106—107° to a pale yellow liquid 
from which black tellurium was rapidly deposited (Found: (= 
23°61, 23°01; H = 3°15, 3°20; Cl= 29°40, 29°67; Te = 35:%, 
35°26. [C,H,,0,Cl,Te], requires C = 23°28; H=3°07; Cl= 
29°47; Te = 35°32 per cent. The molecular weight by the cryo. 
scopic method in benzene (0°98 gram in 100 grams) was 368; n=] 
requires M = 361). 

Tellurium O-ethylacetylacetone trichloride is sparingly soluble in 
cold water with slow decomposition; it dissolves sparingly in ether 
or carbon tetrachloride, more readily in benzene or chloroform, but 
is practically insoluble in light petroleum. It crystallises best from 
carbon tetrachloride or from benzene-light petroleum (40 c.c. : 60...) 
but is not recoverable from its solution in acetone. When heated 
in solvents above 80° it decomposes with elimination of tellurium, 
and in ordinary benzene this reaction is accompanied by the forn- 
ation of an intensely blue oil. The purified substance is inodorous 
and has a somewhat astringent, slightly acidic taste; it gives a 
acid reaction with blue litmus paper even in dry ether. Cold 
aqueous potassium bisulphite (3 mols.) liberates tellurium, giving 
O-ethylacetylacetone (partly hydrolysed), potassium chloride, 
and sulphurous and sulphuric acids. It is readily decomposed 
by alkali carbonate or hydroxide, yielding O-ethylacetylacetone 
(partly hydrolysed), sodium tellurite, and chloride; it is hydrolysed 
slowly even by water. 

Production of O-Ethylacetylacetone-—Twenty grams of telluriun 
O-ethylacetylacetone trichloride were shaken with 12°4 grams of 
potassium hydroxide (4 mols.), 300 c.c. of water and 300 c.c. of 
chloroform; heat was generated, a white, amorphous precipitate 
(KHTeO,) separated, and the chloroform extract after drying over 
sodium sulphate was fractionated, when 5 grams of O-ethylacetyl 
acetone were obtained (b. p. 179—181°/755 mm.). This preparation, 
which possessed the fragrant odour of crushed dahlias, had the 
properties ascribed to the O-ether by Nef and Curtis (/oc. cit.), 
yielded (1) acetaldehyde and acetylacetone on warming with 
hydrogen peroxide, and (2) p-nitrobenzeneazoacetylacetone with 
p-nitrobenzenediazonium acetate. It did not form a semicarbazone 
with semicarbazide hydrochloride in alcoholic sodium acetate solution, 
but the semicarbazide was decomposed, yielding hydrazoformamite 
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NH,,CO‘NH-NH-CO-NH,, melting at 254° (Found: N = 47°33. 
(,H,0.N, requires 47°45 per cent.; compare Ber., 1894, 27, 57). 
The O-ether was also prepared by Nef’s method from ethyl iodide 
and silver acetylacetone and after removing the C-ether by aqueous 
sodium hydroxide solution, this preparation of the O-ether was found 
to be identical with the product from the tellurium compound. It 
had a delayed action on ferric chloride and gave no precipitate 
with aqueous copper acetate solution. 


Tellurium O-Ethylacetylacetone Trichloride from Tellurium 
Acetylacetone Dichloride. 


1. Interaction with Ethyl Chloride——Powdered tellurium acetyl- 
acetone dichloride (2°5 grams) and an ice-cold solution of 4 c.c. of 
ethyl chloride in 30 c.c. of B.P. chloroform were added successively 
to 50 c.c. of this solvent saturated with hydrogen chloride at the 
ordinary temperature. The solid partly dissolved on shaking 
and passed completely into solution on the water-bath. The 
transparent orange solution was heated under reflux for half an 
hour, cooled, treated with 2 c.c. of ethyl chloride, and heated again 
for one hour. The clear liquid decanted from a drop of dark oil 
was evaporated under diminished pressure, when a residue of 
2 grams was obtained, which speedily solidified and proved to be 
identical with the foregoing tellurium O-ethylacetylacetone tri- 
chloride. 

2. Interaction with B.P. Chloroform and Hydrogen Chloride.— 
Two grams of powdered tellurium acetylacetone dichloride were 
heated for one and a half hours under reflux with 80 c.c. of B.P. 
chloroform saturated with hydrogen chloride. The solid dissolved 
and the solution, treated as in the foregoing experiment, yielded 
tellurium O-ethylacetylacetone trichloride (m. p. 106°) identical in 
ill respects with the foregoing preparation. 

When tellurium acetylacetone dichloride was heated with ethyl 
chloride and B.P. chloroform alone, the solid dissolved only slowly, 
and after several hours’ boiling, with occasional addition of ethyl 
chloride, the greater part of the dichloride was recovered unchanged, 
but a small quantity of tellurium O-ethylacetylacetone trichloride 
was identified. It is evident, therefore, that the reaction is accel- 
erated by the presence of hydrogen chloride, although the gas is 
not essential to the process. 

Ethyl chloride in pure carbon tetrachloride did not lead to any 
of the O-ether, inasmuch as very little tellurium acetylacetone 
dichloride dissolved even on prolonged boiling. 

Tellurium Acetylacetone Dibromide, C;H,0,:TeBr,.—This  di- 
bromide is obtained most conveniently through the tellurium 
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acetylacetone dichloride. The latter compound is prepared by the 
method previously described (T., 1920, 117, 1462). Attempts to 
improve this process showed that tellurium tetrachloride and 
acetylacetone do not interact to form the dichloride in dry ether or 
carbon tetrachloride, but on adding B.P. chloroform to the reagents 
in the latter solvent a small yield of tellurium acetylacetone dichloride 
was obtained, although considerable reduction to metallic tellurium 
occurred simultaneously. 

The reduction of tellurium acetylacetone dichloride to tellurium 
acetylacetone is greatly facilitated by adding gradually with 
vigorous shaking powdered potassium bisulphite (4 mols.) to an 
ice-cold aqueous suspension of the dichloride, when a 90 per cent, 
yield of tellurium acetylacetone is obtained with only slight elimin. 
ation of tellurium. 

The solubility of tellurium acetylacetone in 100 c.c. of water 
was 1°6 grams at the boiling point and 0°3 gram at the ordinary 
temperature; it dissolved more readily in sodium hydrogen car. 
bonate to a yellow solution stable in the cold but decomposed on 
boiling; the solubility in sodium carbonate was greater, but the 
solution even less stable on warming. 

Tellurium acetylacetone dibromide separated in colourless crystals 
on adding 0-4 gram of bromine dissolved in 35 c.c. of chloroform 
to 150 c.c. of chloroform solution containing 0°5 gram of tellurium 
acetylacetone at 0°. At higher temperatures tellurium was elimin- 
ated and a lachrymatory product obtained. When crystallised 
from chloroform, acetone, ethyl alcohol, or glacial acetic acid, 
the dibromide separated in colourless prisms which darkened 
at 129° and intumesced at 159°, giving black tellurium and 4 
lachrymatory oil. When, however, the crystallisation took place 
from solution in methyl alcohol a new variety of the dibromide 
separated, which darkened at 120° and intumesced violently at 
124°. When crystallised from ethyl alcohol this more fusible 
variety reverted to the less fusible modification. The latter product 
was analysed (Found: Br = 41°41. C;H,O,Br,Te requires 4147 
per cent.). 

The existence of two varieties of tellurium acetylacetone dibromide 
as revealed above led to a re-examination of tellurium acetylacetone 
dichloride. The latter compound when crystallised from B.P. 
chloroform or ethyl alcohol separated in prismatic needles, darkened 
at 155° and decomposed at 169—173° without noticeable intumes- 
cence. From methyl alcohol, however, the substance separated in 
compact, colourless prisms darkening at 140° and decomposing 
with intumescence at 157° : crystallisation from ethy] alcohol raised 
the decomposition point of the second variety to 168°, thus indicating 
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, transformation to the original modification (compare Vernon, 
T,, 1920, 117, 86, 889). 

Tellurium <Acetylacetone Di-iodide, C;H,O,:Tel,—The addition 
of iodine to tellurium acetylacetone was effected in chloroform as 
in the case of the dibromide. Tellurium acetylacetone di-iodide 
separated in reddish-violet or heliotrope crystals, appearing almost 
black when massive ; the powdered crystals were violet and on heat- 
ing they blackened at 120° and decomposed somewhat indefinitely 
at 141—143° (Found : I = 52°31. C,;H,0,I,Te requires I = 52°95 
per cent.), This decomposition point was not affected by crystal- 
sation from acetone, but after separating from solution in hot 
methyl alcohol the di-iodide was obtained in light red crystals 
which darkened at 114° and decomposed at about 121—126°. 
Accordingly the di-iodide, like the dibromide and the dichloride, 
exists in two varieties which in the present case exhibit differences 
of colour. 

The dibromide and the di-iodide are decomposed by alkalis with 
dimination of halogen and formation of a white, amorphous preci- 
pitate soluble in excess; they are reduced to tellurium acetylacetone 
by cold aqueous potassium bisulphite solution (4 mols.). Unlike 
the dichloride and the dibromide, the solid di-iodide is at once 
decomposed, yielding tellurium, when moistened with concentrated 
hydrochloric acid. 

Tellurium O-Eihylbenzoylacetone Trichloride, 

C,H,-C(O-C,H,).CH-CO-CH,-TeCl,, 
or OH -CO-CH:C(O-C,H;)-CH,-TeCl,.—Tellurium tetrachloride and 
benzoylacetone interact in B.P. chloroform, and _ preliminary 
experiments showed that the optimum result was obtained with 
these reagents in molecular proportions. Tellurium tetrachloride 
(4 grams) and benzoylacetone (3°8 grams) were dissolved in 
10 ec. of dry B.P. chloroform, the solution being boiled under 
reflux for one and a half hours. Hydrogen chloride was con- 
tinuously evolved, the solution gradually assuming a red colour. 
The transparent red liquid, decanted from a trace of tellurium 
ad a few drops of yellow oil, was concentrated in a vacuum 
desiccator until a crystalline product separated. This substance, 
fred from red impurity by washing with a few c.c. of cold 
chloroform, was crystallised from chloroform, when the solution, 
iltered from traces of tellurium and tellurous oxide, yielded 
pale yellow, transparent crystals. The chloroform mother liquors 
fumished further crops of this substance, the yield of purified 
‘ompound being 80 per cent. of the calculated amount. The use 
if two molecular proportions of the diketone to one of tellurium 
trachloride gave less favourable results even when the proportion 
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of chloroform was varied; the product was contaminated yj 


resulting tellurium O-ethylbenzoylacetone trichloride was effected } 
crystallisation from hot chloroform, carbon tetrachloride or benzene! 
light petroleum being employed to decrease the solubility. Yelloy,fMiui 
prismatic tablets were thus obtained darkening at 138° and decoy. 
posing at 140° (Found: Cl = 24°83; Te = 30°16. C,.H,,0,C1,1: 
requires Cl = 25°15; Te = 30°14 per cent.). 

The trichlorides derived from acetylacetone and benzoylaceton 
do not give immediate colorations with ferric chloride, although 
the colour is slowly developed. 

Tellurium O-ethylbenzoylacetone trichloride is somewhat les 
soluble than the trichloride derived from acetylacetone. It is 
decomposed by prolonged boiling above 80°, and although ver 
soluble in acetone it is not recoverable from this medium. It i 
decomposed by hydroxylic solvents and is slowly attacked by 
moisture, alkalis, and alkali bisulphite. When two parts dissolved 
in 30 parts of chloroform were shaken with one part of potassium 
hydroxide (4 mols.) in 10 parts of cold water, an appreciable rise 
of temperature was observed and a white precipitate (probably 
KHTeO,) produced. The chloroform extract, dried over sodium 
sulphate and distilled, yielded O-ethylbenzoylacetone as a viscid 
oil with a pleasant odour of dahlias, but somewhat fainter than that 
of O-ethylacetylacetone. 

The O-ether gave a delayed action with aqueous-alcoholic ferre 
chloride solution and did not form a copper salt. 

An aqueous-alcoholic solution of hydroxylamine sulphate, 
O-ethylbenzoylacetone, and sodium acetate was warmed on the 
water-bath until the odour of the O-ether disappeared, the liquid 
was treated successively with sodium hydroxide and mineral acil 
and extracted with ether. The ethereal extract, evaporated to 
dryness, left a residue which consisted of phenylmethylisooxazol 
and a small amount of benzoylacetone. The latter was removed by 
dissolving in ether and extracting with aqueous sodium hydroxite 
solution. The tsooxazole obtained from the ether crystallised frou 
light petroleum in colourless needles melting at 69° (Claisen and 
Lowman gave 67—68°. Ber., 1888, 21, 1150). 


Report on the Crystallographic Characteristics of the 
Tellurium O-Ethylacylacetone Trichlorides. 


1. Tellurium O-Ethylacetylacetone Trichloride—This substan 
was kindly examined by Mr. T. V. Barker. The crystals a 
anorthic and exhibit the forms 6{010!, m{110!, a{100}, n{lll, 
c{001', and r{I01}, the habit being tabular parallel to b{010; and 
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(010). m(110). a(100). (110). —-¢(001). r(101). 
ws 0° 0" *39° 43’ *86° 24’ 137° 11’(—2') *98° 34’ 262° 32’(—41’) 
ee ce 8 9 0 99 0 90 0 *16 14 *37 45 


The Fedorov angular elements { are :—[010] : [011] = 52° 14’, 
Fre. 1. Fia. 2. 


gl 


a 


i ee a 


F 
' 
' 
‘ 


m 


H 


t The orthodox (axial-ratio) form of crystal elements does not readily 
lend itself to the preparation of a gnomonic or stereographic projection in 
the case of an anorthic or monoclinic crystal, and is therefore of little 
practical use in crystallography. The above angular elements, consisting of 
four interzonal angles and one interfacial angle, allow of the preparation 
of an accurate projection within five minutes’ time (as compared with the 
hour or so involved in the use of axial ratios), and their universal adoption 
is therefore much to be desired on practical grounds. It will be readily 
realised that the first and third angles vanish in the special case of the 
monoclinic system, for the first angle becomes the complement of the 
second, and the third is necessarily 90°. It must be added that axial ratios 
tan be computed from the angular elements by the simple operation of 
dividing one sine by another. The converse derivation of angles from axial 
tatios, on the other hand, is a most tedious and exhausting process. Angular 
tlements are therefore much to be preferred; they possess the additional 
advantage in principle that they can be actually measured on the two- or 
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[O11] : [001] = 41° 17’, (100) : (010) = 86° 24’, [001] : [Toy 
= 36°41’, [101]: [100] = 37° 15’; __ alternatively, a:b:¢- 
1-182 : 1: 1:198, « = 86° 29’, 8B = 106° 4’, y = 94° 25’. 

Trans., 001/100/010. Complex-symbol, (4h ; 16) 493 (+-2; 5,—50), 

2. Tellurium O-Ethylbenzoylacetone Trichloride.—This substane 
was also examined by Mr. Barker. The crystals are monoclinic an 
exhibit the forms m/{110}, 5{010}, o{111}, r{101} and s{IOl! in 
the relative proportions illustrated in Fig. 2. Following are the 
results of measurement of three crystals. 

b(010). = m(i10). = r(101). ~—-8(T01). o(111). 

Azimuth (¢) 0°0’ *54°17" =: 90°. 0"—s 270° 0’ — 58° 34’ (4 8) 
Polar distance (p) 90 0 90 0 *47 18 *36 56 51 48 (-2) 

There is a fair cleavage parallel to m{110}. The angular elements 
are 56° 35’, 42° 42’, 37° 53’; alternatively, a:b : c=0°7288 : 1 : 0°6600, 
B = 99° 25’. 

Trans., 101/101/010. Complex-symbol, (4d; 6) 55(5). 


Reactions of Selenium Acetylacetone. 


1. With p-Nitrophenylhydrazine—Finely powdered _ selenium 
acetylacetone (2°15 grams) and 1°85 grams (2 mols.) of freshly pre. 
pared p-nitrophenylhydrazine were mixed in 25 c.c. of absolute 
alcohol and the mixture heated under reflux on the water-bath for 
one hour; red selenium separated and p-nitrobenzeneazoacety!. 
acetone was precipitated, the reaction being accompanied by a slight 
evolution of gas. The azo-derivative and selenium, now changed 
into the grey variety, were collected and separated by extracting 
the former product with acetone in a Soxhlet apparatus; the yields 
of selenium and p-nitrobenzeneazoacetylacetone were 0°93 and 1? 
grams respectively, the corresponding calculated amounts bei 
0°96 and 1:5 grams. The azo-compound crystallised from glacial 
acetic acid in lustrous greenish needles, differing in this respect from 
the orange-brown needles (from glacial acetic acid) or the golder 
yellow needles (from acetone) of the preparation obtained fro 
p-nitrobenzenediazonium acetate and acetylacetone. The different 
is, however, probably due to a slight contamination of the green fom 
with finely divided selenium. The various, coloured modificatios 
of p-nitrobenzeneazoacetylacetone melted from 219° to 221° al 
mixtures of these varieties showed no appreciable depression 


three-circle goniometer. No practical objections can be urged against th 
retention of axial ratios in systems of higher symmetry than the monociilit 
since the all-important angles (the constants actually measured and put # 
practical use in crystallography) can be readily deduced therefrom with te 
aid of a table of natural tangents.—(T. V. B.) 
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melting point. On analysis the green form gave N = 17°07. 
(,,H,,0,N; requires 16°87 per cent. 

The filtrate from selenium and azo-compound was evaporated to 
Bf dryness, and the soft, orange-red, crystalline deposit was freed from 

traces of resinous matter by washing with a small amount of cold 
alcohol; the residue dissolved partly in cold benzene and the 
filtrate on concentration left almost pure 1-p-nitrophenyl-3 : 5- 
dimethylpyrazole (0°5 gram). ‘The final mustard-yellow residue 
insoluble in benzene was di-p-nitrophenylhydrazinoacetylacetone. 
The yield of pyrazole was only 42 per cent., but in all probability a 
larger proportion was formed, the loss being due to the difficulty 
of separating this somewhat fusible and soluble product from resinous 
impurities. When crystallised from dilute acetic acid the pyrazole 
separated in characteristic, hair-like, orange-yellow needles felting 
into woolly masses ; it melted at 102° (Found : C = 60°41; H = 5:15; 
N= 19°85, 19°90. C,,H,,O,N, requires C = 60°81; H = 511; 
N = 19°35 per cent.). 

|-p-Nitrophenyl-3 : 5-dimethylpyrazole crystallised from alcohol 
in compact prismatic crystals, very sparingly soluble in water; it 
gave no red coloration with 5N-sodium hydroxide, but dissolved in 
cold concentrated sulphuric acid to a pale red solution. 

Di-p-nitrophenylhydrazinoacetylacetone, 

CH,-C(NH-NH-C,H,-NO,),-CH,*CO-CHsg, 
the mustard-yellow, sparingly soluble by-product of the foregoing 
condensation, after being washed with alechol and warm acetone, 
sintered on rapid heating at 206° and melted at 218° to a red liquid 
evolving gas (Found: N = 22°03, 22°25. C,,H,0;N, requires 
21°65 per cent.). 

Inasmuch as the two preceding compounds would also arise by 
the interaction of p-nitrophenylhydrazine on acetylacetone, a com- 
parative study was made of this condensation. 

p-Nitrophenylhydrazine and Acetylacetone.—p-Nitrophenylhydr- 
azine (3°3 grams) and 2°1 grams (1 mol.) of acetylacetone in 60 c.c. of 
absolute alcohol were heated under reflux for half an hour. The boil- 
ing solution was filtered forthwith from di-p-nitrophenylhydrazino- 
acetylacetone (1°1 grams) and the cooled filtrate deposited 0°6 gram 
of this product mixed with the pyrazole. The second filtrate, 
evaporated to dryness, yielded 2 grams of crude orange 1-p-nitro- 
phenyl-3 : 5-dimethylpyrazole, which was purified by successively 
dissolving in boiling glacial acetic acid and adding hot water, when 
the compound separated on cooling in the characteristic woolly 
needles (m. p. 102°). 

The di-p-nitrophenylhydrazinoacetylacetone crystallised from a 
large volume of acetone in thin yellow scales, but prolonged boiling 
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with this or other organic solvents led to the formation of 1-p-nitr. 
phenyl-3 : 5-dimethylpyrazole, this change occurring rapidly jy 
glacial acetic acid. On diluting the acetic acid solution with wate 
the pyrazole separated. The mother liquor contained anothe 
product even more soluble in dilute acetic acid, which was isolate 
by concentrating the solution, and purified by crystallisation froy 
boiling ethyl alcohol, when it separated in tough, prismatic, golden. 
yellow needles sintering at 192° and melting at 206°. This com. 
pound, identified as acetyl-p-nitrophenylhydrazine, was also prepared 
from p-nitrophenylhydrazine by boiling with glacial acetic acid, 
or by warming with acetic anhydride, being precipitated as befor 
on dilution with water (Found: N = 21°69. C,H,O,N, requires 
N = 21°54 per cent.). 

2. With p-Bromophenylhydrazine—Selenium  acetylacetone (2 
grams) and 2°2 grams (2 mols.) of p-bromophenylhydrazine wer 
heated together in 50 c.c. of absolute alcohol; a reaction set in 
on gently warming the solution and after half an hour 0°7 gram of 
selenium was collected (calculated amount = 0°89 gram). The 
concentrated filtrate deposited p-bromobenzencazoacetylacetone (04 
gram), crystallising from acetone, alcohol, or glacial acetic acid in 
brownish golden-yellow needles melting at 144°. It was identified 
by preparing another specimen from p-bromobenzenediazoniu 
chloride and acetylacetone coupled in presence of dilute aqueous 
sodium hydroxide solution (96 per cent. yield). This specimen 
crystallised from ethyl alcohol, benzene, light petroleum, acetone, or 
glacial acetic acid in lustrous, lemon-yellow needles of lighter hue 
than the foregoing preparation, which was probably darkened bys 
trace of selenium. A mixed melting point showed no depression 
(Found: N = 10°07. (C,,H,,0,N,Br requires N = 9°90 per cent). 

3. With Aniline—In benzene solution there was no apparetl 
interaction between aniline and selenium acetylacetone, but i 
30 c.c. of absolute alcohol, the selenium compound (2 grams) and 
freshly distilled aniline (1:2 grams = 2 mols.) interacted slowly 
the cold and rapidly on warming, when red selenium was eliminated. 
After heating under reflux for forty-five minutes the selenium, 
now transformed into the grey variety, was precipitated quanti 
tatively. The filtrate, which had an odour of phenylcarbylamin, 
was concentrated in a desiccator, when 0°65 gram of colourless 
crystals separated (m. p. 130—140°). Repeated crystallisation ed 
to the separation of dianilinoacetylacetone in colourless plates meltitg 
at 156° (Found: C = 71°84; H= 655; N=9°98. (,;Hy0z) 
requires C = 72°31; H = 6:43; N = 9°92 percent.). This produc! 
was also formed, but only in half the above yield, when one moleculst 
proportion of aniline was used in the foregoing decompositiol 
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Selenium was, however, set free quantitatively and the main product 
yas an oil containing acetylacetone, identified by its p-nitro- 
benzeneazo-derivative. 

Dianilinoacetylacetone gave neither a red coloration with ferric 
chloride nor a copper derivative with copper acetate. On boiling 
with the latter reagent reduction to cuprous oxide occurred. The 
dianilino-compound did not dissolve in aqueous alkali hydroxide 
lutions, but was very sparingly soluble in water. 

4, With p-Nitroaniline.—Six grams (1 mol.) of selenium acety]l- 
acetone and 4°68 grams (2 mols.) of p-nitroaniline were boiled under 
reflux in 30 c.c. of absolute alcohol. The selenium, changing from 
red to grey, during five hours was set free quantitatively (Found : 
263 grams, calculated 2°68). The alcoholic extract was evaporated 
to dryness and the residue (7°6 grams) dissolved in boiling alcohol ; 
the filtrate on cooling yielded 6-1 grams of a crystalline mixture, 
whilst the mother liquor contained unchanged p-nitroaniline and 
resinous matter. The product dissolved in ether (freed from alcohol) 
was shaken with aqueous copper acetate solution, when a yellowish- 
green copper derivative B was precipitated. The ethereal mother 
liquor, when dried over sodium sulphate and evaporated, yielded 
16 grams of a pale yellow compound A. This product, crystallised 
repeatedly from methylated spirit and then from benzene and light 
petroleum, separated in transparent, very pale yellow prisms or 
plates and melted at 141°. It gave similar analytical results 
whether crystallised from alcohol or from benzene-light petroleum 
(Found: C = 55°45, 55°84; H = 5°87, 6°05; N = 10°46, 10°67, 
10-64. C,3H,,0;N. requires C = 55°70; H= 5°76; N= 10°00 
per cent.). This substance, which gives analytical numbers corre- 
sponding with those of p-nitroanilino-ethoxyacetylacetone, was 
insoluble in cold 5N-sodium hydroxide, but on heating it became 
hydrolysed, yielding p-nitroaniline. It did not lose in weight on 
heating at 100°. When heated on the water-bath for one hour 
with 4:5N-sulphuric acid, p-nitroaniline was set free, the other 
constituent, of this hydrolysis being an oil with a pungent odour 
ofpepper. The substance gave no coloration with aqueous-alcoholic 
ferric chloride solution, and did not form a copper derivative. 

|-p-Nitroanilinoacetylacetone.—The copper derivative B, suspended 
in ether, was decomposed by 5N-sulphuric acid, the ethereal extract 
yielding 3:1 grams of the product, which, after crystallisation from 
methylated spirit or from benzene, separated in compact, light 
yellow prisms melting at 152° (Found: C = 55°62; H = 511; 
N=1210. ©,,H,,0,N, requires C = 55°91; H = 5°12; N = 11°86 
per cent.). This compound, which was more sparingly soluble in 
organic solvents than the preceding substance A, exhibited the 
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reactions of a 1 : 3-diketone: acidity towards litmus, solubility in 
aqueous alkali hydroxide solution to a deep red solution, intense 
but completely fugitive red coloration with alcoholic ferric chloride 
solution, and a well-defined, yellowish-green copper salt. Dilute 
mineral acids did not hydrolyse this substance except on long. 
continued boiling; warming with 5N-sodium hydroxide caused a 
complex decomposition, p-nitroaniline and a carbylamine being 
among the products. 

Acetylacetone-p-nitroanil, CH,-CO-CH,-C(CH;):N-C,H,-NO,, was 
prepared by heating under reflux acetylacetone (4 grams) and 
p-nitroaniline (1 mol.) in 20 c.c. of absolute alcohol. After one hour 
the concentrated solution yielded the anil, crystallising from alcohol 
in intensely bright yellow needles melting at 145° (Found : N = 12°92, 


C,,H,,0,N, requires N = 12°73 per cent.). This anil was oly§ L 
sparingly soluble in ether, although dissolving readily in chloroform. 
Its reaction with ferric chloride was delayed, but took place owing to 
hydrolysis. Unlike the anil from p-toluidine, it did not yield a 
quinoline derivative on treatment with fuming sulphuric acid or oe 


acetic anhydride (compare Ferriss and Turner, T., 1920, 118, 1140). 

5. Interaction of Selenium Acetylacetone and Primary and Secondary 
Amines.—When powdered selenium acetylacetone is boiled for a 
short time in a test-tube with an ethyl-alcoholic solution of a primary 
or secondary amine, a characteristic red precipitate of selenium 
makes its appearance. Since tertiary amines do not produce this 
result, the reaction affords a rapid and convenient method of 
distinguishing tertiary from primary and secondary amines. In 
the case of aromatic amines, the presence of strongly acidic groups 
(such as the nitro-group) causes the elimination of selenium to 
become much slower, whilst large groups in an ortho-position to 
the basic group may bring about the same result by steric hindrance. 
The following are the results of tests with various amines : 


Primary Amines. 


Ammonia R. 
Hydroxylamine R. 
Aniline R. 
p-Toluidine R. 
p-Nitroaniline M. 
a-Naphthylamine R. 
8-Naphthylamine R. 
a-Aminomethyl-p- 
toluenesulphonyl-s- 
naphthylamine 8. 
B-Nitro-a-naphthyl- 
amine 8. 


6-Chloro-3 : 4-tolylene- 


diamine R. 


Secondary Amines. 

Methylaniline M. 

Methyl-a-naphthy!- 
amine M. 


Methy1-8-naphthyl- 


amine M. 
Benzylaniline S. 
Diisoamylamine R. 
Dimethylamine R. 


Diisobutylamine R. 


Tertiary Amines. 


Dimethylaniline N. 

Diethylaniline N. 

Dimethy]- 8 - naphthyl- 
amine N. 

Methyl - p- toluenesul - 
phony] - 8 -naphthyl- 
amine N. 

Pyridine (brown pre 
cipitate). 

Triethylamine (intense 
reddish-violet color- 
ation followed by 
precipitate). 


R = rapid reaction; M = fairly rapid reaction ; 


S = slow reaction; 


N = no reaction. 
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The products of these tabulated reactions are under investigation. 


The authors desire to express their thanks to the Advisory Council 
for Scientific and Industrial Research for grants which have partly 
defrayed the expenses of this investigation. 
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LXVII.—The Soaps as Protective Colloids for 
Colloidal Gold. 


By Tuomas IREDALE. 


AtrHoucH the soaps in aqueous solution have long been recog- 


‘Bhised as colloidal in nature, their function as protective colloids 


does not appear to have been studied very fully. The earliest 
observation of this property of the soaps is that by Zsigmondy 
(Zeitsch. anal. Chem., 1901, 40, 709), who found that sodium oleate 
and stearate could be regarded as protective colloids by reason of 
their stabilising action on gold sols. Spring’s work (Kolloid Zeitsch., 
1909, 4, 162; 1910, 6, 11, 109, 164) on the adsorption by soap of 
soot and other materials is of interest in this connexion, as pro- 
tection may be regarded as a fundamental problem in adsorption. 
Gutbier (Kolloid Zeitsch., 1911 et seq.) studied a large number of 
protective colloids but did not include the soaps among them, 
whilst Hiege’s work (Zeitsch. anorg. Chem., 1915, 91, 145) was 
confined more or less to the study of a single property of the 
soaps—the power that they and other protective colloids possess 
of hindering the growth of gold nuclei, an important factor in 
gold hydrosol formation. 

In view of McBain’s recent researches (J. Amer. Chem. Soc., 
1920, 42, 428; T., 1919, 115, 1279), which have lent much support 
to his new conception of the soaps, investigations on their colloidal 
behaviour in various directions become a matter of great importance. 

The soaps are considered to function not only as colloids, but 
ilo as electrolytes, and as protective colloids for metal hydrosols 
they might be expected to yield some rather anomalous results ; 
for whilst they may be rich in colloid material possessing the same 
charge as the metal particles, and therefore favourable to the 
development of highly disperse sols, the presence of the sodium 

zZ2 
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or potassium ions completing their electrolytic property would tend 
in the reverse direction—to bring about coagulation. 

As Spring found in the case of soot, there is a maximum con. 
centration of soap which is able to retain the soot in suspension, 
At higher concentrations the precipitating effect of the sodium ions 
outweighs the protective effect due to the colloidal soap. 

Some investigations have now been undertaken on the behaviour 
of some typical soaps as protective colloids in gold hydrosolf* 
formation. They lend support to these ideas, but hardly corrobo- fj) 
rate McBain’s idea of the transition from colloidal to crystalloidal 
condition at extreme dilution. At so low a concentration as 
0001 per cent. some of the higher soaps have been found to 
exhibit protective properties to a remarkable degree. 


EXPERIMENTAL. 


The soaps used in all these experiments were obtained from 
Kahlbaum’s old stock, or were made from Kahlbaum’s pure acids 
by neutralisation with the theoretical quantity of freshly prepared 
sodium hydroxide solution. On evaporation to dryness and dis- 
solution in absolute alcohol the latter preparations gave no pink 
coloration with phenolphthalein. The gold solutions were made 
from chloroauric acid (recrystallised); their strengths are given in 
terms of the percentage of gold present. 

The reduction of gold chloride by hydrazine hydrate in the 
presence of starch has been studied very fully by Gutbier (Koll. 
Chem. Beihefie, 1913, 5, 244). It was found that the colour of the 
gold sols by transmitted light shifted from blue to purple as the 
concentration of the starch was increased. This is undoubtedly 
due to the protective action of the starch becoming more prominent 
at higher concentrations, and shows that gold sols become redder 
as their degree of dispersity increases. Similar effects have been 
noted in the case of the soaps, but the procedure adopted was a 
little different. 

With high concentrations of soap it was found more convenient 
to weigh out definite quantities into test-tubes, to add the requisite 
amount of water, and to warm until solution took place. After 
the addition of the gold solution, the mixture was brought to the 
boiling point, and the reducing agent—a dilute solution of hydrazine 
hydrate—added. The solutions of lower concentrations of soap 
(below 1 per cent.) were usually mobile enough to be used with a 
pipette. 

The reduction by hydrazine hydrate is usually completed in a few 
seconds, but sometimes the sol changes in colour slightly, usually 
in the direction indicative of increasing dispersity, and probably, 
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1 tendialso, of some kind of peptisation. The colours of the sols given in 
the tables are those, therefore, which were not found to alter on 
‘Biuther heating. 


TABLE I. 


10 C.c. of 0°01 per cent. gold solution reduced with 1 c.c. of hydrazine 
hydrate solution (1 : 1000). 


(oncentrationofsoap. Colourofsol. Concentrationofsoap. Colour of sol. 
None blue 10% sodium oleate red 
10% Sodium nonoate ae —-. @ as aii 
9 purple 02% ” ” 29 
os purplish-blue 0-05% ai a purplish-brown 
1% " blue 0°02%,, as brown 
10% ‘Sodium laurate = 0°01%,, blue 
50, purple 10% sodium stearate red 
ot 2% ic purplish-red 
blue ” ” 
purple ; red 
a purplish-red $ ” 
purplish-brown 0°05° purple 
blue 029 brown 
blue 


TABLE II. 


l0C.c. of O°1 per cent. gold solution reduced with 1 c.c. of hydrazine 
hydrate solution (1 : 400). 
Concentration of soap. Colour of sol. 
None blue, brownish-red by reflected 
light. Gold flocculates out. 
5 Per cent. sodium laurate o- 
sodium palmitate am 
sodium oleate wine-red 
sodium stearate blue 
wine-red 


blue 
TABLE III. 


Cc. of 0-005 per cent. gold reduced with 1 c.c. of hydrazine hydrate 
solution (1 : 2000). 


lisite 

\fter Concentration of soap. Colour of sol. 
th None purplish-blue 

) the 5 Per cent. sodium laurate blue | 

zine : po , 

P purplish-re 
— : m a blue 
th a sodi itate purplish-blue 


‘ purplish-red 
few , brown 
ally ‘ » 9» blue 
bl sodium oleate purplish-red 
DIY, sodium stearate - 
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From these results it is obvious that there is in most cases 4 
maximum concentration of soap which is able to produce a gold 
sol of the highest degree of dispersity for a given gold concentra. 
tion. As has been already stated, this is probably due to the 
presence of the sodium ions which have a coagulating action on 
the gold sol, and at high concentrations this effect may outweigh 
that of the protection afforded by the colloidal soap. 

Moreover, the alkaline nature of the soap solutions will naturally 
favour the formation of highly disperse sols at low concentrations, 
but this alkalinity decreases with increasing concentration, and 
this is another circumstance militating against high dispersity with 
high soap concentration. 

Other experiments were carried out with varying gold and soap 
concentrations and also with formaldehyde as reducing agent, but 
the results obtained merely exemplified the same principles, and 
for this reason it was not thought necessary to take up space by 
recording them. Suffice it to say, the soaps differ in one important 
respect in their behaviour from a protective colloid like zirconium 
hydroxide, which is positively charged (compare Biltz, Ber., 1902, 
35, 4438). At no particular concentration of gold and soap is it 
possible to effect mutual precipitation. 

Of the soaps examined the most efficient from the point of 
view of protection appeared to be sodium oleate and stearate, 
whilst sodium nonoate hardly acted as a protective colloid at all. 
Protection, then, only becomes pronounced when the colloidal 
nature of the soaps becomes pronounced. 

Now all these conclusions are based upon the assumption that 
the colours of gold sols are indicative of their degree of dispersity, 
and this is where a certain weakness may lie in the general argu- 
ment. At the same time, the assumption that the red gold sols 
are more highly disperse than the blue is far more reconcilable 
with the facts than the reverse assumption, whilst the idea that 
the colours are indicative of certain differences in the crystalline 
nature of the gold particles seems, in this case, much more obscure 
(compare Steubing, Ann. Physik., 1908, [iv], 26, 329). The brown 
sols that are sometimes obtained appear to be intermediate in 
their degree of dispersity between the blue and the red. Unfor- 
tunately, an ultramicroscope was not at the author's disposal, and 
a more direct confirmation of these conclusions could not be made. 

As the soaps themselves are reducing agents for gold chloride, 
some remarks on this interesting phenomenon will not be out of 
place. Colloids like gum arabic and starch (Gutbier, loc. cit.) a 
reducing agents, and so also, as Paal found (Ber., 1902, 35, 2238), 
are sodium protalbate and lysalbate. In all these cases an assump 
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tion must be made that the first stage in the reduction process 
consists of the formation of an unstable gold salt or gold complex. 
The breaking up of this gold complex into metallic gold and an 
organic residue produces the gold hydrosol. 

Now it is easy to understand how oxalic acid or sodium oxalate 
behaves as a reducing agent, as the gold oxalate that is formed 
can easily decompose into carbon dioxide and metallic gold. Sodium 
acetate or valerate is a much less efficient reducing agent, probably 
because of the difficulty of decomposing the corresponding gold 
salt. But the sodium salts of the higher fatty acids, for example, 
sodium stearate, palmitate, and even laurate (sodium oleate is a 
good reducing agent, probably on account of its unsaturated 
character), were found to be very efficient in this respect, and 
this is probably on account of their more complex, colloidal nature. 
The decomposition of the gold salts may readily take place, because 
the organic residue can easily be absorbed in the colloid-complex. 
Qn McBain’s theory of the aggregation of ions to form: complexes, 
or on any similar theory, this explanation seems perfectly feasible. 

Further experiments were carried out with the ruby-red sols 
obtained with the aid of sodium oleate and stearate. They were 
prepared from solutions containing 1 per cent. of sodium oleate 
or stearate and 0-1 per cent. of gold, and also from solutions 
containing 0°5 per cent. of sodium oleate and 0°01 per cent. of 
gold. Reduction took place on heating, but the final stages of 
the process were effected by dilute hydrazine hydrate solution. 
Owing to the tendency of the more concentrated solutions to 
gelatinise, they were diluted to about four times their original 
volume, and were then dialysed for three days. They were after- 
wards evaporated nearly to dryness on a water-bath, the final 
desiccation being effected by sulphuric acid in a vacuum. Such 
preparations were dark purple, and contained up to 10 per cent. 
of gold. The author was not able to prepare satisfactory colloids 
containing much more than this percentage of gold, which indicates 
the inferiority of the soaps as protective colloids compared with a 
substance like sodium lysalbate. 

The dried solids redissolved in warm dilute alkali solutions to 
give purple or .purplish-red sols, which seemed, on keeping, to be 
as stable as ordinary soap solutions of the same concentration. 

The original ruby-red sols change to blue on the addition of 
aid, which coagulates the soap. The gold is deposited with the 
soap when the latter is salted out, for example, with sodium 
chloride, and the pink colour of the coagulated mass gradually 
changes through purple to blue. The action of alcohol on these 
‘ls is very interesting. When a ruby-red sol is diluted to about 
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twice its volume with absolute alcohol the colour gradually changes, 
as before, through purple to blue, sometimes in less than an how, 
and the change is accelerated by heating, but there is no coagula. 
tion of the soap itself. This is an interesting case of the coagulation 
of a gold sol by the destruction of the protective colloid responsible 
for its stability, as the soaps lose their colloidal character in alcoholic 
solution (Krafft, Ber., 1899, 32, 1584). 

Zsigmondy (loc. cit.) found that sodium stearate had as low, 
gold number as 0°01 at the boiling temperature, whilst sodium 
oleate gave numbers from 0°4 to 1. Compared with starch and 
some varieties of gum arabic these numbers are comparatively lov, 
and would suggest that these two soaps were very good protective 
colloids. Gortner (J. Amer. Chem. Soc., 1920, 42, 597) redetermined 
the gold numbers of sodium lysalbate and protalbate, obtaining 
values from 0°10—0-20, and suggested that the efficiency of these 
protective colloids was very much overrated. On the whole, there. 
fore, it would seem that Zsigmondy’s gold numbers, whilst affording 
some idea of the protective value of colloids at great dilution, are 
not altogether indicative of their efficiency as protective colloids 
in definite colloid preparations. 

Hydrazine is a very rapid reducing agent, and, therefore, whilst 
giving rise to the instantaneous formation of a large number of 
gold nuclei favourable to the development of the most highly 
disperse sols, it cannot be diffused throughout the gold solution 
with sufficient rapidity to produce the maximum effect in this 

. way. At the same time certain important properties of protective 
colloids are overlooked when this reducing agent is used. By 
employing sodium oxalate, which is much less rapid in its reducing 
action, the author has been able to investigate more fully two 
very important properties of the soaps as protective colloids, 
(i) the power of hindering the formation of the gold hydrosol by 
interfering with the function of the gold nuclei as crystallisation 
centres, a phenomenon studied in another way by Hiege (loc. cit.), 
and (ii) the power of peptising the gold sol from a low to a high 
degree of dispersity. This reducing agent, however, can only be 
used with very low concentrations of soap, but the protective 
properties of the latter are still very pronounced, sometimes at 80 
low a concentration as 0°0001 per cent. 

Solutions of the soaps (0°03 per cent.) were prepared by dis- 
solution of the dried substances in water by warming for some 
time on the water-bath. In most cases the solutions became very 
cloudy on cooling, and a little sediment was usually deposited 
after a day or two. It was found possible, however, to use the 
solutions even after some weeks if they were again warmed o 
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TABLE IV. 


30 C.c. of 0°01 per cent. gold solution reduced with 1 c.c. of 2 per cent. 


sodium oxalate solution. 
Approximate time 
of sol formation 
Concentration of protective colloid. Colour change of sol. in minutes. 
blue 2} 
sodium nonoate - 3 
sodium laurate blue to purple 
pe - blue 
sodium palmitate blue to purple 
- se blue 
sodium oleate purple to purplish-red 
blue to purple 
as ee blue 
sodium stearate blue through purple 
to purplish-red 
blue to purple 
” ” blue 
sodium cerotate blue through purple 
to purplish-red 
blue 
purple through 
purplish-red to red 


tu 
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> ’9 
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or 


blue through purple 
to purplish-red 


blue to "purple 
blue 


8 
3 
33 
43 
4 
3 
2 


roe 


the water-bath, and used immediately on cooling. The lower 
concentrations of soaps indicated in the tables were made by 
imple dilution from 0°03 per cent. concentration. 

The reduction of the gold solutions was undertaken in batches 
of 30 c.c. at a time in a 100 c.c. Jena glass beaker, which was so 
heated that the solutions began to boil in about two and a half 
minutes. Small variations in the initial temperature of the reduc- 
tion mixture in each case, due to alteration in the room tempera- 
ture, did not affect appreciably the results obtained. In order to 
counteract evaporation losses due to ebullition water was added 
to the solution from time to time, and in this way it was possible 
0 preserve fairly accurately the initial volume of solution. (The 
ise of a reflux condenser is unnecessary and unsatisfactory, as its 
iesence is inconvenient when the gold solution is being tested.) 
The reducing agent was added at the moment the beaker con- 
taining the gold solution was placed over the Bunsen flame, and 
the time taken for complete reduction noted. It was very difficult 
0 detect the actual end-point of the reduction, but in the first 
“ries of experiments portions of the solutions were tested with 


iydrazine from time to time to ascertain if any further darkening 
z2* 
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in colour would take place. By frequent repetition of the exper. 
ments a more satisfactory estimate of the end-points was obtained, 
but the actual times, as shown in the accompanying tables, cannot 
be relied upon with very great accuracy. They serve to show ip 
some cases, however, what an enormous effect certain of the soa 
have on the time of formation of the gold hydrosol. 

The colour change—from blue through purple to red—is up. 
doubtedly due to a peptisation of the colloidal gold, and is the 
reverse of that found by Zsigmondy and others for the coagulation 
process. 

The behaviour of the soaps in this way, compared with a pro. 
tective colloid like gelatin, is indicated in the table on p. 631. 

Menz (Zeitsch. physikal. Chem., 1909, 66, 129) found that the 
protective effect of gelatin increased with decreasing size of the 
gelatin ultramicrons, and similar effects may be noted in the 
above table. Both sodium oleate and stearate appear to havea 
more pronounced effect in hindering the formation of the sol ata 
concentration of 0°001 per cent. than at 0°01 per cent., probably 
because at the lower concentration the colloidal soap particles ar 
smaller in size, and may be more strongly adsorbed. This seems 
quite a feasible assumption, but may not apply so readily to the 
case of gelatin. The ultramicroscopic character of the gelatin 
solutions is probably determined by the past history of the original 
gelatin solution from which they were derived, and subdivision o 
the particles may not take place so readily on dilution as in the 
case of the soaps. The power of peptising the sol seems, however, 
to rest on high concentration of protective colloid, and it does not 
appear to follow from these results that a concentration of pro- 
tective colloid which produces the greatest delay in sol formation 
will also give rise to the most efficient peptisation. Sodium cerotate 
seems exceptional in this respect, that at a concentration of 001 
per cent. its peptisation and hindrance effect are both extremely 
pronounced. 

McBain (loc. cit.) maintains that at a great dilution both dis 
sociated and undissociated soaps are crystalloids of simple molecular 
weight, but these results scarcely bear this out. Experiments were 
therefore carried out in alcoholic solution, where the soaps exist a 
true crystalloids. Owing to the slight solubility of sodium oxalate 
in alcohol, solutions containing more than two-thirds their volume 
of alcohol could not be used in the reduction process, but the 
small amount of soap present would no longer exist in the colloidal 
state in such solutions. As will be seen from the following table 
the soaps as crystalloids are without any protective or peptisilg 
action whatever, whilst gelatin, despite the fact that the alcohol 
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would tend to precipitate it, still retains some of the properties it 
possesses in truly aqueous solution. 


TABLE V. 


30 C.c. of 0°01 per cent. gold solution containing 66 (volume) per cent. 
of alcohol reduced with 1 c.c. of 2 per cent. sodium oxalate solution. 


Approximate time 


Concentration of the protective of sol formation 
colloid. Colour change in sol. in minutes. 


None blue 2} 
(01 per cent. sodium laurate 


palmitate 

oleate 

stearate | 

- cerotate 
gelatin blue through purple 
to purplish-red 

v001 ,, a blue to purple 3h 
00001 ,, a blue 3 


Whatever alteration the addition of the alcohol produces in the 
surface tensions of the solutions under investigation, the soaps in 
the truly molecular condition are evidently not appreciably adsorbed 
by the gold particles, and cannot function, therefore, as protective 
colloids. In this condition they resemble sucrose and urea, which 
are known to be without protective effect. The protective action 
of soaps in aqueous solution at great dilution depends, therefore, 
on their hydrolysis, and it seems reasonable to suppose that the 
principal product of the hydrolysis is truly colloidal in nature. 


Careful conductivity measurements of dilute soap solutions, with 
and without the addition of colloidal gold (for example, Bredig’s 
pure gold sols) and also, perhaps, cataphoretic measurements, 
would probably yield some very interesting results, and these 
might throw much light upon the problem of protection. 


Summary. 


Some typical soaps have been examined as to their protective 
action in gold hydrosol formation. 

They have been found to exhibit very pronounced protection, 
but the lower soaps possess the defect that, with increasing con- 
‘entration, the coagulating action of the sodium ions commences 
0 outweigh the stabilising influence of the colloidal soap. 

The protective property is manifest at very great dilution, and 
it would seem here that the product of the hydrolysis of the soaps 


is still truly colloidal in nature. 
z* 2 
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In alcoholic solution, as crystalloids, the soaps are without any 
protective action. 


My thanks are due to Professor Schofield for his friendly advice 
and encouragement throughout this investigation, and to the 
Committee of Award of Science Research Scholarships in this State 
for a scholarship which has enabled me to carry it out. 
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UNIVERSITY OF SYDNEY. [Received, February 17th, 1921.] 


LXVIII.—The Interaction of Ethylene and Sulphur 
Monochloride. 


By Freperick GEORGE Mann, WILLIAM Jackson Pope, and 
(the late) Richarp HENRY VERNON. 


Gipson AND Pope (T., 1920, 117, 271; Eng. Pat. 142875 of 1918) 
were the first to record with sufficient experimental justification 
that sulphur monochloride can form additive compounds with 
unsaturated hydrocarbons; they showed that ethylene is absorbed 
by sulphur monochloride with formation of £(’-dichlorodiethy! 
sulphide and separation of sulphur. By reason of its importance 
in the preparation of one of the chief materials used in chemical 
warfare, this reaction has been studied by a number of chemists, 
and many questions of detail have thus presented themselves for 
discussion and experiment. The above-named workers stated 
that the reaction was best carried out at about 60°, because at 
that temperature absorption proceeded rapidly, whilst at higher 
temperatures, with sulphur monochloride of ordinary purity, 4 
considerable secondary reaction occurred in which hydrogen chloride 
was produced with a diminution of the yield of 8§’-dichlorodiethy! 
sulphide. Later, it was contended by A. G. Green that the product 
obtained at lower temperatures, namely, at about 30°, is 6’-dichloro- 
diethyl disulphide, (CH,Cl-CH,),S:S, because the atom of sulphur 
liberated in the reaction does not crystallise out from the absorption 
product as it does at higher temperatures; in support of this view 
reference was made to the work of Guthrie (Quart. Journ. Chem. 
Soc., 1861, 13, 134) in which he described a compound having the 
composition last given as contained in the reaction product of 
ethylene with sulphur monochloride. 

A considerable amount of evidence has been adduced 
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show that the liberated sulphur just above referred to is not in 
combination as a disulphide, but is merely retained in a state of 
“pseudo-solution’”’; the additional evidence on this question 
brought forward in the present paper seems to prove definitely 
that the same product, $$’-dichlorodiethyl sulphide, is formed 
at all temperatures between 30° and 100° by the interaction of 
ethylene and sulphur monochloride, and to indicate that the 
disulphide is an entirely mythical substance. The material which 
Guthrie obtained by treating sulphur monochloride with ethylene 
at 100°, and to which he assigned the composition of a dichloro- 
diethyl disulphide, (C,H,Cl),8,, and which acts as a feeble vesicant, 
cannot be obtained as a chemical individual. It is hence im- 
possible to believe that the interaction product of ethylene and 
sulphur monochloride at 30° is a disulphide identical with Guthrie’s 
disulphide, first, because the former has been now proved to be 
merely a solution of sulphur in the monosulphide, secondly, because 
the latter apparently does not exist. 

Whilst Gibson and Pope expressed the absorption of ethylene 
by sulphur monochloride by equation (1) as a direct interaction 
of the two constituents yielding $@’-dichlorodiethyl sulphide with 
separation of sulphur, Conant, Hartshorn, and Richardson have sup- 
posed that the reaction cecurs between sulphur dichloride, present 
asa dissociation product of the monochloride, and ethylene, giving 
a intermediate compound of the constitution CH,Cl-CH,°SCl, 
which later interacts with a further quantity of ethylene to yield 
3’-dichlorodiethyl sulphide. We show in the present paper that 
the latter compound is formed in the quantities required by equation 
(l) even during the early stages of the reaction; the mechanism 
proposed by Conant and his collaborators is thus not in accordance 
with the facts. 

Different workers on this subject have obtained very different 
vields of 86’-dichlorodiethyl sulphide by the interaction of ethylene 
and sulphur monochloride; Gibson and Pope obtained yields up 
to 98 per cent. of theory, whilst the American workers obtained 
ly about 80 per cent. The explanation of the discrepancy is 
given in the present paper; when pure ethylene is absorbed by 
highly purified sulphur monochloride at 60°, the yield is in the 
neighbourhood of 80 per cent. of theory, but when the ethylene 
‘arries a small amount of alcohol vapour the yield rises to 99 per 
‘ent. of theory. Insufficient scrubbing of the ethylene prepared 
fom alcohol was thus responsible for the high yields. 

Since Gibson and Pope always obtained a high yield, they did 
tot observe the formation of a by-product of high boiling point, 
Which is produced when the low yields are obtained by the use of 
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pure materials. Conant and his co-workers observed the occur. 
rence of considerable amounts of this substance, which they con. 
sidered to be probably @8’-dichlorodiethyl pentasulphide, but wer 
unable to isolate; we have separated the by-product in a state of 
purity and find it to be a crystalline 68’-dichlorodiethy] trisulphide, 
which is oxidised by cold nitric acid to $-chloroethanesulphonic 
acid. 
EXPERIMENTAL. 


Sulphur Monochloride. 


The statement is current that sulphur monochloride is a well. 
defined, stable substance (Fawsitt, J. Soc. Chem. Ind., 1886, 5, 
638), and the compound is generally purified, even when required 
for determination of physical constants (Kopp, Annalen, 1858, 95, 
335), by distillation under ordinary pressures. Thorpe remarked, 
however (T., 1880, 37, 356), on distilling sulphur monochloride 
with addition of sulphur, that the first runnings are red; since 
pure sulphur monochloride is pure yellow in colour, whilst the 
dichloride is dark red, the partial dissociation of the monochloride 
into dichloride and sulphur which occurs on heating is readily 
detected. 

Pure sulphur monochloride is conveniently prepared by the 
following method. The technical material is distilled under 
ordinary atmospheric pressure with addition of sulphur and about 
1 per cent. by weight of highly absorbent charcoal, the latter 
having been shown (Pope and Heycock, Eng. Pat. 142879 of 1918) 
to act as a catalyst in a system consisting of sulphur, chlorine, and 
the sulphur chlorides. The fraction which distils above 137° is 
redistilled with addition of sulphur and absorbent charcoal under 
11 mm. pressure, when pure sulphur monochloride distils at 40° 
and condenses as a golden-yellow liquid; the first runnings are 
usually rejected, although this is probably unnecessary. Analysis 
shows the product to have the composition §,Cl,, and its colour, 
free from any tinge of red, is taken to indicate its freedom from 
higher chlorides of sulphur. 

On heating sulphur monochloride at 60° its colour darkens con- 
siderably, and the red tint acquired deepens as the temperature 
is raised to the boiling point; on cooling, the colour becomes rather 
lighter, but the pure yellow colour of the original preparation is not 
regained even after many weeks’ standing. When this feebly 
red-tinted material is treated with absorbent charcoal the colour 
immediately reverts to the original pure yellow. Sulphur mono- 
chloride thus undergoes slight dissociation into sulphur dichloride 
and sulphur when heated, and, in the absence of a catalyst such as 
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charcoal, the re-establishment of equilibrium proceeds very slowly 
after cooling. Whilst it is thus shown experimentally that a system 
consisting of the components 8,C1,, SCl,, and § can retain its red 
colour for a long time in the absence of a catalyst, it may be 
expected that one of S,Cl,, 8, and Cl, could preserve a pure yellow 
colour for some length of time under similar conditions; in fact, 
Aten has shown (Zeitsch. physikal. Chem., 1906, 54, 72) that solu- 
tions of chlorine in sulphur monochloride remain pure yellow for 
some little time. Since the establishment of equilibrium can be 
aided catalytically, it follows that the greater the purity of the 
components of the system the more sluggishly will the spontaneous 
establishment of equilibrium proceed. 

The work described in the present paper has been carried out 
upon sulphur monochloride of which the purity has been assured 
by the method of preparation just described. 


Mechanism of Reaction between Ethylene and Sulphur Monochloride. 


In place of the simple equation, 


(1) 2CH,:CH, + 8,Cl, = (CH,CI°CH,),S + 8, 


by which Gibson and Pope (loc. cit.) represented the reaction be- 
tween ethylene and sulphur monochloride, Conant, Hartshorn, and 
Richardson (J. Amer. Chem. Soc., 1920, 42, 585) substitute the 
following three : 

(2) 8,Cl, [7 $+ SCl, 

(3) C,H, + SCl, = CH,Cl-CH,’SCl 

(4) C,H, + CH,Cl°CH,*SCl = (CH,Cl’CH,),S ; 


they find evidence favouring their view in determinations of the 
depression of the freezing point of §8’-dichlorodiethyl sulphide 
by partly ethylenated sulphur monochloride, and conclude that 
reaction (3) is dominant until one molecule of ethylene has been 
absorbed for each one of sulphur monochloride originally present. 
We have made many attempts to isolate the hypothetical inter- 
mediary compound, CH,Cl-CH,°SCl, from the partly ethylenated 
swlphur monochloride, but hitherto without success. The following 
quantitative results bear upon this question. 

Sulphur monochloride (29-8 grams) was caused to absorb an 
approximately equimolecular proportion of ethylene (6-5 grams) 
at 60°; the product was then separated into three fractions by dis- 
tillation under 11 mm. pressure. The first fraction (15-5 grams), 
wollected at 30—80°, is almost pure sulphur monochloride; the 
second fraction (15 grams), collected at 96—110°, is fairly pure 
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88’-dichlorodiethyl sulphide melting at 7°; the third fraction 23M, 
grams) is a mixture of 6@’-dichlorodiethyl sulphide and trisulphi& 
and distils at 110—190°, whilst a residue (3-8 grams) of almost pur 
sulphur was obtained. Had reaction occurred in accordance with; 
equation (1), 14-1 grams of sulphur monochloride, 18-4 grams ¢ 
68’-dichlorodiecthyl sulphide, and 3-71 grams of sulphur should hay 
been obtained. 

Again, ethylene (6-2 grams) was absorbed in an approximately 
equivalent weight of sulphur monochloride (30-3 grams) at 6’, 
yielding a product (36-2 grams) with the loss of a small quantity 
(0-3 gram) of sulphur monochloride by evaporation; a portion of 
the product (35-2 grams) was then cooled in a mixture of ether and 
solid carbon dioxide. On filtering through a cooled filter in a suit. 
able apparatus, sulphur monochloride (14-3 grams) passed through 
and a residue (20-9 grams) of solid 68’-dichlorodiethyl sulphide and 
sulphur remained ; the residue melted at 3°, so that the 88’-dichlor. 
diethyl sulphide was not highly impure. The original partly 
ethylenated sulphur monochloride (36-2 grams) thus yields sulphur 
monochloride (14-7 grams) and a mixture (21-5 grams) of $6’-di- 
chlorodiethyl sulphide and sulphur; according to equation (I) it 
should have yielded 15-0 grams of the former and 21-3 grams of the 
latter. A blank experiment showed that sulphur monochloride 
does not become viscid when cooled in a mixture of ether and solid 
carbon dioxide. 

Notwithstanding the close correspondence between the above 
results and those indicated by equation (1) given by Gibson and 
Pope, and their entire incompatibility with equation (3) of Conant 
and his collaborators, it may be objected that the reaction between 
ethylene and sulphur monochloride in equimolecular proportion is 
so interfered with by reaction in accordance with equation (4) that 
the evidence is not conclusive. The American workers state, how- 
ever, “ that even after 23-8 per cent. of the ethylene had been 
absorbed, there was no dichlorodiethyl sulphide present in the 
reaction mixture’; the following results bear upon this question. 

Ethylene (3-17 grams), in quantity about one-half that indicated 
in equation (3), was absorbed in sulphur monochloride (30-35 grams) 
at 60°, the product (33-3 grams) indicating a small loss (0-22 gram) 
of sulphur monochloride by evaporation. A portion (32-6 grams) 
of the product was chilled in a mixture of solid carbon dioxide and 
ether and filtered on a similarly chilled filter; the sulphur mono- 
chloride (21-2 grams) was collected and the mixture of 8’-dichloro- 
diethyl sulphide and sulphur (11-4 grams, m. p. + 2-0°) retained 
on the filter. Hence the total weight of original product (333 
grams) would yield sulphur chloride (21-7 grams) and the mixed 
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silphur and organic sulphide (11-6 grams). Equation (1) indicates 
that 22-47 grams of sulphur chloride and 10-84 grams of the mixture 
of sulphur and sulphide should have been obtained, whilst, accord- 
ing to the statements of Conant, Hartshorn, and Richardson none 
of the latter product should have resulted. 

The quantitative data given above have been supplemented by 
much more of a similar kind, and also by oxidation experiments in 
which the 88’-dichlorodiethyl sulphide formed at various stages in 
the ethylenation of sulphur monochloride was determined by con- 
version into the solid sulphoxide. It seems superfluous to quote 
more to prove the fallacy of the mechanism suggested by the 
American workers for the ethylene-sulphur monochloride reaction. 

Whether or not the 68’-dichlorodiethyl sulphide is formed by the 
ation of ethylene on the sulphur monochloride itself or on the 
dichloride to which the latter gives rise is not yet settled. 


33’-Dichlorodiethyl Trisulphide, CH,Cl-CH,°S’S:S-CH,°CH,Cl. 


Gibson and Pope (loc. cit.) obtained yields of 88’-dichlorodiethy] 
sulphide by the action of ethylene on sulphur monochloride repre- 
senting 90 to 98 per cent. of that indicated by equation (1) above; 
they remarked that the sulphur remaining after distillation * re- 
tained a mere trace of resinous matter.’ Conant, Hartshorn, and 
Richardson (loc. cit.) obtained only an 80 per cent. yield of 
3’-dichlorodiethyl sulphide and, after distillation, noted that the 
residue “ is a thick, black tar which often contains some elementary 
sulphur ’’; their examination of this residue led them to conclude 
that it consists largely of 88’-dichlorodiethyl pentasulphide, although 
they did not isolate this compound. They also obtained a liquid 
which approximated in composition to the trisulphide. 

Gibson and Pope never obtained yields of 8$’-dichlorodiethyl 
sulphide so low as those recorded by these workers, although the 
yield is considerably influenced by the degree of purity of the 
reacting materials; further, we have never obtained a residual black 
tar which resisted separation into definite components. It is 
likely that divergencies in yields and products may be traced to 
differences in the degree of purity of the ethylene and sulphur 
monochloride used. 

It is shown in the present paper that when the product obtained 
by saturating sulphur monochloride with ethylene under various 
conditions is distilled under 11 mm. pressure, a large proportion 
of 88’-dichlorodiethyl sulphide first passes over and is followed 
by a less volatile fraction in varying proportion. When the col- 
lected higher fractions are redistilled under 5 mm. pressure, about 
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one-half is at once separated as pure ($’-dichlorodiethy] sulphide, 
whilst the remainder may be freed from this substance by repeated 
fractionation under low pressure and is ultimately obtained as , 
uniform material which boils at 146°5°/5 mm. This substange 
solidifies in the condenser and is further purified by spreading on ff? 
porous plate; this white, crystalline compound is £§’-dichlon. 
diethyl trisulphide, which has a faint, persistent odour resembling 
that of the aliphatic polysulphides and melts sharply at 27° (Found: 
C= 21-2; H=3-6; Cl = 32:03; S = 43-59. C,H,Cl1,S, requires 
C= 215; H=3-6; Cl = 31-78; S = 43-09 per cent.). 

When §§’-dichlorodiethyl trisulphide is melted on a microscope 
slide and allowed to cool it crystallises very sluggishly, but solidi. 
fication is hastened by pressing a little solid carbon dioxide on to 
the cover-slip; long, spear-shaped crystals of weak double refrae. 
tion, with the plane side often perpendicular to one optic axis of 
a biaxial material, first appear and gradually become converted 
into a second modification consisting of minute crystal fragments; 
the change becomes complete in twelve hours and the form of the 
dimorphous substance first produced has the lower melting point. 

The trisulphide is soluble in the ordinary organic solvents and is 
oxidised instantly by ice-cold nitric acid to 8-chloroethanesulphonie 
acid and sulphuric acid. The former was usually identified by 
means of its potassium salt; the trisulphide was treated cautiously 
with nitric acid while maintained at 0°, and after the oxidation, 
the acid liquid was diluted, carefully neutralised with potassium 
hydroxide, and evaporated to dryness. The mixed salts so 
obtained were dried over phosphoric oxide and then refluxed with 
absolute alcohol; the solution was filtered hot and allowed to 
cool, when potassium $-chloroethanesulphonate was deposited in 
pure white scales (Found: K = 21-42; C=13-08; H=2. 
C,H,Cl-SO,K requires K = 21-41; C = 13-14; H = 2-2 per cent.). 
Since $$’-dichlorodiethyl sulphide is only oxidised to the sulphonic 
acid by prolonged boiling with dilute nitric acid, it seems that the 
constitution assigned above to the trisulphide is to be preferred to 
any of the alternatives. 


Pseudo-solutions of Sulphur in 88’-Dichlorodiethyl Sulphide. 


When £8’-dichlorodiethyl sulphide is produced by the absorption 
of ethylene by sulphur monochloride the liberated sulphur is, under 
certain conditions, retained partly or wholly in solution; this 
sulphur, for the most part, crystallises out after heating the liquid 
at 100° and allowing to cool. Much evidence has been adduced 
to prove that the sulphur so retained in the liquid is in a state of 
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“pseudo-solution ” and is in no way combined with the §6’-di- 
thlorodiethyl sulphide. Since, however, it is contended by 
A. G. Green (J. Soc. Chem. Ind., 1919, 38, 469) that the liquid 
consists of 88’-dichlorodiethyl disulphide, (CH,Cl-CH,),S:S, a further 
proof of the non-oecurrence of the disulphide may be put forward. 

Sulphur monochloride, activated by the addition of 1 per cent. 
of finely divided iron, was saturated with ethylene at 30°, the 
silphur being retained in the liquid state at this temperature; 
the product melted at 7-0° and a portion (6-10 grams) was intro- 
duced into a small distilling flask connected, by a tube, with a 
bulb acting as a receiver. The system was then evacuated by 
aid of a Toepler pump and hermetically sealed. The receiver 
bulb was immersed in liquid air and slow distillation at the room 
temperature allowed to proceed for nineteen days, the receiver 
being kept continuously cool in boiling liquid air; at the expir- 
ation of this time the apparatus was opened and the distillate found 
to consist of 68’-dichlorodiethyl sulphide (3-85 grams) melting at 
124°. The original reaction product had thus yielded by distil- 
lation at the ordinary temperature 75-8 per cent. on theory of 
99-dichlorodiethyl sulphide, and it is shown elsewhere in this 
paper (p. 645) that the material obtained at 30° yields only about 
10 per cent. of the sulphide; it follows that the disulphide is not 
present and that the original statement that the sulphur is retained 
in a state of ‘‘ pseudo-solution”’ in $$’-dichlorodiethyl sulphide 
is correct. 

The melting point of @$’-dichlorodiethyl sulphide is depressed 
by small quantities of substances which are apparently often 
present as impurities and are retained with tenacity; the highest 
value we have observed, which is higher than any previously 
recorded, is 14:2° as the temperature at which the crystalline 
compound melts completely. 


The Absorption of Ethylene by Sulphur Monochloride. 


In order to obtain information bearing upon the causes of the 
differences in yield of £§’-dichlorodiethyl sulphide and in the 
character of the product noted by various workers, it seemed 
desirable to bring about the absorption of ethylene by sulphur 
monochloride of undoubted purity under precisely similar con- 
ditions of stirring; the effect of changes of temperature and of 
the addition of various foreign agents could then be observed. 
The sulphur monochloride, about 30 grams in each experiment, 
was contained in a set of absorption bulbs which were kept agitated 
by an electric motor running at a constant speed and were main- 
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tained at a constant temperature in a water-bath. The ethyley 
used, prepared by the action of alcohol vapour on hot punig 
saturated with syrupy phosphoric acid, was of 98 to 99 per cent 
purity; it was freed from alcohol by long preservation over wate 
in a gasometer, and was dried before use by passing through tube 
filled with pumice soaked in sulphuric acid. Efficient method 
were adopted for measuring the volume of ethylene passing inj 
the sulphur monochloride and the volume escaping unabsorbed, 
so that the amount taken up by the sulphur chloride could 
ascertained with considerable accuracy. In every case the ethylen 
was passed in at such a rate that the speed of exit of unabsorbe 
gas was kept practically constant. 

After saturating the known weight of sulphur monochlorid 
with ethylene, the absorption bulbs were weighed so that, sine 
the absorbed ethylene had been measured under standard con. 
ditions, the slight loss of sulphur monochloride by volatilisation 
with the escaping ethylene could be determined. The melting 
point of the reaction product was determined and the major portion 
weighed into a distilling flask and distilled under 12 mm. pressur 
in a very slow current of dry air; the fraction which distilled a 
100—110° under this pressure was reckoned as pure $§’-dichlor. 
diethyl sulphide, as indicated by its melting point. After this had 
passed over, the temperature was raised and a fraction collected 
at 110—180°/12 mm., which was noted as the intermediate fraction; 
this contained, as above shown, £§’-dichlorodiethyl trisulphide 
together with a considerable proportion of the monosulphide. The 
residue in the distilling flask was almost pure sulphur and was 
weighed in each case. 

The yield of $8’-dichlorodiethyl sulphide was calculated as the 
percentage on that which should have been obtained from the 
weight of ethylene actually absorbed. Since a small amount of 
the monosulphide distils with the intermediate fraction, the stated 
yields are a little too low; they are, however, strictly comparable 
amongst themselves. The appended table summarises the more 
important of the results obtained and states the different catalytic 
agents used. 

Several remarkable conclusions now become obvious. In all the 
experiments made at 60° or 61° with pure sulphur monochloride 
and ethylene, with the addition of all foreign agents excepting 
alcohol, the product is a pale yellow liquid which only deposits 
sulphur after a very considerable time; it appears that with a 
efficient temperature control the 68’-dichlorodiethyl sulphide retains 
the extra sulphur in a state of “ pseudo-solution ” at temperatures 
up to 60°. Further, the interaction of pure sulphur monochloride 
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and ethylene at 60° gives a poor yield of 88’-dichlorodiethy] sulphide, 
namely, 78 to 79 per cent. of that required by equation (1); this 
is in agreement with the results obtained by Conant, Hartshom, 
and Richardson (loc. cit., p. 592), who obtained a yield of only 80 per 
cent. on theory. This low yield of 8§’-dichlorodiethyl sulphide js 
accompanied by a high yield of the intermediate fraction from which 
we have separated the trisulphide. 

The discrepancy between these results and those of Gibson and 
Pope (loc. cit.), who obtained almost theoretical yields of 88’-dichlor. 
diethyl sulphide, is striking, and we therefore studied the effect of 
such impurities as might be present in sulphur monochloride upon 
the yield. A small proportion of thionyl chloride (No. 8) added to 
the sulphur monochloride hastens the absorption but leaves the 

-yield unaltered at 79-1 per cent.; a trace of sulphuryl chloride 
slightly retards absorption and somewhat reduces the yield (No. 9). 
The preliminary addition of 5 per cent. of $’-dichlorodiethyl 
sulphide facilitates absorption, as noted by Gibson and Pope, with 
practically no effect upon the yield (No. 6). The addition of 
88’-dichlorodiethyl sulphide and a trace of iron hastens absorption 
considerably, and a yield of 83-3 per cent. (No. 7) is obtained. 
The use of sulphur monochloride containing a small amount of 
sulphur dichloride, corresponding with an excess chlorine content of 
0-3 per cent., with addition of $$’-dichlorodiethy] sulphide, is with- 
out appreciable influence on the yield (No. 11). 

Attention was next directed to the effect of possible impurities 
in the ethylene used, and of these alcohol vapour is of most likely 
occurrence. The introduction of a small amount (0-488 gram) of 
alcohol into the passage-way of the pure ethylene increased the 
yield to 84-3 per cent. (No. 3), and when a larger quantity of alcohol 
(0-949 gram) was provided in a similar manner the yield rose to 
90-5 per cent. (No. 4). In these experiments it was noticed that the 
whole of the alcohol used was carried forward into the sulphur 
monochloride during the early stages of the absorption and a con- 
tinuous supply of alcohol to the ethylene was therefore arranged 
(No. 5); as before, the alcohol acted as a positive catalyst in increas- 
ing the speed of absorption, but the use of ethylene always carrying 
alcohol vapour raised the yield of @8’-dichlorodiethyl sulphide to 
98-8 per cent. of the theoretical value. In this experiment, and in 
its repetitions, the intermediate fraction containing the trisulphide 
becomes a very small one, and a large proportion of the sulphur 
retained in solution crystallises out on cooling. 

It is thus shown that in order to obtain the approximately 
theoretical yields of 88’-dichlorodiethyl sulphide and the deposition 
of the sulphur liberated in reaction (1), as was done by Gibson and 
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Pope, the retention of a small proportion of alcohol vapour by the 
ethylene is essential. 

The presence of a trace of water vapour in the ethylene slightly 
hastens the absorption but is without effect upon the yield; this is 
shown by an experiment (No. 10) in which the ten litres or so of 
ethylene used were moistened by a continuous supply of water 
(0-18 gram). 

The 88’-dichlorodiethyl sulphide preparations referred to above 
were made at about 60°, the temperature which Gibson and Pope 
found to give the most satisfactory results. On attempting to effect 
the reaction at 30° absorption occurred so slowly that the introduc- 
tion of a catalyst, in the form of 0-005 gram of iron, was found 
desirable; the reaction then required eighteen hours for completion 
(No. 12), and the yield of 88’-dichlorodiethyl sulphide was only 
68:2 per cent.; at the same time, the intermediate fraction, con- 
taining the trisulphide, was twice as large as those obtained at 60°. 
This result has been repeated several times and shows that much 
better yields of $$’-dichlorodiethyl sulphide are obtained at 60° 
than at 30°. 

A. G. Green observed (loc. cit.) that, in the absence of iron, 
88’-dichlorodiethyl sulphide is formed in good yield by the action of 
ethylene on sulphur monochloride at 100°; this result is now con- 
firmed (No. 13) and a yield of 90-4 per cent. was obtained, the absorp- 
tion proceeding with great rapidity and sulphur being deposited on 
cooling. This result is only obtained with very carefully purified 
sulphur monochloride such as that used in the work now described ; 
the material obtained by distillation of the technical product, such 
as was used by Gibson and Pope, absorbs ethylene with evolution 
of hydrogen chloride at temperatures above 70° and little or no 
8’-dichlorodiethyl sulphide results. 

The more important conclusions to be drawn from the above 
series of experiments may now be indicated. Highly purified 
ethylene and sulphur monochloride interact with increasing rapidity 
as the temperature rises, the speed of interaction being about 1 at 
30°, 25 at 60°, and 7 at 100°; the yield of 8§’-dichlorodiethyl 
sulphide is about 70 per cent. at 30°, 80 per cent. at 60°, and 90 per 
cent. at 100°, whilst the yield of by-product, the trisulphide, is 
largest at the lower temperature and decreases at the higher temper. 
atures, The addition of preformed 88’-dichlorodiethyl sulphide or 
of iron notably increases the speed of reaction, thionyl chloride or 
water yapour slightly increases the speed of absorption, and sulphuryl 
chloride causes slow absorption. With all these catalytic agents the 
sulphur remains more or less indefinitely in “‘ pseudo-solution ” and 
the yield remains about 80 per cent. at 60°. 
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When a small amount of alcohol vapour is continuously intn. 
duced with the ethylene the speed of absorption increases to about 
3-5 at 60° and the yield of 88’-dichlorodiethyl sulphide rises ty 
nearly 99 per cent., whilst the production of the trisulphide falls ty 
a very small amount; at the same time, part of the sulphur crystal. 
lises on cooling. 

With regard to the speed of the absorption, when ethylene js 
passed into sulphur monochloride at 60°, the absorption is at first 
very slow, and does not increase appreciably until about half-way 
through the period of total absorption, when it assumes a very 
high and almost constant speed, which falls off quickly towards the 
end. It should be emphasised that the effect of all the catalysts, 
both positive and negative, studied in this investigation has been 
to increase or decrease the initial period of comparatively slow 
absorption ; when this initial period, whether short or long, is over, 
the absorption continues at a high speed, which is practically the 
same whatever the catalytic agent present may be. 


Guthrie's Dichloroethyl Disulphide. 


On filling a large bottle with ethylene, introducing sulphu 
monochloride, and heating on a boiling-water bath, Guthrie (Joc. cit.) 
obtained a product from which, after shaking with water and several 
times extracting with ether, he separated an oil to which he assigned 
the composition of a dichlorodiethyl disulphide. Although we have 
shown that the product of interaction of ethylene and sulphur 
monochloride at 100° consists of @8’-dichlorodiethyl sulphide, it 
seemed desirable to repeat Guthrie’s treatment of the material. 
After sulphur monochloride had been saturated with ethylene at 
100° and allowed to cool, a considerable amount of crystalline sulphur 
separated ; the supernatant oil was shaken with warm water, which 
caused the separation of more sulphur, and was then run off and 
dried with sodium sulphate. On extraction with ether, viscous 
sulphur separated as an emulsion and was removed by repeated 
filtration; the ether solution was then evaporated in a vacuum 
desiccator, when solid 8§’-dichlorodiethyl sulphide crystallised. 
Addition of ether to the residue led to the further separation of 
viscous sulphur and, after filtration, evaporation again led to the 
crystallisation of the organic sulphide; this melted at 9-7°. No 
product of the nature of Guthrie’s disulphide was obtained. 
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LXIX.—Organic Derivatives of Silicon. Part XXIV. 
dl-Derivatives of Silicoethane. 


By Freperic StaNLEY KIppPrine. 


Tar study of the action of sodium on certain mono- and di-halogen 
derivatives of silicohydrocarbons was commenced some ten years 
ago, and it was then found that hexaphenylsilicoethane, Si,Phg, 
could be obtained from phenylsilicon trichloride, whereas phenyl- 
ehylsilicon dichloride (T., 1907, 91, 215) gave a product which 
semed to be the unsaturated compound, SiEtPh:SiEtPh (P., 1911, 
27, 143). These observations pointed to the possibility of utilising 
reactions of this nature for the investigation of organic derivatives 
df silicon in various directions, and in 1914 further experiments 
were made with phenylethylpropylsilicyl chloride (T., loc. cit., p. 218), 
benzylethylpropylsilicyl chloride (T., loc. cit., p. 723), diphenyl- 
dichlorosilicane (T., 1912, 101, 2113) and other compounds. 

From the first two of these chlorides, the silicohydrocarbons 
dl-diphenyldiethyldipropylsilicoethane and dl-dibenzyldiethyldipropyl- 
silicoethane were respectively prepared, although the reactions 
did not take place quantitatively by any means. These two deriv- 
atives of silicoethane, SiH,"SiH,, were found to have the general 
characters of silicohydrocarbons of the type SiR,. Thus, they are 
both colourless liquids at ordinary temperatures, give normal 
molecular-weight results by the cryoscopic method in benzene 
solution, and, in small quantities, can be distilled under atmospheric 
pressure without their undergoing appreciable decomposition. 
Although their molecules contain linked silicon atoms, both silico- 
hydrocarbons are attacked only very slowly, if at all, by boiling 
aqueous alkalis, and even when they are warmed with a solution 
of sodium methoxide in methyl alcohol or acetone, no rapid evolution 
of hydrogen is observed. It is obvious, therefore, that the grouping 
‘Si'Si? is not necessarily unstable towards alkalis and that whether 
the silicon atoms become separated or not is determined by the 
nature of the atoms or groups with which they are combined. 
The behaviour of the two silicohydrocarbons towards concentrated 
sulphuric acid is widely different, and exactly what might have 
been anticipated from previous observations with derivatives of 
‘licane. The diphenyl compound, like phenylbenzylethylpropyl- 
illiceane (T., 1907, 91, 223), is readily decomposed by the acid, the 
pheny) group being eliminated as benzene, doubtless in accordance 
with the equation 
SiEtPhPr-SiEtPhPr + 2H,O = SiEtPr(OH)-SiEtPr'OH + 2C,Hg. 
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The dibenzyl derivative, on the other hand, is sulphonated with 
very great readiness, just as is benzylethylpropylsilicol (T., 1997 
91, 727) and is no doubt converted into a mixture of the optically 
isomeric disulphonic acids of the constitution 
SO,H-C,H,SiEtPr-SiktPr-C,H,-SO,H. 
The preparation of these acids was the most important. initial 
object of this work, because, since the two compounds thus obtained 
should be optically analogous to dl-tartaric acid and i-tartaric acid 
respectively, it was hoped that they could be separated from on 
another and the d/-compound then resolved into its optically active 
components. 

The experiments, however, were not carried further than to shoy 
that, from the product of sulphonation, it was possible to obtain 
brucine and /-menthylamine salts of a disulphonic acid of the 
composition given above. Whether these salts were derivatives 
of the dl- or of the i-acid, or even mixtures of the two, was not 
established. As it will take some time to prepare the material 
and to make the more extended investigation of these acids which 
the author has in view, the publication of the results obtained some 
years ago seems to be desirable. 


EXPERIMENTAL. 
dl-Diphenyldiethyldipropylsilicoethane, Si~tPrPh:SiEtPrPh. 


A freshly distilled sample of phenylethylpropylsilicyl chloride 
(T., 1907, 91, 218) which boiled at about 176—180°/100 mm., was 
diluted with an approximately equal volume of dried xylene, and 
a slight excess of the theoretical quantity of sodium added to the 
solution. No visible reaction occurred until the liquid was heated 
at its boiling point; the metal then became coated with a blue film, 
which gradually changed into an almost colourless layer of sodium 
chloride. The liquid was vigorously shaken from time to time, 
to detach the crust of sodium chloride from the globules, and after 
having been boiled integmittently during about twenty hour, 
a portion of the clear solution was found to be free from combined 
halogen. The solution was then filtered, the residue washed with 
a little xylene, and the combined filtrate and washings submitted 
to distillation. 

After most of the xylene had passed over, the pressure was reduced 
to 50 mm. and the following fractions were collected : 1. A portion 
which passed over between 165° and 225°, and which formed 
about 20 per cent. of the whole. 2. A slightly fluorescentgliquid 
collected between 225° and 275°, which formed about 60 per cent. 
of the whole. 3, A viscous, yellow, oily residue, 
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The experiment was repeated with another sample of the chloride, 
but again the crude product distilled over a wide range of tempera- 


‘Bture, and gave fractions substantially the same as before. 


From the two main portions (225—275°/50 mm.), by further 
fractionation under reduced pressure, there was ultimately obtained 
a colourless liquid boiling at 265—270°/100 mm. This preparation 
semed to be a satisfactory specimen of diphenyldiethyldipropyl- 
silicoethane (Found: C=740; H=96; Si=161, 160. 
(yH,,Si, requires C = 74:4; H = 9-7; Si= 159 per cent. Cryo- 
scopic determinations in benzene solution gave M. = 339, 341. 
Cale., M. = 354.) 

The yield of this substance was barely 50 per cent. of the theoretical, 
and the behaviour of the crude product on distillation was that of 
acomplex mixture. This may have been due to the presence of 
phenylethylsilicon dichloride and phenylethyldipropylsilicane in 
the samples of phenylethylpropylsilicyl chloride which were 
employed, as the preparation of the last-named compound in a state 
of purity is a matter of considerable difficulty (T., 1907, 91, 219). 
Itis possible, on the other hand, that the action of the sodium on the 
nonochloride is not restricted to the simple elimination of halogen, 
as is indicated by the results described below. 

dl-Diphenyldiethyldipropylsilicoethane is a rather viscous liquid 
having a faint pleasant aromatic odour; it is specifically lighter 
than water and only very slightly volatile in steam. It is sparingly 
soluble in cold methyl alcohol, but dissolves much more freely 
in the hot liquid, and it is miscible with acetone and most of the 
common organic solvents in all proportions. It is readily attacked 
by bromine water, giving a heavy, volatile oil, which is no doubt 
bromobenzene, and a non-volatile product, which is probably 
formed by the condensation of dihydroxydiethyldipropylsilico- 
ethane. It is also rapidly decomposed by concentrated sulphuric 
acid at 100° with evolution of benzene, in which respect it resembles 
other silicohydrocarbon derivatives which contain a phenyl group. 
Unlike most of those compounds which contain silicon atoms in 
direct combination, diphenyldiethyldipropylsilicoethane seems to be 
very stable towards hot solutions of alkali hydroxides; this is 
probably due to some extent to its insolubility in the aqueous 
solutions, but even when it is warmed with a solution of sodium 
ethoxide in aqueous acetone, no appreciable evolution of hydrogen 
is observed. 


dl-Dibenzyldiethyldi propylsilicoethane, SiEtPr(C,H,)*SiEtPr-C,Hy. 


This compound was prepared from benzylethylpropylsilicyl 
thloride (T., 1907, 91, 722) in substantially the same way as the 
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silicohydrocarbon just described; after having been boiled duriy 
about ten hours, the xylene solution gave no reaction for combing 
halogen. 

The crude product seemed to be a complex mixture, and why 
distilled (30 mm.) about 30 per cent. of the whole passed oye 
between about 135° and 160°. The temperature then rose rapid) 
and a large fraction (about 55 per cent.) was collected betwea [itr 
160° and 240°, most of which boiled fairly steadily in the neigh. 
bourhood of 240°; above this temperature the thermometer again 
rose rapidly, and about ten per cent. passed over between 24( 
and 300°, leaving about 5 per cent. of a dark brown residue. 8 

Further fractionation showed that the portion collected fronf 
135° to 160° contained a considerable proportion of dibenzyl 
whereas the main product of the reaction consisted principally 
of a liquid boiling from 240° to 250° (20 mm.). The latter wa fy 
again distilled and separated into two portions, boiling at 240—24 
and 244—248° respectively (20 mm.). 

Both these samples seemed to consist of almost pure dibenzyl. 
diethyldipropylsilicoethane (Found: fraction 240—244°, C = 747; 
H=9°8; Si= 14:2; fraction 244—248°, C= 75:2; H = 109; 
Si= 146. C,,H;,Si, requires C= 752; H=100; Si=145 
per cent. Cryoscopic determinations in benzene solution gave 
M. = 340 [fraction 240—244°] and M. = 362 [fraction 244—248", 
Cale., M. = 380). 

These results indicate that the sample boiling at 244—248°/20 mm. 
was the better sample, and the true boiling point of the compound 
is probably within these limits. 

Since the benzylethylpropylsilicyl chloride which was used in 
the above described experiment was prepared from benzylethy!- 
silicon dichloride and the latter is easily obtained almost free from 
dibenzyl, the isolation of a considerable quantity of this hydro- 
carbon seemed to show that its formation had taken place during 
the interaction of the metal and the monochloride. 

dl-Dibenzyldiethyldipropylsilicoethane is a colourless, moderately 
mobile liquid having a faint, pleasant smell, and is specifically 
lighter than water. It is only sparingly soluble in cold methyl 
alcohol, but is miscible with most of the common organic solvents. 
Like the compound described above, it is relatively very stable 
towards aqueous solutions of the alkali hydroxides, and evel 
when it is warmed with a methyl-alcoholic solution of sodium 
methoxide there is no sign of the evolution of gas. It does not 
immediately decolorise a dilute solution of bromine in carbon 
tetrachloride, but after some time the colour is discharged and the 
solution begins to fume. It is not oxidised to any appreciable 
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stent when it is left in contact with an acidified solution of potassium 


Sulphonation of dl-Dibenzyldiethyldipropylsilicoethane. 


A small quantity of the silicohydrocarbon shaken with concen- 


“Mtrated sulphuric acid formed a pale yellow emulsion, but when 


gently warmed on a water-bath during five to ten minutes, this 
mulsion gave a solution which dissolved completely in cold water. 
he dilute aqueous solution of the product,neutralised with ammonia, 
save on the addition of an aqueous solution of brucine hydrochloride 
4 colourless, pasty precipitate, which, after having been roughly 
dried, separated from acetone in colourless needles. 

A larger quantity of the silicohydrocarbon was shaken with 
about 3 volumes of concentrated sulphuric acid, and the emulsion 
et at the ordinary temperature; after some hours, a portion of 
he liquid, poured into about 10 volumes of water, gave a perfectly 
lar solution. Like many of the sulphonic acids of silicohydro- 
carbons, however, the acid was only sparingly soluble in dilute 
sulphuric acid, and separated as an oil when larger quantities of the 
sulphonation product were added to a relatively small volume of 
water. This oil dissolved completely on the addition of a solution 
of ammonium hydroxide, but when the solution was of a certain 
concentration, the ammonium salt separated as an oily layer from 
the aqueous solution of ammonium sulphate. 

On the addition of a solution of brucine hydrochloride in slight 
excess to the neutral solution of the ammonium salt, a pasty, 
bucine salt was precipitated as before. This precipitate, when 
dried, was freely soluble in cold acetone, but it could not be obtained 
in crystals from the solution. 

As it was possible that the altered conditions of sulphonation 
night have given a product different from the first one—an ortho- 
instead of a para-sulphonic derivative, for example—the first experi- 
nent was repeated with a fresh quantity of the silicohydrocarbon, 
wut again the brucine salt was readily soluble in cold acetone and 
id not separate from the solution in a crystalline form. 

The brucine salt from the last two experiments, when fractionally 
Meipitated from its solution in hot chloroform by the addition 
it benzene, gave a powdery but somewhat gelatinous product, 
which was no longer readily and completely soluble in acetone. 
the portion which was insoluble or sparingly soluble in this liquid 
Ws further fractionated from a mixture of chloroform, benzene, 
ud acetone, and finally obtained as a colourless powder. 

This preparation seemed to be the brucine salt of the disulphonic 
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acid. An air-dried sample lost 5°1 per cent. of water at 10, 

and the anhydrous salt gave Si=40 per cent. The formu! 

3i ‘CH,"C,H,SO,H ; ~ 

} emia my SH’ 2C2HasO.Ne2H,0 requires H,0 = 51 pel 

cent. and the anhydrous salt, Si = 4°3 per cent. 
The anhydrous salt was hygroscopic and on exposure to the arf 

seemed to take up 2H,0. 


1-Menthylamine Salt of the Disulphonic Acid. 


As the later preparations of the brucine salt did not crystallis 
well, an aqueous solution of the ammonium salt was treated with 
an aqueous solution of /-menthylamine hydrochloride until m 
further precipitate was formed. The pasty product was separated 
by filtration and washed with water, and then some methy] alcoho 
was poured on the wet filter containing the wet substance. The 
first portion of the clear solution which came through depositel 
beautiful, lustrous crystals, but as filtration continued, these became 
pasty before the operation had been completed, and the addition 
of water to the filtrate only precipitated a further quantity of a pasty 
solid. Unfortunately, these lustrous crystals were not obtainei 
again; their precipitation at one stage of the filtration was probably 
due to the accidental production of a suitable concentration o 
aqueous methyl alcohol, which may have brought about a separation 
of the salts of the dl- and the i-acids, or even a resolution of the 
former. 

The pasty menthylamine salt was separated, roughly dried, ani 
dissolved in boiling acetone; the cold solution deposited a colourles 
powder, which was further fractionated from a mixture of aceton 
and methyl alcohol, and finally from wet ethyl acetate. 

The salt thus obtained was doubtless the normal l-menthylamine 
salt of dibenzyldiethyldipropylsilicoethanedisulphonic acid. Air-dried 
samples lost 6-2—6°3 per cent. of water at 100°, and the anhydrow 
compound gave Si = 6°7 per cent. The formula 

C,H 5,0,8,Si,,2C,)H,,N,3H,O 
requires H,O = 6-0 per cent., and the anhydrous salt, Si = 6°7 pet 
cent. The equivalent weight of the salt was also determined by fi 
the accurate method previously used in the case of menthylamine 
sulphobenzylethylpropylsilicyl oxide (‘T., 1907, 94, 230). ‘The 
value obtained was E = 430, the calculated value for the 
above formula being E = 426°4. This /-menthylamine salt was 
colourless powder, which under the microscope was seen W 
consist of fern-like crystals; the anhydrous salt sintered at abott 
208° and seemed to turn yellow, melting completely at about 220: 
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It was readily soluble in cold methyl alcohol, but almost insoluble 
in dry acetone or ethyl acetate; like so many of the salts of silico- 
sulphonic acids, its solubility was very much greater in wet than 
in dry organic solvents, and it dissolved quite readily in both acetone 
and ethyl acetate in presence of a very small proportion of water. 
A solution of the sodium salt, prepared from the menthylamine 
salt, seemed to be quite optically inactive; the solution gave pre- 
cipitates with solutions of d-hydrindamine and d-methylhydrind- 
amine hydrochlorides, and it is probable that further experiments 
vill lead to a complete separation of the dl- and the i-acids and to the 
resolution of the former. 


Universtry COLLEGE, 
NoTrinGHAM. [ Received, February 1st, 1921.] 


LXX.—The Photochemical Reaction between Hydrogen 
and Chlorine and its Variation with the Intensity 
of the Light. 


By Epwarp CHARLES Cyrin Baty and WILLIAM FRANcIS BARKER. 


Ix a recent paper it was suggested by one of us (Phil. Mag., 1920, 
vi], 40, 15) that the observed deviations from Einstein’s law of 
photochemical equivalence might very possibly be due to the 
absorption by the surrounding reactant molecules of the energy 
radiated during the reaction. According to this law, when a 
eaction takes place photochemically, the absorption by a molecule 
of an amount of energy equal to one quantum at its absorbing 
irequency results in that molecule undergoing reaction, and the 
number of quanta absorbed and the number of molecules reacting 
must be equal. A study of many photochemical reactions has, 
lowever, shown that except in one case the number of molecules 
reacting is far in excess of the number of quanta absorbed. 

In any photochemical reaction it is obvious that the first stage 
is the absorption of the light energy, and that the whole can be 
Written 


A+E=B4E4K 


where A and B are the reactant and resultant molecules respec- 
wely, £ is the amount of light energy absorbed, and K is the 
tdinary observed heat of the reaction. Now the molecule A 
borbs the energy E at its characteristic frequency, and the 
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minimum value of # is one quantum at that frequency. On th 
other hand, it is evident that the whole of the energy on the right 
hand side must be radiated at frequencies characteristic of the 
resultant molecule B, that is to say, the total energy radiated during 
the reaction must be equal to an integral number of quanta a 
frequencies characteristic of B. It has previously been show 
(Phil. Mag., 1920, [vi], 40, 1) that the frequencies of any molecuk 
are integral multiples of the frequencies of its atoms, and sine 
the molecules A and B have at any rate some atoms in common 
it follows that they must have frequencies in common. It wa 
therefore suggested that, whereas Einstein’s law must hold if the 
energy radiated during a reaction is dissipated to the surrounding, 
the fact that A and B have frequencies in common will result in 
some of this energy being absorbed by further molecules of 4. 
If the amount thus re-absorbed is sufficiently great, more than 
one molecule of A will react for every quantum absorbed. 

This hypothesis can very readily be put to the test of experiment. 
In the first place, if the reaction AB is endothermic, that is to 
say, if K is negative, the total energy radiated during the reaction 
(Z + K) will be small, with the result that Einstein’s law is mor 
likely to be obeyed. It is interesting to note that in the photo 
chemical conversion of oxygen into ozone, which is a strongly endo. 
thermic reaction, Einstein’s law is obeyed within the limits d 
experimental error. 

In the second place, when the reaction is exothermic the amount 
of the radiated energy that is re-absorbed will depend on two 
factors. It will depend on the molecular concentration of the 
reactant molecules when the intensity of the activating light 
kept constant, and it will depend on the density of the radiation 
when the molecular concentration is kept constant. Since the 
density of the radiation is governed by the number of molecule 
reacting in unit time, the amount of re-absorption will depend on 
the intensity of the activating light when the molecular concet- 
tration of the reactant molecules is kept constant. It should 
therefore be capable of experimental proof that the divergent 
from Einstein’s law depends on the concentration of the reactatl 
molecules with constant intensity of light, and on the intensily 
of the light with constant concentration of the reactant molecules 
The fact that the divergence from Einstein’s law varies with the 
molecular concentration under constant illumination has already 
been proved by Henri and Wurmser (Compt. rend., 1913, 156, 
1012). It has also been shown by Bodenstein and Dux (Zeiisch. 
physikal. Chem., 1913, 85, 297) in the photochemical union ¢ 
hydrogen and chlorine that with constant intensity the velocity 
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of the reaction varies as the square of the concentration of the 
chlorine. The velocity is independent of the concentration of the 
hydrogen, provided that this lies within definite limits. This result 
is of peculiar interest, since it is known that of the two gases the 
chlorine alone is activated by the light. 

In order to complete the experimental proof it remained to 
investigate whether the divergence from Einstein’s law depends 
on the intensity of the activating light when the molecular con- 
centration of the reactant molecules is kept constant. We have 
investigated the rate of formation of hydrogen chloride from a 
nixture of equal volumes of hydrogen and chlorine in the presence 
of water. The mixed gases were maintained at constant pressure, 
and since the hydrogen chloride was absorbed as fast as it was 
formed, the molecular concentration of the hydrogen and chlorine 
was constant. The results we have obtained show that the diverg- 
ence from Einstein’s law increases rapidly with increase in the 
intensity of the activating light. 

The mixed gases obtained by the electrolysis of aqueous hydro- 
chloric acid were activated by exposure to light in a glass vessel 
which was immersed in water and maintained at constant tem- 
perature. The reaction vessel contained about 15 c.c. of water 
and this water together with the electrolyte had previously been 
saturated with chlorine and then heated at 100° in order to decom- 
pose all volatile nitrogen compounds. The reaction vessel was 
comected with a delicate water-manometer, by means of which 
the volume change accompanying the reaction was measured. 
The measurements were not made until equilibrium had been 
established between the gases and the water in the reaction vessel. 
The source of light was a 500 candle-power Pointolite lamp, and a 
constant current through the lamp was maintained by a suitable 
resistance. The light passed through two Nicol prisms and by 
varying the angle between these any desired intensity could be 
obtained. The absolute intensities were not determined since 
lative intensities were sufficient for the present purpose. 

The measurements of the reaction velocity establish three facts, 
each of which independently supports the hypothesis of the re- 
absorption by the chlorine molecules of the radiated energy. In 
the first place, it is evident that during the first moment of illumin- 
ation the reaction must follow Einstein’s law. The re-absorption 
of the radiated energy will then commence, with the result that the 
reaction velocity will increase. It follows, therefore, that with a 
constant illumination the velocity of the reaction will at first be 
small but will increase up to a constant maximum, this constant 
maximum velocity being determined by the proportion of the 
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radiated energy that is re-absorbed. We have observed thi 
phenomenon in every single observation made and these wer 
nearly 300 in number. It was originally observed by Bunsen and 
Roscoe (Pogg. Ann., 1855, 100, 481), who discussed it as part of 
the general phenomenon of photochemical induction. Burgess and 
Chapman (T., 1906, 89, 1399) showed that if no volatile nitrogen 
compounds are present there is no period of induction, that is to 
say, the reaction starts immediately the mixture of gases is illumin. 
ated. They, however, observed the increase in the velocity of 
reaction up to the constant maximum. 

Whilst this in itself affords striking support to the hypothesis 
of re-absorption, the converse is more striking still. When the light 
is cut off after the maximum rate has been established, equilibriun 
is very quickly reached. If now the light is again allowed to fall 
on the mixed gases after a short time has elapsed, the initial velocity 
will not be the same as it was when the apparatus had not been 
illuminated, but will be faster, and the same constant rate as befor 
will be reached ina shorter time. In order to reproduce the original 
curve the gases must remain in the dark for at least twenty minutes. 
Clearly, therefore, it is necessary to recognise the existence of partly 
activated molecules which the present hypothesis very obviously 
demands. This phenomenon was also observed by Bunsen and 
Roscoe. In view of the important bearing of these results on the 
hypothesis of the re-absorption of the radiated energy, we feel that 
little apology is needed for this brief statement of their confirmation. 

The second phenomenon is the variation in the maximum velocity 

with the intensity of the light. We have made no quantitative 
measurements of the light absorbed and therefore have not deter 
mined the actual divergence from Einstein’s law. This, however, 
is unnecessary, since if Einstein’s law is obeyed or if the deviation 
therefrom is constant the velocity of reaction will be proportional 
to the intensity of the light. Our measurements show that the 
velocity increases with the intensity far more rapidly than the 
simple proportionality requires. 
“In Fig. 1 the full curve shows a typical relation between th 
light intensity and the velocity of reaction. On the abscisse at 
expressed the relative intensities of the light and on the ordinates 
the constant maximum velocities. The latter were used, since whe! 
they were reached the re-absorption of the radiated energy was® 
maximum. The reaction velocities are expressed in centimetts 
on the scale of the manometer, and 1 em. on this scale corresponded 
with a volume change of 0°0473 c.c. 

The reaction velocity at the relative intensity of 0°03 was v4) 
carefully determined, seven observations giving the maximull 
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velocities of 0°11, 0°12, 0-09, 0-11, 0°12, 0-11, and 0°11 em. on the 
manometer. The mean of these is 0°11 and this rate is indicated 
by the point A in Fig. 1. The dotted straight line is drawn from 


the origin through A and represents the ratio of maximum velocity 
to intensity which would have been obtained if Einstein’s law held 
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ot if the deviation therefrom was constant. During the course of 
this work we encountered considerable difficulty owing to the 
boduction of oxygen in the reaction vessel, even although no 
ictivating rays fell on the surface of the water. As is well known, 
the presence of oxygen very materially decreases the velocity of 
‘action. Many observations were made in which the reaction 
Telocity was considerably less than those on the full curve in Fig. 1 
AA2 
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owing to the presence of oxygen, but it is very important to note 
that in every case these small velocities were always much greater 
than those read from the dotted straight line. 

These results therefore prove without doubt that the deviation 
from Einstein’s law increases with increase in the intensity of the 
activating light. The shape of the velocity-intensity curve is very 
interesting, for it shows clearly how the proportion of the radiated 
energy re-absorbed by the chlorine increases with the intensity, 
At the highest intensities employed the limit of complete re-absorp. 
tion is rapidly approached. When this condition is reached the 
reaction between the two gases, initiated by the absorption of one 
single quantum by one molecule, will be propagated as an explosion 
wave through the whole mixture. This criterion of an explosion 
wave, namely, the complete re-absorption of the radiated energy 
by the reactant molecules immediately surrounding the locus of the 
reaction, was defined in the original paper. 

The third phenomenon was observed in connexion with the 
expansion in volume which always takes place when chlorine absorbs 
light of frequencies lying within its ultra-violet absorption band. 
In the first place, this expansion was not noticed during the induction 
period which is always observed when volatile nitrogen compounds 
are present. In the absence of these compounds the expansion is 
always observed immediately the activating light falls on the 
mixture of hydrogen and chlorine. The very interesting observ- 
ation’ was made that this expansion is proportional, not to the 
intensity of the light, but to the rate of the reaction. As has already 
been explained, the velocity of reaction steadily increases with con- 
stant light intensity up to a constant maximum. [If the light rays 
be cut off at any moment the contraction in volume may be measured, 
and it was found that the expansion first observed and the contrac: 
tion noted afterwards are proportional to the rate of combination. 
Whatever may be the explanation of this expansion, whether it be 
due to a dissociation of some of the chlorine molecules into atoms 
or whether it be a purely thermal effect due to the degradation to 
heat of the light absorbed, it is obvious that it is increased by the 
absorption by the chlorine of the energy radiated by the hydroget 
chloride. The expansion is observed when the light is deprived 
of infra-red rays by passage through a layer of water two inche 
thick, and it is not observed when the ultra-violet rays are removed 
by interposing a solution of iodine in carbon disulphide. There 
thus no doubt that the expansion of the chlorine and its activatia 
are due to the absorption of light of frequencies lying within I 
ultra-violet absorption band. This band has its centre at \ = 333 ## 
and, when the chlorine is at atmospheric pressure, it extends frow 
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about A = 400 pp to A = 270 pp. This band must not be in any 
vay confounded with the fine line absorption which extends through 
the visible region and to which the visible colour of the gas is due. 
We have measured the absorptive power of chlorine with the ultra- 
violet spectrophotometer and find that the extinction coefficient 
at the centre of the band is 2°5, that is to say, 0°4 cm. of chlorine 
at atmospheric pressure reduces the intensity of light of wave- 
lngth A = 333 pp to one-tenth. 

The accumulated evidence obtained from these observations 
udoubtedly very strongly supports the view that the divergence 
fom Einstein’s law is due to the re-absorption by the reactant 
molecules of the energy radiated by the resultant molecules, with 
the result that many more of the former become activated than 
would be so activated by the light energy alone. The evidence in 
support of this explanation would seem to be complete, for it has 
now been shown that the divergence from the law depends both on 
the concentration of the reactant molecules under constant illumina- 
tion and also on the intensity of the light when the concentration 
of the reactant molecules is kept constant. 

It is important to note that similar results have been obtained 
by Slade and Higson (Proc. Roy. Soc., 1920, [A], 98, 154) in their 
experiments with the photographic plate. They find that the 
amount of silver obtained is not proportional to the intensity of the 
light. Moreover, it is probable that in the Schwarzschild formula, 


ty /te = (Le/14)?, 


the value of the constant p varies with the intensity (P. J. Higson, 
Pholographic Journal, January, 1921). 

These results also lead to two important deductions, first as 
regards the relation between the frequencies of elementary atoms 
and their compounds, and secondly as regards the phenomenon 
of photocatalysis. 

Since the radiated energy from the hydrogen chloride is absorbed 
by chlorine, the frequencies characteristic of the former must be 
exact integral multiples of the fundamental frequency of the latter. 
According to the theory of atomic and molecular energy quanta 
put forward by one of us (Joc. cit.) an elementary atom is charac- 
terised by an elementary quantum of energy associated with a 
definite physical change, such as possibly the shift of an electron 
from one stationary orbit to another. The atom can only absorb 
or emit radiant energy in amounts which are equal to a whole number 
of its characteristic quanta, and this energy is emitted or absorbed 
at definite frequencies. These frequencies are determined by the 
elementary quantum according to the formula quantum/constant = 
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frequency, where the constant embodies a time factor for the 
electron shift, assumed to be the same for all atoms and molecule, 
It may be pointed out that these elementary atomic quanta ay 
very small, the corresponding frequencies being of the order of 
3 x 10", that is to say, a wave-length of 1000 ». It is reasonable 
to suppose that when a compound molecule gains or loses energy 
as a whole its component atoms share equally in the process. The 
smallest quantity of energy, therefore, that a molecule can absorb 
or radiate as a whole will be equal to the least common integral 
multiple of the quanta characteristic of its component atoms, 
Dr. Norman Campbell has, however, very rightly pointed out that 
the least common integral multiple of two or more atomic quanta 
can have no physical significance unless the quanta are integral 
multiples of a fundamental unit of energy. It may, however, be 
suggested that all elementary atomic quanta are integral multiples 
of the quantum characteristic of the atom of hydrogen. Whether 
this suggestion is true or not, the proof that the frequencies of a 
compound molecule are exact integral multiples of the frequencies 
characteristic of its component atoms would undoubtedly afford 
strong support to the existence of the fundamental unit associated 
with matter, and hence would justify the principle of the least 
common integral multiple. The results now communicated show 
that the frequencies characteristic of the hydrogen chloride molecule 
are at any rate exact integral multiples of the fundamental frequency 
of chlorine. It is not possible directly to state that they also prove 
that the hydrogen chloride frequencies are exact multiples of the 
atomic frequency of hydrogen, since the reaction between hydrogen 
and chlorine is catalysed by light of frequencies equal to those of 
chlorine, light for which hydrogen seems to possess no measurable 
absorptive power. On the other hand, the probable mechanism of 
the reaction between hydrogen and chlorine may be considered, 
and it is interesting to note that no attention has been paid to this. 
A mixture of hydrogen and chlorine undergoes no measurable 
reaction when screened from light, but when exposed to rays of 
frequencies comprised within the known ultra-violet absorption 
band of chlorine the two gases at once begin to unite. The chlorine 
molecules, inactive in the dark, are activated by the absorption 
of energy, the minimum amount absorbed per molecule being 
9 x 10" x 6:56 x 10°7 = 5-91 x 107? ergs, where 9 x 10% B 
the central frequency of the absorption band. These activated 
molecules then react with the inactive hydrogen molecules, and it 
would seem that this process must be accompanied by a transference 
of energy from the former to the latter. Whatever may be the 
actual mechanism of the process, the net result is the dissociation 


ut that 
quanta 
ntegral 
ver, be 
ultiples 
‘hether 
es of a 
uencies 
afford 
ciated 
> least 
| show 
lecule 
juency 
prove 
of the 
lrogen 
ose of 
urable 
ism of 
dered, 
> this. 
urable 
ys of 
rption 
lorine 
‘ption 
being 
yu is 
vated 
ind it 
rence 
e the 
ation 


BETWEEN HYDROGEN AND CHLORINE, ETC. 661 


of the hydrogen molecule to form two molecules of hydrogen 
chloride, and the energy necessary for this dissociation must have 
heen derived from the activated chlorine molecules. This trans- 
ference of energy can only be possible if the hydrogen and chlorine 
have frequencies in common, that is to say, either the frequencies 
of chlorine must be exact integral multiples of the fundamental 
itomic frequency of hydrogen, or the frequencies of both must be 
exact integral multiples of a universal fundamental unit. It may 
be stated, therefore, that the evidence now brought forward is 
strongly in favour of the exact integral relationship between the 
molecular frequency of hydrogen chloride and the atomic frequencies 
of both hydrogen and chlorine. The simplest possible relation is 
that the molecular frequency of hydrogen chloride should be the 
last common integral multiple of the atomic frequencies of its 
component atoms, and it has been shown in previous papers that 
this relation finds very considerable support in the constant frequency 
differences between the absorption bands shown by a compound 
molecule and also between the constituent lines of these bands. 
The present results would also seem to have some importance in 
photochemistry, since they suggest at once the possibility of a new 
type of photocatalysis. In the case of any reaction, A + B =AB, 
which is known to proceed under the influence of light of a frequency 
characteristic of A or B, it should be possible to induce the reaction 
by means of a photocatalyst which absorbs light of a frequency 
that is not characteristic of either A or B and is therefore not 
absorbed by either A or B. The criterion of such a catalyst will 
be that it contains the same elementary atoms as A and B. Since 
the photocatalyst and the molecules A and B possess the same 
atoms, they will possess some infra-red frequencies in common. 
When the photocatalyst is absorbing light of its characteristic 
frequency, this energy will be radiated in the infra-red, and there- 
fore some of this radiated energy can be absorbed by A and B. 
Ifthe density of this radiated energy is sufficiently great, the reaction 
between A and B will proceed, even although the activating light 
absorbed by the catalyst is not absorbed by either A or B alone. 
A specific example may be given. It is well known that carbon 
monoxide and water react to form formaldehyde under the influence 
of very short wave-length radiation. This radiation is completely 
absorbed by oxygen, with the result that sunlight has no measurable 
lect on moist carbon monoxide. It should, however, be possible 
0 catalyse this reaction in sunlight by the use of a substance 
‘ontaining carbon, hydrogen, and oxygen, which selectively absorbs 
‘me of the visible or ultra-violet rays present in sunlight. The 
importance of this type of photocatalysis in the phytosynthetic 
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processes of the plant is manifest, and experiments are now in 
progress on these lines. 

Again, it is probable that the sensitisation of the photographic 
plate to red and yellow light by the use of suitable dyes is to be 
explained on these lines. 

It is interesting to note that a typical case of this new type of 
photocatalysis has just been described by Daniels and Johnston 
(J. Amer. Chem. Soc., 1921, 43, 72), who have shown that nitrogen 
pentoxide has no absorptive power for light of wave-lengths 
460—400 pp and is not decomposed on exposure to light of these 
wave-lengths. On the other hand, nitrogen pentoxide is decomposed 
by light of this wave-length when it is mixed with nitrogen peroxide, 
which is known to have the power of absorbing this light. The 
authors put forward an explanation which is almost identical 
with that given above, but they assume that the energy radiated 
by the nitrogen peroxide in the infra-red can be absorbed by the 
pentoxide if their absorption bands in that region overlap, and 
they point out that such overlapping occurs with the short wave 
infra-red bands of nitrogen pentoxide at 3°39 » and 5°81 », and 
those of nitrogen peroxide at 3°43 » and 6°12 ». This assumption 
is not satisfactory for two reasons. In the first place, the absorption 
by the pentoxide of energy radiated by the peroxide cannot take 
place on the quantum theory unless the frequencies possessed by 
the two are exactly equal, since otherwise a gain of energy by the 
system from the surroundings must occur, because the quanta 
characteristic of nitrogen peroxide at 4 = 6°12 and 3°43 p ar 
smaller than those characteristic of nitrogen pentoxide at \ = 5'l 
and 3°39 ». In the second place, it is well known that at low 
temperatures the breadth of absorption bands decreases until they 
become a single absorption line. At low temperatures, therefor, 
the overlapping will disappear, and it becomes necessary to postulate 
that the photocatalysis cannot occur at low temperatures. Such 
a postulate would mean that the reaction at the ordinary tem- 
perature is not purely photochemical, but partly photochemical 
and partly thermal. On the other hand, since both these oxides 
contain the same atoms they must possess frequencies in the long 
wave infra-red which are exactly equal, and doubtless the trans 
ference of the energy takes place at these frequencies. 


Summary. 


1. The photochemical reaction between hydrogen and chlorine 
at constant concentration has been studied with varying intensity 
of the activating light. 

2. With a given light intensity the amount of hydrogen chloride 
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formed in unit time is at first small and then rapidly increases up 
to a constant maximum. 

3. The constant maximum rate of formation of hydrogen chloride 
is not proportional to the intensity of the light. The divergence 
from Einstein’s law of photochemical equivalence depends on the 
intensity of the light and rapidly increases with the intensity. 

4. The expansion of chlorine observed when it is illuminated 
is proportional, not to the intensity of the light, but to the rate 
of the reaction. 

5. The divergence from Einstein’s law had previously been 
suggested as being due to the re-absorption by the reactant molecules 
of the energy radiated by the resultant molecules. This re-absorp- 
tion will depend on the concentration of the reactants with constant 
illumination, and on the intensity of the light with constant con- 
centration. Since the divergence from Einstein’s law had already 
been shown to vary with the concentration under constant illumin- 
ation, the evidence in favour of the divergence being due to the 
re-absorption of the radiated energy would now seem to be complete. 

6. The results indicate that the frequencies characteristic of the 
hydrogen chloride molecule are exact integral multiples of both the 
fundamental atomic frequency of hydrogen and the fundamental 
atomic frequency of chlorine. Considerable support is thereby 
gained for the conclusions drawn from spectroscopic observations 
that the true molecular frequency of a compound molecule is the 
least common integral multiple of the atomic frequencies of its 
component atoms. Such a relation can only hold if a fundamental 
wit of energy exists, and the suggestion is made that all atomic 
aid molecular energy quanta are integral multiples of the funda- 
mental quantum associated with the hydrogen atom. 

7. A new type of photocatalysis is indicated whereby a reaction 
can be photochemically induced by light which is not absorbed by 
the reactants, but is absorbed by the photocatalyst. This photo- 
catalyst must contain the same elementary atoms as the reactants, 
and the light which it absorbs is radiated at its characteristic 
frequencies in the infra-red. Since the photocatalyst and the 
reactants must have common frequencies in the infra-red, this 
tadiated energy will be absorbed by the reactants, and if the radiation 
density is sufficiently great the reaction will proceed. 


During the writing of this paper Dr. Norman Campbell has 

formed us that he discovered some years ago the fact that the 

taction between hydrogen and chlorine is not proportional to the 

intensity of the light. The discovery was not published, but we 

feel that the confirmation thereby given of the correctness of our 
Aa a* 
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work is very gratifying. We express our cordial thanks to Pp. 
fessor Heilbron for the interest he has taken in the work, an 
more especially for the suggestion of the application of the ney 
principle of photocatalysis to the phytosynthetic processes of the 
living plant. 


THE UNIVERSITY, LIVERPOOL. [Received, February 19th, 1921.) 


LXXI.—On some Carbamido-acids and their 
Hydantoins. 


By Joun Ricuarp Scorr and JuLtius BEREND CoHEN. 


URAMIDOBENZOIC (0-carbamidobenzoic) acid, its nitro-derivatives,§* 
and also the hydantoin (2: 4-diketo-1 : 2: 3: 4-tetrahydroquin- 
azoline) derived from it were first prepared by Griess (J. pr. Chem, 
1872, [ii], 5, 371), 


( NH-CO-NH, (x ‘oo (x ou. 


on . “a 


CO 


o-Carbamidobenzoic acid. Diketotetrahydroquinazoline. 


In the course of last year a more careful study of the hydantoin 
and its derivatives was begun by one of us and the results wert 
prepared for publication, when a paper on the same subject appeared 
(Bogert and Scatchard, J. Amer. Chem. Soc., 1919, 41, 2052). As 
most of our results are embodied in that paper, it is only necessary 
to refer to the following few additional observations, before dis 
cussing the main subject of the present investigation. 

Preparation of the Hydantoin from the Carbamido-compound.— 
6:5 Grams of the carbamido-compound were heated on the water 
bath for half an hour with 40 c.c. of concentrated hydrochlori 
acid (Bogert and Scatchard used sodium hydroxide), yielding 
5°5 grams of the hydantoin. 

The sodium salt of the hydantoin was obtained by dissolving 
the latter (2 parts) in a solution of sodium hydroxide (1 part) 
water (20 parts). On cooling, clusters of needles separated, which 
were recrystallised from water. The sodium salt contains 5H,0 
(not recorded by Bogert and Scatchard) (Found: H,0 = 3306: 
Na = 8-04. Cale. for C,H,0,N,Na,5H,0: H,O = 32'8; Na=S* 
per cent.). 
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The Action of Methyl Sulphate—The dimethyl ether of the 
hydantoin was prepared by mixing 2 grams of the hydantoin with 
$grams of methyl sulphate, adding sodium hydroxide until alkaline, 
and warming on the water-bath. This method was used in prefer- 
ence to the action of methyl iodide on the sodium compound. 
After recrystallisation from boiling water or alcohol, our product 
melted at 164° (Bogert and Scatchard give 167—168°). 

The Action of Sodium Hypochlorite —A chloroamine derivative, 
not described by Bogert and Scatchard, was obtained as follows. 
To 30 c.c. of a 10 per cent. solution of bleaching powder, or the 
equivalent of sodium hypochlorite, 1 gram of the hydantoin in 
powder was added and the clear solution then acidified with 
hydrochloric or acetic acid until no further precipitate was formed. 
The latter was filtered and washed. The sodium salt was obtained 
by dissolving the substance in sodium hydroxide solution. The 
same substance was prepared by dissolving the hydantoin directly 
in warm sodium hypochlorite solution. 

It was analysed by adding potassium iodide solution, acidifying 
with acetic acid, and titrating the free iodine with sodium thio- 
sulphate (Found: Cl = 18°39. C,H,;O,N,Cl requires Cl = 18°07 
per cent.). The substance is probably represented by one of the 
following formulae : 


CO-NCl CO-NH 


CH upd 5 = CoH: C O° 


It is very unstable and gradually loses its chlorine when exposed 
to the air. It is rapidly decomposed when warmed with alcohol, 
regenerating the hydantoin and at the same time emitting a smell 
of acetaldehyde. 

0-Acetylearbamidobenzoic acid, NHAc-CO-NH-C,H,-CO,H, was 
prepared by heating 0°5 gram of the carbamido-compound with 
3 cc. of acetic anhydride until it just dissolved. On cooling, 
diluting with water, and making alkaline with ammonia, the acetyl 
‘Bittivative was obtained; it crystallised from dilute acetic acid or 
ilohol in clusters of felted needles, which sintered at 220° and 
melted at 225° with effervescence. It dissolved in sodium hydroxide 
‘lution, from which it was precipitated by acids. 

0-Benzoylcarbamidobenzoic Acid.—On heating the carbamido- 
‘ompound with an excess of benzoyl chloride, the former dissolves, 
and after a short time the mixture becomes pasty from the separ- 
ition of the unchanged hydantoin. If, however, the carbamido- 
‘@mpound is dissolved in dilute sodium hydroxide solution and 
thaken for some time with benzoyl chloride until the smell of the 
tter disappears, a mass of crystals of the sodium compound of 

AA*2 
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the benzoyl derivative separates. This is filtered, washed aifiy 
dissolved in hot water, and, on acidifying, the benzoyl compo; F 
separates. It crystallises from boiling water, in which it j 
moderately soluble, in clusters of long, colourless prisms, whic) 
partly melt at about 200°, decomposing into the hydantoin anj 
benzoic acid, 


NH-CO-NH:CO-C,H; NH:CO . 
CHL S00, "= CHiSco—nH + Cols CO fi 


Carbamidophthalic Acid and its Hydantoin. 


3-Aminophthalic Acid Hydrochloride—tThirty grams of fine 
powdered 3-nitrophthalic acid are added in small portions to; 
filtered solution of 120 grams of stannous chloride in 300 cc. ¢ 
concentrated hydrochloric acid, the mixture being kept cool anif 
each portion being allowed to dissolve before the next is added 
The hydrochloride of the amino-acid soon begins to crystalliy, 
and after standing overnight is filtered and washed with a litth 
concentrated hydrochloric acid. After recrystallising from hit 
concentrated hydrochloric acid, it is dried in a vacuum ove 
sulphuric acid and sodium hydroxide. A little more of the hydwf: 
chloride can be obtained*by cooling the united filtrates and allov- 
ing them to stand. The substance prepared in this way forms: 
mass of fine, colourless needles, which darken on heating, soft 
at 210° and melt with evolution of gas at 225°. The free amino 
acid may be obtained by gradually adding the hydrochloride 
water, in which it is fairly soluble, until the free amino-acid begi 
to separate, when it is rapidly filtered and the filtrate cooled. 
After a short time the amino-acid crystallises in colourless needle 
which melt at 191—192° with decomposition, forming a yell 
liquid. . 

3-Carbamidophthalic Acid—Twenty grams of 3-aminophthalt 
acid hydrochloride in powder are dissolved in 200 c.c. of cali 
water, the solution filtered, and 8 grams of potassium ‘socyanaty 
in a little water added. The mixture is kept cool by immersitl 
in water, and after standing for half-an-hour, 20 c.c. of conc. 
trated hydrochloric acid added. The carbamido-compound begit 
to separate as a crystalline precipitate, precipitation being hasten 
by agitation. After standing for some hours the carbamill 
compound is filtered, washed with water, and dried in a vacull 
Carbamidophthalic acid forms a crystalline, greenish-yellow powdel 
melting at 183—185° with decomposition. The yield is 60 pert 
of the theoretical. It is insoluble in chloroform, acetone, and light 
petroleum, and sparingly soluble in alcohol and ether (Found 
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0 = 3°56; N = 11°97, 12°04. C,H,O;N,,3H,O requires H,O = 
: N = 12:02 per cent.). 

Acetylearbamidophithalic Anhydride—One gram of carbamido- 
phthalic acid is heated with 10 c.c. of acetic anhydride; a clear 
solution is obtained, from which the acetyl compound soon begins 
o crystallise. After being dried in a vacuum, it melts at 246—247° 

‘with decomposition. It does not dissolve in sodium carbonate 


wH. solution and therefore contains no free carboxyl group. 


\ Hydantoin of 3-Carbamidophthalic acid (Dikelotetrahydroquin- 
‘azolinecarboxylic Acid).—Ten grams of carbamidophthalic acid are 
heated on the water-bath with a mixture of 15 grams of concen- 
trated hydrochloric acid and 10 c.c. of water. The mixture soon 
orms a colourless, pasty mass. The heating is continued until 
most of the hydrochloric acid is removed. The mass is then 
extracted with hot water and the insoluble hydantoincarboxylic 
acid filtered off, washed with warm water, and dried in a vacuum. 
PThe yield is 8°5 grams or 95 per cent. of the theoretical. Thus 


ith prepared, the hydantoin is a colourless powder, slightly soluble in 


alcohol and boiling water; it crystallises from the latter in minute 
needles, which do not melt below 320°, but sublime slowly above 
280°. It dissolves readily in sodium carbonate solution and is 
‘Preprecipitated by acetic acid (Found: N = 13:28. C,H,0,N, re- 
quires N = 13°59 per cent.). 

The sodium salt is obtained by dissolving the acid in just 
sufficient hot sodium carbonate solution to give a clear solution. 
Qn cooling, the salt crystallises in radiating masses of slender 


spe needles. It may be recrystallised from water, in which it is very 


soluble (Found in air-dried material: H,O = 19°06; Na = 7°99. 
‘6 (,H,0,N,Na,3H,O requires H,O = 19°15; Na = 8°16 per cent.). 


Action of Sodium Hypochlorite on the Hydantoin. 


The hydantoin dissolves in sodium hypochlorite solution with a 
brown colour, and from the solution acetic acid throws down a 
colourless precipitate, which is filtered, washed with water, and 
tied in a vacuum. The substance liberates iodine from potass- 
ium iodide, and when heated with alcohol loses chlorine, regener- 
ating the original substance. It is therefore probably represented 
by one of the following formule or the tautomeric forms : 


tis very unstable and readily decomposes in the air. On titrating 
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the amount of iodine liberated from potassium iodide in a know 
weight of substance, only 70 per cent. of the theoretical quantity 
of chlorine was found to be present. 

The sodium salt is prepared by dissolving the chlorine coy. 
pound in a little warm sodium hydroxide solution. On cooling 
the salt crystallises in colourless needles, which may be recrystgl. 
lised from a little water. It contains water of crystallisation, buffi 
analysis showed that this product also was not pure. 


Action of Methyl Sulphate on the Hydantoin. 


(1) Four grams of the hydantoin were dissolved in sufficient 
sodium hydroxide to give a clear solution, four grams of methyl 
sulphate added, and the mixture warmed on the water-bath fa 
an hour. The thick, yellowish precipitate was filtered, washed 
with dilute hydrochloric acid, then with water, and dried ins 
vacuum. It crystallised from a mixture of alcohol and water in 
minute needles, which melted at 307—311°. It was sparingly solubk 
in water and alcohol, but dissolved readily in alkalis and wa 
reprecipitated unchanged by acids even after boiling with sodium 
hydroxide solution. 

The percentage of nitrogen shows that it contains two methyl 
groups (Found: N = 12°04, 12:25. C,,H,,0,N, requires N = 11% 
per cent.). The substance is therefore the dimethyl] ether of the 
hydantoin, 

( SN===¢-0Me | 
\ / O(OMe)-N 
CO,H 

(2) Three grams of the hydantoin were dissolved in excess d 
sodium hydroxide solution (about twice the amount required to 
dissolve the acid) and 6 grams of methyl sulphate added. n 
shaking the mixture vigorously it became hot and the layer d 
methyl sulphate gradually disappeared. The reaction was col 
pleted by heating on the water-bath for an hour. A clear solution 
was then obtained, from which, when cold, a mass of fine, colour 
less needles gradually separated. They were filtered and recrystl 
lised from hot alcohol. 

The substance obtained in this way melts at 137°. Its 
sparingly soluble in water, very soluble in hot alcohol, and mode 
ately soluble in cold alcohol. It is insoluble in cold solutions of 
sodium carbonate or hydroxide, but gradually dissolves on heating 
The substance is probably the methyl ester of the dimethylatel 
hydantoin described above. In order to confirm this, the substan 
was prepared in the manner described below. 
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1-Methyl 2-Hydrogen 3-Carbamidophthalate. 


1-Methyl 2-hydrogen 3-nitrophthalate is reduced to the amino- 
compound with stannous chloride and hydrochloric acid as described 
under aminophthalic acid. The 1-methyl ester of 3-aminophthalic 
Bacid is thus obtained in colourless needles, m. p. 150°. The yield 
is nearly theoretical. Five grams of the amino-ester hydrochloride 
and 3 grams of potassium isocyanate are dissolved separately in 
water and the solutions mixed. Sodium carbonate solution is then 
added until the mixture is only slightly acid. On rubbing the 
side of the vessel the carbamido-compound begins to separate as 
a colourless, crystalline powder. After standing overnight, the 
precipitate is filtered, washed with water, and dried in a vacuum. 
The yield is 70 per cent. of the theoretical. When heated, the 
substance melts with decomposition at 162° and resolidifies to a 
yellow mass, which melts at about 185°. 


Methyl Ester of the Hydantoin. 


The carbamido-ester is heated on the water-bath with hydro- 
thlorie acid as described in the preparation of the free acid (see 
above). The hydantoin methyl ester is obtained as a colourless 
powder, which may be recrystallised from dilute alcohol. When 
heated, it turns yellow at about 180° and melts at 310—312°. 


Action of Methyl Sulphate on the Hydantoin Methyl Ester. 


Three grams of the ester were mixed with 2°5 grams of methyl 
sulphate and sufficient sodium hydroxide to give a clear solution 
m shaking. The mixture gradually became hot, and in order to 
avoid hydrolysis of the ester it was cooled in water. After a 
short time the liquid became semi-solid from the separation of 
‘the crystalline methyl derivative. The latter was filtered, washed 
with dilute hydrochloric acid, and dried in a vacuum. The sub- 
‘Mstance melted at 137—140°. It dissolved readily in hot alcohol 
‘gud after crystallisation melted at 144°. Repeated recrystallisa- 
tion did not change the melting point. The substance, m. p. 137°, 
described above is probably identical with this compound, but not 
“Bj wuite as pure (Found: N = 11°42. C,.H,,0,N, requires N = 11-29 
per cent.). The substance contains, therefore, three methyl] groups, 


ing @ nd is the methyl ester of the dimethylated hydantoin, 


, N———C-OMe 
— CoHa<((OMe):N 
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Nitration of the Hydantoin. 


Three grams of the hydantoin were dissolved in 25 grams ¢ 
sulphuric acid by warming gently and 5 grams of fuming nitric 
acid added. The mixture became hot and acquired a deep rej 
colour; after being heated on the water-bath for an hour, during 
which the red colour disappeared, the mixture was cooled and 
poured into 40 c.c. of cold water. The solution, on cooling, 
deposited a yellow, crystalline precipitate, which was filtered off and 
dried. It melted at 298° (with decomposition) and, after repeated 
crystallisation from hot water, at 253°; the melting point was not 
altered by further crystallisation (Found in material dried at 120°: 
N= 1810. C,H;O,N, requires N = 16°73; C,H,O,N, requires 
N = 18°92 per cent.). The product was therefore a mixture of 
the mono- and di-nitrohydantoins. 

A portion of the crude product (m. p. 298°) was converted into 
the sodium salt by dissolution in hot sodium carbonate solution. 
On cooling, the salt crystallised out in glistening yellow plates, 
which were recrystallised from hot water, and dried at 150 
(Found : N = 16°75. CgH,O,N,Na requires N = 15°38 ; C,H,0,N,Na 
requires N = 17°61 per cent.). Here again the product was a 
mixture of the mono- and di-nitro-derivatives. 


Preliminary Note on 4-p-Hydroxybenzylhydantoin and its 
Derivatives. 


4-p-Hydroxybenzylhydantoin was prepared by Dakin’s method 
(J. Biol. Chem., 1910, 8, 30). To 6 grams of tyrosine in 30 cc. 
of boiling water about 3 grams of potassium isocyanate wer 
added and the liquid boiled until a clear solution was obtained. 
Twenty c.c. of concentrated hydrochloric acid diluted with 40 c.. 
of water were then added and the solution boiled for a quarter of 
an hour. The hydantoin separated in colourless crystals, which, 
after cooling, were filtered and washed. The yield was equal to 
the weight of the original tyrosine. 

4-p-Acetoxybenzylhydantoin.—Two grams of the hydantoin wert 
mixed with 8 grams of acetic anhydride. No apparent action took 
place, and the hydantoin remained undissolved until a minute 
quantity (0°2 gram) of anhydrous sodium acetate was added, when 
the hydantoin at once passed into solution.* The product was 
evaporated and water added, when the acetyl derivative separated 
as a viscous mass, which soon solidified. It was crystallised from 


* It is evident that the sodium acetate acts as a catalyst, and it is ou 
intention to study this effect in other cases of acetylation. 
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dilute alcohol and formed clusters of colourless needles, m. p. 
117—118°. 
4-p-Acetoxybenzylhydantoin OO-Dimethyl Ether, 


Me). N 
OAcC,H CH CH<y Oho? C-OMe 


—To a mixture of 0°9 gram of the acetyl derivative and 1°5 grams 
of methyl sulphate a 10 per cent. solution of sodium hydroxide 
was added drop by drop with gentle warming until the reaction was 
permanently alkaline. After standing, the oily liquid solidified, 
and the crystalline mass was filtered, washed, and crystallised from 
alcohol, when it formed glistening needles, m. p. 144—145° (Found : 
N=9°65. C,,H,,0,,N. requires N = 10:1 per cent.). 
4-p-Hydroxybenzylhydantoin OO-Dimethyl Ether, 
C(OMe):N : 

OH:C,H 4 CH,CH<y——— 4, ‘OMe 
—On boiling the preceding compound with a little concentrated 
hydrochloric acid it gradually dissolved and glistening foliated 
crystals were obtained on cooling, which melted at 180—182° after 
crystallisation from alcohol. 

Methyl Ether of the Dimethylated Hydantoin.—One gram of 
methyl sulphate was added to 0°5 gram of the hydantoin and the 
mixture made gradually alkaline with sodium hydroxide and 
warmed until the excess of methyl sulphate was removed. A 
colourless solid separated, which was filtered, washed with water, 
and extracted from the unchanged hydantoin with alcohol. After 
the alcohol had been evaporated and the residue crystallised from 
toluene, the substance melted at 134° (Found: N = 11°23. 
C\3H,,0,N, requires N = 11°3 per cent.). 


Action of Benzenediazonium Chloride on the Hydantoin. 


03 Gram of the hydantoin was dissolved in the least quantity 
of 10 per cent. sodium hydroxide solution. To this solution, 
diluted to 10 c.c., were added 6 c.c. of a solution containing in 
10 c.c. 1 gram of aniline dissolved in 3 c.c. of concentrated hydro- 
chloric acid and 3 c.c. of water and diazotised with 0°8 gram of 
sodium nitrite. The solution turned deep red, a brown precipi- 
tate formed, and finally a thick, orange, crystalline precipitate 
separated, which was filtered and washed with cold water. It 
crystallised from absolute alcohol in clusters of orange needles, 
which softened at 205°, darkened, owing probably to decomposi- 
tion, and melted completely at 220° (Found: N = 18°5. C,g,H,,;0,N, 
requires N = 18:1 per cent.), 
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The compound has probably the following formula : 

, CO-NH 

NPh:N:C,H,(OH)-CH,CH<yq. co 
Sodium Salt.—4-p-Hydroxybenzylhydantoin dissolves in sodium 
hydroxide solution, and the sodium salt slowly separates on evapor. 
ation or, more rapidly, by addition of alcohol, in colourless, flat, 
prismatic crystals (Found: Na = 13°6, 13:2, 13-4; H,O = 269, 
C,)H,0,N,Na,,5H,O requires Na = 13°5; H,O = 264 per cent,), 


For the tyrosine, which served for the above experiments, we 


are indebted to Dr. H. Raistrick. 


THE OrGANIc CHEMICAL LABORATORIES, 
Tue University, LEEDs. [Received, March 18th, 1921.] 


LXXII.—Organo-derivatives of Thallium. Part I. 
Some Reactions of Thalliumdialkyl Haloids. 


By ARCHIBALD Epwin GopDARD. 


THE object of the present work was to obtain mixed thallium 
alkyls of the types TIRR’-Hal. and TIRR’R”. To attain this 
the alkyls TIR,°Hal. have first been further investigated and their 
stability towards various reagents tested. 

Meyer and Bertheim (Ber., 1904, 37, 2051) obtained thallium. 
dimethyl bromide by the action of magnesium methyl bromide 
(4 mols.) on thallic chloride (1 mol.) (yield 62°5 per cent. of the 
theoretical). The general equation given for the reaction was: 

TIC], + 2MgRCl = TIR,Cl + 2MgCl,. 

The author has found that when 5 molecules of magnesium 
alkyl haloid to 1 molecule of thallic chloride are used the yield 
of thalliumdialkyl haloid always approximates to 50 per cent. 
Only half of the thallium in the thallic chloride of the above 
equation is thus accounted for, and it is possible that the other 
half goes to form a trialkyl compound, which may be either a gas, 
and is evolved during the reaction, or a liquid decomposed by 
water. 

Previous investigators obtained thalliumdimethyl iodide (m. Pp. 
264—266°) by treating the corresponding bromide with potassium 
iodide, but it is now found that the iodide formed by the use of 
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magnesium methyl iodide on thallic chloride only shows slight 
decomposition at 295°. 

When the alkaline solution obtained by treating this iodide 
with moist silver oxide is evaporated in the air, thalliumdimethyl 
carbonate is formed, and silver chromate and nitrate react with 
the haloid to yield thalliumdimethyl chromate and nitrate respec- 
tively. Copper bronze or metallic sodium in dry solvents has no 
action on thalliumdialkyl haloids. 

In the ethyl series thalliumdiethyl thiocyanate and chromate 
were obtained by the use of silver salts, but silver dichromate 
and ferro- and ferri-cyanides failed to give compounds. 

Trichloroacetic acid reacts with a solution of thalliumdiethyl 
hydroxide to give the trichloroacetate. 

With the Grignard reagent, thallic chloride gives results analogous 
to those obtained by Pope and Gibson with auric chloride (T., 
1907, 91, 2061). The resulting thalliumdiethyl bromide, however, 
whilst reacting easily with silver salts, is quite stable towards 
bromine when treated under the same conditions as the gold com- 
pound; it also failed to react with magnesium phenyl bromide 
either in the cold or when heated. 

Meyer and Bertheim (loc. cit.) showed that only spongy thallium 
was obtained by the interaction of magnesium alkyl haloids and 
thallous chloride; it is now found that replacement of the latter 
by the chlorobromide, T1,Cl,Br,, gives the same result (Cushmann, 
J. Amer. Chem. Soc., 1901, 26, 505), and that magnesium isopropyl 
iodide and thallic chloride produce thallous iodide in quantitative 
yield. 

In the case of haloids, cyanides, and thiocyanates, in the presence 
of nitric acid and silver nitrate, the following equation has been 
found to represent the reaction quantitatively : 

R,TIX + AgNO, = AgX + R,TINO,, 
where X = Hal., CN, or SCN. The organic nitrate formed is soluble 
in water. 


EXPERIMENTAL. 
Action of Magnesium Methyl Iodide upon Thallice Chloride. 


A solution prepared from 7°5 grams of magnesium and 44:4 
grams of methyl iodide was added in small amounts with continual 
thaking to 19°44 grams of thallic chloride dissolved in 75 c.c. of 
try ether cooled in a freezing mixture. At first the reaction was 
very violent and a brownish-red precipitate separated out. When 
nearly all the Grignard reagent had been added, the colour changed 
to pale yellow. After remaining at room temperature for half an 
hour the product: was decomposed by dilute hydrochloric acid and 
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the residue after filtration extracted with boiling dilute ammoni, 
the solution on cooling depositing shining plates. Yield 8°5 gram; 
(46°2 per cent. of the theoretical). The crude product was purifiej 
by boiling with water containing a little potassium iodide, anj 
recrystallising twice from water. The compound thus obtain 
showed slight decomposition at 295°, but did not melt at 30 
(Found: Tl = 56°43; I = 35:20. C,H,ITI requires Tl = 56-49: 

= 35°15 per cent.). 

Thalliumdimethy! iodide is a white solid crystallising in plates, 
and is moderately soluble in water or ammonia, much less go in 
aleohol or acetone, and is insoluble in ether or light petroleum, 


Preparation of Salts. 


The following salts were prepared by boiling an aqueous solution 
of thalliumdimethyl iodide with silver salts in abofit 75 c.c. of 
water and evaporating the solution until crystals appeared. This 
mode of procedure applies also to the ethyl compounds described, 
the starting-point in this case being thalliumdiethyl bromide. 

Thalliumdimethyl Carbonate.—This was obtained by the inter. 
action of 4°7 grams of the iodide and 4°0 grams of silver oxide, 
the resulting solution being concentrated in the air. After six 
crystallisations from alcohol, 2°6 grams of pure product wer 
isolated, the crystals evolving a gas at 255° (Found: Tl = 76°65; 
CO, = 11°38. C;H,,0,Tl, requires Tl = 77°22; CO, = 11:37 per 
cent.). The salt crystallises in large hexagonal plates, which ar 
very soluble in water, moderately so in alcohol or acetone, and 
dissolve slightly in ether. By treatment with mineral acids, carbon 
dioxide is evolved and salts are formed. 

Thalliumdimethyl Chromate——The crude product obtained from 
2 grams of thalliumdimethy] iodide and 1:0 gram of silver chromate, 
after two recrystallisations from water, gave a theoretical yield 
of thalliumdimethyl chromate, which decomposed at 255° without 
melting (Found: Tl = 69°74; Cr = 8°75. ©,H,,0,CrTI, requires 
Tl = 69°83; Cr = 8°89 per cent.). The salt is a brilliant yellow 
solid crystallising in plates; it is very soluble in water, alcohol, ot 
acetone, and dissolves slightly in ether or light petroleum. 

Thalliumdimethyl Niirate—Two grams of thalliumdimethy! 
iodide and 1°0 gram of silver nitrate gave a crystalline product, 
which, after two recrystallisations from alcohol, did not melt a 
300° (Found: Tl = 68°56. C,H,O,NTI requires Tl = 68°88 pe 
cent.). The nitrate crystallises in shining, white plates, and 
is soluble in water, alcohol, or acetone, but is less soluble » 
ether. 
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Attempts to Remove the Iodine from Thalliwmdimethyl Iodide.— 
Two grams of the iodide, 0°5 gram of copper bronze, and 15 c.c. 
of dry acetone were refluxed on a water-bath for seven hours. 
The solution was filtered and 1°5 grams of the iodide were recovered 
mchanged. By treating a similar quantity of the iodide with 
metallic sodium in dry benzene a like result was obtained. No 
complex of the type Me,TI-TlMe, was isolated in either case. 

Thalliumdiethyl Thiocyanate-—By the interaction of 1:0 gram of 
thalliumdiethyl bromide and 0°8 gram of silver thiocyanate a 
product was formed, which did not melt at 300° after two re- 
aystallisations from alcohol. Yield 0°6 gram (Found : Tl = 63°49; 
SCN = 17°64. C,H, NSTI requires Tl = 63°67; SCN = 18:14 per 
ent.). The salt forms small, colourless plates, which are readily 
swluble in water or alcohol, but slightly so in ether. 

Thalliumdiethyl Chromate.—The iodide (1°5 grams) and 0°7 gram 
of silver chromate gave a theoretical yield of thalliwmdiethyl 
chromate. After one crystallisation from alcohol, the crystals 
decomposed with violent explosion at 193° (Found: Tl = 63°35; 
(r= 7°87. CgH,.0,CrTl, requires Tl = 63°69; Cr= 812 per 
ent.). The salt crystallises in brilliant yellow plates, and is very 
soluble in water or alcohol, but less so in ether. 

Action of Silver Dichromate upon Thalliumdiethyl Bromide.— 
When 1°36 grams of the bromide and 1-0 gram of the silver salt 
were used, two crops of crystals (a) and (b) were obtained. The 
deposit (a) did not melt at 300° and consisted of unchanged bromide 
(Found: Tl = 59°35. Calc., Tl = 59°61 per cent.). Deposit (b) 
did not depress the melting point of thalliumdiethyl chromate. 

Silver Ferro- and Ferri-cyanides and Thalliumdiethyl Bromide.— 
The usual procedure was adopted, but neither of these silver salts 
reacted, unchanged bromide being recovered in both cases. 

Thalliumdiethyl Trichloroacetate—The solution obtained from 
4 gram of thalliumdiethyl bromide and 1-0 gram of silver oxide 
was acidified with trichloroacetic acid and evaporated, whereby 
03 gram of crystals was isolated, which did not melt at 300°. 
When the salt was hydrolysed by potassium hydroxide in the 
presence of aniline, phenylearbylamine was formed, the presence 
of the trichloroacetic acid radicle being thus proved (Found : 
Tl= 48-01. C,H,,0,Cl,T1 requires Tl = 48°03 per cent.). The salt 
forms white, crystalline plates, and is very soluble in water, alcohol, 
or acetone, but less so in light petroleum. 
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Action of Magnesium Ethyl Bromide upon the Compound 
T1,Cl, Brg. 


Five grams of the chlorobromide were added in small quantities 
to the reagent prepared from 2°0 grams of magnesium and 9:1 grams 
of ethyl bromide in dry ether. An immediate reaction took place 
and after decomposition of the solution 3°2 grams of metallic 
thallium were obtained. As the original chlorobromide contained 
3°5 grams of thallium, quantitative reduction had occurred. 


Action of Magnesium isoPropyl Iodide upon Thallic Chloride. 


A solution prepared from 11°75 grams of isopropyl iodide and 
2°0 grams of magnesium in dry ether was slowly added to a solution 
of 5-2 grams of thallic chloride in the same solvent, cooled ina 
freezing mixture. After remaining half an hour the solution was 
decomposed, but no trace of organic matter was found in the 
residue. Three grams of thallous iodide were isolated, and as 
the original thallic chloride should have yielded 3°4 grams, quanti- 
tative reduction had occurred. 


The author is indebted to the Research Fund of the Chemical 
Society for a grant which has defrayed the expenses of this investi- 
gation. 
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Mass-spectra and Atomic Weights. 


A Lecture DELIVERED BEFORE THE CHEMICAL SOCIETY ON 
Apri 7TH, 1921. 


By Francis WILLIAM AsToN. 


PossisLY the most important generalisation in the whole history 
of chemistry is the Atomic Theory put forward by John Dalton in 
1903, and it is a striking tribute to the shrewd intuition of that 
observer that of his five postulates only one seems to be in the least 
degree faulty, and more than a century of active and unremitting 
investigation has been necessary to detect the flaw in it. 

The postulate in question states that: ‘“ Atoms of the same 
dement are similar to one another and equal in weight.” Of 
course, if we take this as a definition of the word “ Element” it 
becomes a truism, but, on the other hand, what Dalton probably 
meant by an element, and what we understand by the word to-day, 
isa substance such as hydrogen, oxygen, chlorine, or lead, which 
has unique chemical properties and cannot be resolved into more 
eementary constituents by any known chemical process. For 
many of the well-known elements Dalton’s postulate still appears 
to be strictly true, but for others, probably the majority, it needs 
some modification. 

The general state of opinion at the end of the last century may 
be gathered from the following quotations from Sir William Ramsay’s 
address to the British Association at Toronto in 1897: “ There 
have been almost innumerable attempts to reduce the differences 
between atomic weights to regularity by contriving some formula 
which will express the numbers which represent the weights with 
all their irregularities. Needless to say, such attempts have in no 
case been successful. Apparent success is always attained at the 
expense of accuracy, and the numbers reproduced are not those 
accepted as the true atomic weights. Such attempts, in my opinion, 
are futile. Still, the human mind does not rest contented in merely 
chronicling such an irregularity; it strives to understand why such 
an irregularity should exist. . . . The idea . . . has been advanced 
by Professor Schutzenberger, and later by Mr. Crookes, that what 
we term the atomic weight of an element is a mean; that when we 
say the atomic weight of oxygen is 16, we merely state that the 
average atomic weight is 16; and that it is not inconceivable that 
4 certain number of molecules have a weight somewhat higher 
than 32, while a certain number have a lower weight.” 
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That such conjectures were then regarded as wildly speculatiy 
shows how strong was the faith in Dalton’s postulate, which j 
all the more remarkable when we consider that at that time no 
one single direct experimental proof of it had been offered. Such 
proof, obviously, can only be obtained by some method whieh 
measures the masses of atoms individually, and at that time non 
had been developed. 

The first direct evidence that the atoms of an element were at 
least approximately equal in mass appears to be that obtained 
by Sir J. J. Thomson in 1910 by his well-known method of analysis 
of positive rays. The fact that sharply defined, parabolic streaks 
were obtained at all proves that the ratio of the masses of the 
separate particles causing them to the charges of electricity they 
carry is constant. The latter was known to be a definite unit, 
e, or a simple multiple of it, so that if the masses of the individual 
atoms varied amongst each other in an arbitrary manner an in. 
distinct blur would result instead of a clear-cut parabola. 

Before going on to the evidence of positive rays in greater detail, 
it will be as well to consider briefly the evidence upon which was 
founded the theory of isotopes. The first indication that it might 
be possible to obtain substances having identical chemical properties 
but different atomic weights was afforded by the brilliant researches 
on the radioactive elements made by Sir E. Rutherford and his 
colleagues. Investigations on the transformations of the different 
radioactive families showed that certain products, such as lead, 
could be formed in several ways. Each of the leads so formed was 
found to have chemical properties identical in every respect with 
those of ordinary lead, but their method of production precluded 
any possibility of them all having the same atomic weight. Such 
bodies, although having different atomic weights, must occupy the 
same position in the Periodic Table of the elements, and on this 
account have been called “ isotopes’ by Professor Soddy. 

Moseley’s epoch-making discovery has shown us that chemical 
properties depend, not on atomic weight, but on something much 
more fundamental, namely, atomic number. The atomic number 
of an element is the number of units of positive electricity on the 
nucleus of its atoms; the nuclear charge of hydrogen is 1, of 
helium 2, of lithium 3, and so on. We see, therefore, that isotopes 
are elements having the same atomic number but different atomit 
weights. 

The theory of isotopes was triumphantly vindicated during 
the war by the researches of Soddy, Richards, Honigschmitt, 
and others on the atomic weights of lead found in various radi¢ 
active minerals. Quantities were obtained ample for the mo! 
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accurate determinations by chemical methods, and the atomic 
weights were found to differ from each other and from that of 
ordinary lead by quantities altogether outside possible experimental 


error. 
Long before this convincing proof was forthcoming the theory 


of isotopes was discussed with the greatest interest in connexion 
with atomic weights in general. If isotopes occurred among the 
heavy elements, why should they not be possible among the lighter 
non-radioactive ones? in which case elements with fractional 
atomic weights might clearly be mixtures, the constituents having 


fatomic weights equal to whole numbers. This explanation was a 


very attractive one, for the curious jumble of whole numbers and 
fractions in the atomic weights, when referred to oxygen as 16, has 
always been a serious stumbling-block in the way of any simple 
theory of atom-building. The accurately determined atomic weight 
of chlorine, 35-46, has certainly nothing to recommend it. It is 
reminiscent of the number of square yards in a square rod, pole, 
or perch, but the idea of Nature working on the same lines as 
the British weights and measures is an eminently unattractive 
one. 

The first support of the isotope theory among non-radioactive 
elements was given by the anomalous behaviour of the inactive gas 
neon when analysed by Sir J. J. Thomson’s method of positive rays. 
This peculiarity was that, whereas all elements previously examined 
gave single, or apparently single, parabolas, that given by neon was 
definitely double. The brighter curve corresponded roughly with an 
atomic weight 20, the fainter companion with one of 22, the atomic 
weight of neon being 20-20. In consequence of reasoning adduced 
from the characteristics of the line 22, the discoverer was of the 
opinion that it could not be attributed to any compound, and that 
therefore it represented a hitherto unknown elementary constituent 
ofneon. This agreed very well with the idea of isotopes which had 
just been promulgated, so that it was of great importance to 
investigate the point as fully as possible. 

The first line of attack was an attempt at separation by repeated 
fractionation over charcoal cooled with liquid air, but even after 
many thousands of operations the result was entirely negative. 
It is some satisfaction to know that this result was inevitable, 
as Professor Lindemann has recently shown on thermodynamical 
grounds. Fractional diffusion through pipeclay was more effective 
and gave a positive result. An apparent difference of density of 
0-7 per cent. between the lightest and heaviest fractions was obtained 
after an exceedingly laborious set of operations. When the war 
interrupted the research, it might be said that several independent 
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lines of reasoning pointed to the idea that neon was a mixture ¢ 
isotopes, but that none of them could be said to carry the conyictig 
necessary in such an important development. 

When the work was recommenced, attention was again directaj 
towards positive rays, for it was clear that if an analysis could 
made with such accuracy that it could be demonstrated with 
certainty that neither of the two atomic weights so determing 
agreed with the accepted chemical figure, the matter could 
regarded as settled. This could not be done with the parabola 
already obtained, but the accuracy of measurement was raised to 
the required degree by means of the arrangement illustrated in 
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Fig. 1.* Positive rays are sorted out into a thin ribbon by means 
of the two parallel slits, S, S,, and are then spread into an electrie 
spectrum by means of the charged plates, P,, P,. A portion 
this spectrum deflected through an angle, 6, is selected by the 
diaphragm D and passed between the circular poles of a powerful 
electromagnet, O, the field of which is such as to bend the rays back 
again through an angle, 4, more than twice as great as 6. The 
result of this is that rays having a constant mass (or more correctly 
constant m/e) will converge to a focus, F, and that if a photographic 
plate is placed at GF, as indicated, a spectrum dependent on mass 
alone will be obtained. On account of its analogy to optical 
apparatus, the instrument has been called a positive ray spectt0- 
graph and the spectrum produced a mass-spectrum. 


* Reprinted, by permission, from Phil. Mag., 1919, [vi], 38, 710. 


[To face Trans., P- 681, 
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Fig. 2* shows a number of typical mass-spectra obtained by 
his means. The numbers above the lines indicate the masses they 
srrespond with on the scale O = 16. It will be noticed that the 
jisplacement to the right with increasing mass is roughly linear. 
The measurements of mass made are not absolute, but relative to 
ines which correspond with known masses. Such lines, due to 
hydrogen, carbon, oxygen, and their compounds, are generally 
present as impurities or purposely added, for pure gases are not 
suitable for the smooth working of the discharge tube. The 
two principal groups of these reference lines are the C, group due 
40 C(12), CH (13), CH, (14), CH, (15), CHy, or 0(16), and the 
, group (24 to 30) containing the very strong line C,H, or CO (28). 
These groups will be seen in several of the spectra reproduced ; 
hey give with the CO, line (44) a very good scale of reference. 

It must be remembered that the ratio of mass to charge is the 

al quantity measured by the position of the lines. Many of the 
particles are capable of carrying more than one charge. A particle 
arrying two charges will appear as having half its real mass, one 
arrying three charges as if its mass was one-third, and soon. Lines 
lue to these are called lines of the second and the third order. 

ines of high order are particularly valuable in extending our scale 
of reference. 

When neon was introduced into the apparatus, four new lines 
made their appearance at 10, 11, 20, and 22. The first pair are 
second-order lines and are fainter than the other two. All four are 
vell placed for direct comparison with the standard lines, and a series 
of consistent measurements showed that to within about one part ina 
housand the atomic weights of the isotopes composing neon are 20-00 
ind 22-00 respectively. Ten per cent. of the latter would bring the 
mean atomic weight to the accepted value of 20-20 and the relative 
itensity of the lines agrees well with this proportion. The isotopic 
onstitution of neon seems therefore settled beyond all doubt. 

The element chlorine was naturally the next to be analysed, 
ud the explanation of its fractional atomic weight was obvious 

om the first plate taken. Its mass-spectrum is characterised by 
our strong first-order lines at 35, 36, 37, 38, with fainter ones at 

:40. There is no sign whatever of any line at 35-46. The simplest 
‘planation of the group is to suppose the lines 35 and 37 are due 

0 the isotopic chlorines, and lines 36 and 38 to their corresponding 
tydrochloric acids. The elementary nature of lines 35 and 37 is 
so indicated by the second-order lines at 17-5, 18-5, and also, 
vhen phosgene was used, by the appearance of lines at 63, 65, due 
9 COCI(35) and COCI(37). 
* Reprinted, by permission, from Phil. Mag., 1920, [vi], 39. 
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Quite recently it has been found possible to obtain the spectruy 
of negatively charged rays. These rays are formed by a norm| 
positively charged ray picking up two electrons. On the negatiy 
spectrum of chlorine only two lines, 35 and 37, can be seen, so tha 
the lines at 36 and 38 cannot be due to isotopes of the element 
These results, taken with many others which cannot be state 
here in detail, show that chlorine is a complex element and tha 
its principal isotopes are of atomic weight 35 and 37. There may 
be, in addition, a small proportion of a third of weight 39, but 
this is doubtful. Spectra show the results with chlorine taken with 
different magnetic field strengths. 

The objection has been raised on many occasions that if chlorine 
consists of isotopes, how is it that its atomic weight has bea 
determined so accurately and so consistently by different chemists! 
The obvious explanation of this appears to be that all the accurate 
determinations have been done with chlorine derived originally fron 
the same source, the sea, which has been perfectly mixed for zon, 
If samples of the element are obtainable from some other original 
source, it is quite possible that other values of atomic weight wil 
be determined, exactly as in the case of lead. 

The mass-spectrum of argon shows an exceedingly bright lin 
at 40, with second-order line at 20 and third-order line at 13}. 
The last is particularly well placed between known reference lines 
and its measurement showed that the triply charged atom causing 
it had a mass 40-00 very exactly. Now the accepted atomic weight 
of argon is less than 40, so the presence of a lighter isotope was sug- 
gested. This was found at 36 and has now been fully substantiated; 
its presence to the extent of about 3 per cent. is sufficient to account 
for the mean atomic weight obtained by density determinations. 

The elements hydrogen and helium presented peculiar difficulties 
as their lines were too far removed from the reference lines fa 
direct comparison. By means of a special “ bracketing ” method 
moderately accurate values were obtained. Helium appears 
be exactly 4 on the oxygen scale, but hydrogen is definitely greate 
than unity; the value obtained agrees very well with that already 
arrived at by chemical methods, namely, 1-008. At the same time, 
measurements of the 3 line, first observed by Sir J. J. Thomso, 
were made, which came out at 3-024, satisfactorily proving it 
be due to triatomic hydrogen. 

Krypton and xenon gave surprisingly complex results. Tht 
former consists of six isotopes 78, 80, 82, 83, 84,86. The weights 
these could be determined with great accuracy by means of tit 
excellent second- and third-order lines they gave. ‘The first & 
periments with xenon led to the observation of five isotopes; tl 
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rovisional values of these were given as one unit too low. Owing 
to the kindness of Professor Travers and Dr. Masson, I have recently 
been enabled to repeat the analysis with gas much richer in xenon. 
With this the second-order lines could be observed and measured. 
The five principal isotopes of xenon are 129, 131, 132, 134, 136; 
there is apparently a faint sixth component at 128 and a doubtful 
seventh at 130. 

Experiments with boron fluoride indicated that boron has at 
least two isotopes, 10 and 11, and that fluorine is a simple element 
of atomic weight 19. 

Silicon is another unmistakably complex element having two 
isotopes, 28 and 29, with a possible additional one, 30. 

Bromine was of great interest; as it has an atomic weight almost 
exactly 80, it might reasonably be expected to be simple and an 
isobare of one of the kryptons; actually it consists of equal parts 
of 79 and 81. 

Sulphur, phosphorus, and arsenic are all apparently simple 
edements. Mercury is certainly mixed, although its closer com- 
ponents cannot be resolved on the present apparatus. Its very 
characteristic groups are seen as high as the fifth order, and appear 
on nearly all the spectra taken. The group consists of a continuous 
succession of lines forming a band, 197 to 200, a strong line at 202 
and a weak one at 204. Recently at Copenhagen Brénsted and 
Hevesy have succeeded in partly separating the isotopes of mercury 
by a fractional distillation at extremely low pressure. They give 
as their figures for the densities compared with that of normal 
mercury as unity: 


Condensed mercury ..........seccecsecsesesseeees 0°999980 
FROGIAUAL WASTOUTY ....00ccscccsecccsccsscsccccesees LOOOOSL 


The accuracy claimed is less than one part in a million. 

Selenium, tellurium, antimony, and tin have all been used in the 
discharge tube with no results of any value. This is unfortunate, 
for the atomic weight of selenium, 79-2, suggests that one of its 
isotopes must be an isobare of bromine or krypton; also the relation 
between tellurium and iodine is of great interest. 

lodine, fortunately, gave a very definite result. It is a simple 
element of atomic weight 127. This is rather surprising, as all the 
theoretical papers on the isotopic constitution of elements have 
predicted a complex iodine. Prophecy in physics becomes a 
difficult trade when experimental results produce these surprises ; 
apparently the only really trustworthy prediction is that there are 
plenty more in store for us. 

The following is a list of elements and isotopes determined by the 
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mass-spectrograph using the ordinary discharge-tube method fy 
the generation of the rays: 


Table of Elements and Isotopes. 
Minimum 
Atomic Atomic numberof Masses of isotopes in 
Element. number. weight. isotopes. order of intensity. 
1°008 
3°99 
10°9 
12°00 
14°01 
16°00 
19°00 
20°20 
28°3 
31°04 
32°06 
35°46 
39°88 
74°96 
79°92 
82°92 
126-92 
130°2 129, 132, 131, 134, 136, 
(128, 130 ?) 
200°6 (197-200), 202, 204 


(Numbers in brackets are provisional only.) 


20, 22, (21) 
28, 29, (30) 
31 


32 
35, 37, (39) 
40, (36) 
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79, 81 
84, 86, 82, 83, 80, 78 
127 
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By using a heated anode coated with metallic salts it has recently 
been found possible to obtain the mass-spectra of the elements of 
the lithium group. Lithium proves to be a mixture of isotopes 
6 and 7. 

Sodium is simple, as its atomic weight, 23-00, would lead us to 
expect; it forms a convenient standard of mass, as oxygen and 
the other non-metallic elements do not appear when this method 
is employed. 

Potassium gives a strong line at 39 and a very weak one at 4l. 
Rubidium gives a pair of much more equal intensity at 85 and 8. 
The relative intensities of these two lines correspond satisfactorily 
with the accepted atomic weight. Although the atomic weight of 
cesium (132-81) indicates complexity, no line except one at 133 
has so far been distinguished. If a lighter isotope exists, its pro 
portion must be very small. 

The relation between the halogens, the inactive gases and the alkali 
metals is indicated in Fig. 3. The heights of the columns above 
the atomic weights roughly represent the proportions of the isotopes 
present. It will be noted that, with one very doubtful exception, 
Cl (39), there are no isobares; and also that there is a very marked 
tendency for even atomic numbers to be associated with evel 
atomic weights and odd with odd. 
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Itis clear that the order of the chemical or ‘‘ mean” atomic weights 
in the Periodic Table has no practical significance; anomalous 
ases such as argon and potassium are simply due to the relative 
proportions of their heavier and lighter isotopes. 

By far the most important result of these measurements is that, 


Fia. 3. 
Isotopes of the Halogens, the Inactive Gases, and the Alkali Metals. 


Fluorine (9) Neon (10) Chlorine (17) Argon (18) 
Sodium (11) Potassium (19) 


— 
| | 

T _m_ tT r r 
Ss & #1 22 


23 35 36 


Bromine (35) Krypton (36) 
Rubidium (37) 


Iodine (53) Xenon (54) 
Casium (55) 


| ft agi, 


27 128 129 130 13% 132 133 134 135 136 


With the exception of hydrogen, the weights of the atoms of all the 
detients measured, and therefore almost certainly of all elements, 
ate whole numbers to the accuracy of experiment, in most cases 
about one part in a thousand. Of course, the error expressed in 
fractions of a unit increases with the weight measuted, but with 
the lighter elements the divergence from the whole-number rule is 
xttemely small. 
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This enables the most sweeping simplifications to be made ji 
our ideas of mass. The original hypothesis of Prout put forwarj 
in 1815, that all atoms were themselves built of atoms of protyle,, 
hypothetical element which he tried to identify with hydrogen, i 
now re-established, with the modification that the primordial atons 
are of two kinds: atoms of positive and of negative electricity. 

Although the latter unit has long been known to us as » 
“electron,” its mate, which appears to be the real unit of mas, 
has only recently been given the name of “ proton.” 

The Rutherford atom, whether we take Bohr’s or Langmuir; 
development of it, consists essentially of a positively charge 
central nucleus around which are set planetary electrons it 
distances great compared with the dimensions of the nuclew 
itself. 

As has been stated, the chemical properties of an element depend 
solely on its atomic number, which is the charge on its nuclew 
expressed in terms of the unit charge, e. A neutral atom of a 
element of atomic number N has a nucleus consisting of K +J 
protons and K electrons, and around this nucleus are set N electrons, 
The weight of an electron on the scale we are using is 0-0005, » 
that it may be neglected. The weight of this atom will therefor 
be K +N, so that if no restrictions are placed on the value of { 
any number of isotopes are possible. 

The first restriction is that, excepting in the case of hydroger, 
K can never be less than JN, for the atomic weight of an element 
is always found equal to or greater than twice its atomic number. 
The upper values of K also seem to be limited, for, so far, no tw 
isotopes of the same element have been found differing by more tha 
10 per cent. of its mean atomic weight; the greatest numericd 
difference is eight units in the case of krypton. Except for the 
remarkable fact that in the great majority of cases so far determined 
K is an even number, the actual occurrence of isotopes does not 
seem to follow any law at present obvious, although their number! 
probably limited by some condition of stability. 

Protons and electrons may therefore be regarded as the bricks 
out of which atoms have been constructed. An atom of atomit 
weight m is turned into one of atomic weight m + 1 by the additia 
of a proton plus an electron. If both enter the nucleus, the nev 
element will be an isotope of the old one, for the/nuclear charge 
has not been altered. On the other hand, if the’ proton alone 
enters the nucleus and the electron remains outside, an element af 
next higher atomic number will be formed. If both these 
configurations are possible, they will represent elements of the sallé 
atomic weight but with different chemical properties. Such 
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dements are called “ isobares”’ and are actually known among the 
radioactive elements. 

The case of the element hydrogen is unique; its atom appears to 
consist of a single proton as nucleus with one planetary electron. 
sB [tis the only atom in which the nucleus is not composed of a number 
of protons packed exceedingly closely together. Theory indicates 
that when such close packing takes place the effective mass will be 
reduced, so that when four protons are packed together with two 
electrons to form the helium nucleus this will have a weight rather 
less than four times that of the hydrogen nucleus, which is actually 
the case. 

It is not to be supposed that the whole-number rule is of exact 
mathematical accuracy, for the unit of the oxygen scale is 
a “packed ’’ proton and its value is sure to alter slightly with the 
degree of packing. On this account it is of the greatest importance 
to push the accuracy of methods of atomic weighing as far as 
possible, for variations from the whole-number rule, if they could be 
determined with precision, would give us some hope of laying bare 
that innermost of secrets, the actual configuration of the charges 
in the nucleus. 

The results I have brought before you this evening lie on the 
border line of physics and chemistry, and although as a chemist I 
view with some dismay the possibility of eighteen different mercuric 
chlorides, as a physicist it is a great relief to find that Nature 
employs at least approximately standard bricks in her operations of 
element building. 


LXXIII.—Organic Derivatives of Tellurium. Part IV. 
Action of Ammonia and the Alkalis upon 
a-Dimethyltelluronium Di-iodide. 


By (the late) Ricoarp Henry VeRNoN. 


Action of Ammonia.—When dry ammonia is led over the «-iodjde 
T., 1920, 117, 90) the bright red salt rapidly becomes decolorised, 
id is transformed by continued action into a milky, semi-fluid 
mass. The composition at this stage corresponds with the formula 
HeMe,I,,6NH, and there is no further absorption. 

A whole series of very unstable compounds of the type 


TeMe,I,,nNHs3, 


here n=1... 6, exists. As m increases, the red colour of the 
aide gradually disappears, and for n = 3 vanishes completely, 
VOL. CXTX. BB 
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TeMe,I,,3NH, having the appearance of white porcelain. From 
n = 3 onwards, the solid becomes more and more liquid, and js 
nearly fluid when n = 6. Moreover, as the ammonia can be entirely 
removed, leaving the unaltered iodide, the system is reversible and 
can be expressed by the equation 


TeMe,I,,nNH, == TeMe,I, + »NHs3. 


The stability of the derivatives is approximately inversely pn. 
portional to »; the compound corresponding with n = 2 lose 
its ammonia but slowly. A paper impregnated with a chloroform 
solution of the iodide is about as sensitive to ammonia as litmus, 
the discoloured paper becoming red again after a short interval. 

The action of an aqueous solution of ammonia upon the «-iodide 
is totally different from that of the dry gas, and is very much 
more complicated. 

Di-iodotetramethylditelluronium Oxide.—When the iodide is treated 
with an excess of ammonium hydroxide on the water-bath, a film 
of bright yellow oil gradually forms on the surface of the more or 
less coloured solution. On cooling, this film partly solidifies and 
changes rather suddenly, especially on trituration with a glass 
rod, to a nearly colourless, very heavy, crystalline powder. The §: 
melting point fluctuates between 112° and 125°, and repeated 
analyses have shown considerable variations in both carbon and 
hydrogen. 

The nature of this substance, however, could be definitely estab- 
lished, because from the solution in boiling chloroform were deposited 
overnight deep golden yellow cubic crystals of di-iodotelramethyl- 
ditelluronium oxide containing half a molecule of chloroform of 
crystallisation, O(TeMe,I),,}CHCI, (hereinafter termed the oxy- 
iodide). The constitution follows from that of the «-iodide, and 
cannot be of the form *T'eMe,0,TeMe,I,,}CHCl,, since this would 
be a 8- and not an «-derivative. 

Hydrolysis of the Oxyiodide—By the action of boiling water 
the chloroform is removed and the molecule split up into the 
a-iodide and the «-base. 

©(TeMe,I), + H,O -> 2TeMe,I-OH — TeMe,I, + TeMe,(0H),. 
The condensation of the iodide and the base regenerates the oxy- 
iodide. It is immaterial whether aqueous ammonia or the «-base(T., 
1920, 117, 92) is allowed to act upon the iodide; in both cases the 
oxyiodide is obtained. 

The presumption that the alkali hydroxides and carbonates 
would react in a similar manner was fully confirmed; moreovet, 
it was found that 1 mol. of the iodide reacted with 1 mol. of the 

* The 8-base has the constitution TeMe,O (T., 1920, 117, 889). 
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alkali or with a 4 mol. of the carbonate. The results so far 
achieved can be expressed by three types of equations. 
(1) TeMe,I, + TeMe,(OH), -> 2TeMe,I-OH ——__. p I 
(2) 2TeMe,I, + 2MOH -—> 2MI + 2TeMe,I-OH—> TeMe,< 


in which M represents any of the alkali metals or the ammonium 


" Bradicle. 


Evidently the action of alkali hydroxides and carbonates upon 
the iodide is partly to convert it into the «-base, which in its turn 
reacts with the unaltered iodide to give the oxyiodide. The whole 
investigation therefore centres on the interaction between the 
base and its own iodide. . 

Heeren (Jahresbericht tiber die Fortschritie der Chemie, 1861, 566) 
investigated the action of ammonia upon what were evidently 
the «chloride and «-bromide, and expressed his results by the 
formula (C,H,TeO 4-C,H,;TeX), where X is either chlorine or 
bromine. ‘These were evidently the chloro- and bromo-analogues 
of the oxyiodide. As the author mentions no difficulty in con- 
nexion with the preparation and study of the ‘ Oxychloriir” and 
“OQxybromiir,” they must be moderately stable, and possibly 
sluble in water without that complete hydrolysis so characteristic 
of the corresponding iodide. 

Wohler and Dean (Annalen, 1855, 93, 236) also mention that 
"Bammonia and the «-chloride react to produce ‘“ Tellurmethyl- 
Qxychloriir ” [C,H,TeCl + C,H,TeO]. 

Di-iodohexamethyltritelluronium Dioxide-—The yellow oil (an 
wstable form of the oxyiodide) produced when an aqueous solution 
‘ff ammonia interacted with the iodide eventually disappeared on 
the continued addition of ammonia and the colourless solution 
ieposited glistening, white scales on cooling. 

The same result was produced when the ammonia was replaced 
Wy the «-base, and provided that at least two molecules of the 
use were present to one of the iodide, a copious precipitate of the 
wales was invariably obtained. The substance, m. p. 152°, proved 
to be di-iodohexamethyltritelluronium dioxide, 

TeMe,[-O-TeMe,°O-TeMe,I. 
‘ follows, therefore, that the base and the iodide react in two 
liierent ways, the course being determined by the quantity of 
te base present. 
I. TeMe,(OH), + TeMe,I, = Te,Me,I,0 + H,0. 
Il, 2TeMe,(OH), + TeMe,I, = Te,;Me,I,0, -++ 2H,0. 

ln these reactions the base can be replaced by any hydroxide 

rcarbonate. In regard to equation II, it is immaterial how much 
BB2 
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base is present, the reaction does not extend beyond the dioxyiodide, 
and a longer chain has never been obtained. 

Hydrolysis of the Dioxyiodide-—This hydrolysis is similar to 
that of the oxyiodide. When a large excess of water is used the 
base and the iodide are produced, 

TesMe,I,0, + 2H,O = TeMe,I, + 2TeMe,(OH), ; 
when, on the other hand, insufficient hydrolysis occurs, the oxyiodide 
and the base are obtained, 

Te,Me,I,0, + H,O = Te,Me,I,0 + TeMe,(OH),. 

The latter reaction is the most suitable method of preparing the 
crystalline oxyiodide. 

The Possibility of the Existence of an Isomeric Oxyiodide—n 
view of the existence of the two series of isomeric dimethyltel- 
luronium dihaloid salts, it was thought that two isomeric oxyiodides 
might exist, the 8-oxyiodide resulting from the §{-base and the 
B-iodide. Since, however, trimethyltelluronium iodide is formed 
when an alkali carbonate reacts with the $-iodide (T., 1920, 117, 
895) and further investigation has shown that the same compound 
is produced when either the 8-base or sodium hydroxide reacts 
with the 8-iodide, the existence of the 8-oxyiodide is improbable; 
all attempts to prepare it have given negative results. 


EXPERIMENTAL. 
Action of Ammonia upon «-Dimethyltelluronium Di-iodide. 


If dry ammonia is passed over the iodide contained in a weighed 
boat the amount of gas absorbed can be readily estimated. Satur- 
ation will take place in about two and a half hours, the whitejis 
semi-fluid substance then having the composition TeMe,I,,6NH, — 
When dry air is led over this substance, partial dissociation into 
the iodide and ammonia occurs. After forty-eight hours four 
molecules of ammonia will have been removed and the coloured, 
relatively stable substance, TeMe,I,,2NH;, will remain. Even this 
will eventually lose its ammonia, and complete dissociation into the 
iodide and ammonia will have occurred after several days. 


Di-iodohexamethyltritelluronium Dioxide, TeMe,(O-TeMe,!),. 


The dioxyiodide can be prepared by the action of an excess of 
any alkali hydroxide or carbonate or of an aqueous solution of 
ammonia upon the «-iodide. The product, however, is a mixtult 
of the anhydrous (scales) and the hydrated (plates) dioxyiodides 
and since the latter is hydrolysed to the oxyiodide by its om 
water of crystallisation, a pure preparation of the dioxyiodide 
cannot be obtained. 
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The following method gave excellent results. A solution of the 
«base prepared from 24 grams of the «-iodide (T., 1920, 117, 92) 
yas diluted to 150 c.c. and boiled with 6 grams * of the powdered 
viodide. The latter rapidly disappeared and the solution became 
colourless. It was evaporated to about one-third of its bulk (the 
dightest tinge of yellow indicates an excess of iodide) and suddenly 
cooled, and the glistening scales that separated were collected, 
washed with absolute alcohol, and dried over calcium chloride; 
yield 4—6 grams. 

Di-iodohexamethyltritelluronium dioxide crystallises in minute, 
colourless, anhydrous scales, melts and decomposes at 152°, and 
is insoluble in all solvents except water, by which it is extensively 
hydrolysed. The substance becomes bright red by contact with 


“Baids or acid vapour, yields its iodine quantitatively to silver 


nitrate and is converted into the «-base by silver oxide (Found : 
(= 9-46, 9-43; H = 2-48, 2-37; I = 33-29, 33-33; M [by the 
cryoscopic method in water] = 163, 170. C,H,,0,I,Te, requires 
C=949; H = 2-37; I = 33-48 per cent. M = 758). 

The hydrated dioxyiodide, m. p. about 145°, crystallises in 
large, transparent, highly refrangent, hexagonal plates with bevelled 
edges. These are sometimes 1 mm. thick, as much as 10 mm. 
in diameter, and contain 4 molecule of water; this quantity, 
however, does not appear to be absolutely constant (Found : 
I= 33:19; H,O = 1-00. C,H,,0,I,Te,,4H,O requires I = 33-09; 
H,0= 1-17 per cent.). When the plates are dehydrated over 
phosphoric oxide the melting point rises to 152° (m. p. of the 
‘hydrous dioxyiodide). Scales of the anhydrous dioxyiodide 
Separate from a solution of the plates in a minimum quantity of 
‘oncentrated ammonia. 

The plates retain their transparency and remain unaltered so long 
#s they are covered by the liquor from which they were precipitated. 

ten dried in the air, however, they rapidly lose their trans- 
arency, and become yellow and sometimes red, owing to hydrolysis 
iy the water of crystallisation. 


Di-iodotetramethylditelluronium Oxide, O(TeMe,I),. 


The oxyiodide is best prepared by crystallisation of the crude 
Nduct obtained by the hydrolysis of the dioxyiodide. 

Preparation of the Crude Oxyiodide.—(A).—The pure dioxyiodide 
3 grams) was boiled for a few minutes with 30 c.c. of water, the 
‘ar yellow solution cooled, and crystallisation of the viscous, 


: With this quantity the base was present in considerable excess. The 
*t proportion is 2}—4 molecules of the base to 1 molecule of the iodide. 
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yellow precipitate, which took place suddenly with loss of colow, 
promoted by friction. The powder was collected and dried ove 
calcium chloride, and it then melted at about 120°; the yield 
was about 75 per cent. of the weight of the dioxyiodide. 

(B).—Since the hydrolysis of a mixture of the hydrated ani 
anhydrous dioxyiodide necessarily gives the oxyiodide, the following,§ ! 
simpler ammonia process can be used to prepare the dioxyiodide, 
whereby the somewhat lengthy and expensive preparation of the 
a-base is avoided. 

A concentrated solution of ammonia was added slowly to «-di- 
methyltelluronium di-iodide (about 2 ¢.c. to 1 gram), which was 
almost instantly decolorised and caked to a hard, white mass, 
more or less discoloured by metallic tellurium. This was brought 
into solution by grinding and by the careful addition of a few 
drops of water. The clear, colourless, filtered solution, from which 
the excess of ammonia had been removed in a vacuum, deposited 
after a few hours both plates and scales in varying proportions, the 
plates, which were sometimes quite large, generally coming down first. 
The precipitate was filtered and dried and then melted at 140—147° 

These yellow crystals of crude dioxyiodide were treated by 
method (A), the yield of crude oxyiodide being about one-thirl 
of the weight of the iodide taken. 

Preparation of the Pure (Crystallised) Oxyiodide—Each gram off! 
the crude oxyiodide prepared according to (A) or (B) is dissolved 
in 7—8 c.c. of water, and the mixture just brought to the boil! 
The clear yellow solution must be immediately filtered through 4 
really hot funnel and should at once begin to crystallise. A yellow, 
oily film was at times noticed on the surface of the liquid, and its 
crystallisation observed. If the solution is too concentrated, only 
a portion of the oil will crystallise, and the remainder will solidify 
as a bright yellow powder, and a mixture of scales and yellow 
powder will invariably result. Repeated attempts have been 
made to rectify (addition of base, concentration, dilution, ete. 
solutions like the above, but nothing can be done with them, and 
the whole preparation must be started afresh. 

In a successful experiment, the mother liquor becomes perfect 
colourless, and deposits scales of the pure oxide. These are filtered 
washed with alcohol. and dried over calcium chloride. The yield i 
about one-half the weight of the crude oxide used. 

Di-iodotetramethylditelluronium oxide, which melts and decot 
poses at 115°, crystallises in anhydrous, greenish-yellow scales 
sometimes 1 or 2 mm. in diameter. It is quite stable at the ordina : 
temperature and is insoluble in all solvents with the exception ¢ 
water and chloroform, being extensively hydrolysed by the forme 
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glvent. It behaves like the dioxyiodide towards acids, silver 
nitrate, and silver oxide, and exists in another modification, as a 
bright yellow, unstable oil (Found: C = 8-34, 8-07; H = 2-15, 
99; I = 43-30; M [by the cryoscopic method in water] = 143. 
(,H,,01,Te, requires C = 8-20; H= 2-05; I = 43-41 per cent. 


Preparation of the Oxyiodide containing Chloroform of Crystal- 
lisation.—It suffices to dissolve the pure oxide in boiling chloroform 
and allow to crystallise. Since the pure oxide is very difficult to 
A prepare, the following method is more convenient. 

A few grams of the thoroughly dried crude oxyiodide are boiled 

with 50 c.c. of chloroform until the solvent becomes deep golden- 
yellow. The solution is filtered and the extraction process repeated 
with the residue. On the next day the extracts will have deposited 
crystals, which are washed with chloroform, in which they are 
quite insoluble, and dried over calcium chloride. The yield is 
Asomewhat less than the weight of crude oxide taken. The sub- 


stance forms pure golden-yellow, cubic crystals of remarkable 


» fj beauty, which exhibit an extraordinary power of refraction, the 
B bottom of a beaker covered with them producing a kaleidoscopic 
igeiect. The crystals are not stable, and after twenty-four hours 
or so will have become opaque and disintegrated into a yellow 
powder. The substance melts and decomposes at about 116°, and 
is insoluble in all solvents, including chloroform, except on very 
jg prolonged boiling (Found: C=836; H=191; I= 39-29. 
2Te,Me,I,0,CHCl, requires C = 8°37; Il = 1:93; I = 39°39 per 
Bp cent.). 
Action of Alkali Hydroxides upon the «-Iodide. 


"| When the «-iodide, dissolved in alcohol, is titrated with 0°1N- 
*§ dium hydroxide, decolorisation follows on the addition of 1 mol. 

of the alkali to 1 mol. of the iodide (Found : NaOH = 10°87 grams 
per 100 grams of the iodide. Calc., NaOH = 9°73 grams). 

The behaviour is similar towards the alkali carbonates, but in 
this case 2 mols. of the iodide require one of the carbonate (Found : 
NaCO, = 11°5 grams. Calc., Na,CO, = 12°9 grams). 

That the action of alkali hydroxide or carbonate upon the iodide 
Ssimilar to the action of the base or of ammonia is shown when 
the iodide (1 mol.) is boiled with 0°1N-sodium hydroxide (1 mol.) ; 
the usual yellow oil results, with subsequent production of the 

tude oxyiodide (Found : C = 8-41; H = 1°83; I = 43-21 per cent.). 


Since Part I of the present paper was published, several further 
tbservations relative to the dihaloids have been made. These are 
“ow appended. 
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Preparation of the «-Dihaloids.—A simple method of obtaining 
the «-chloride and the «-bromide consists in boiling the «-iodide 
for a few minutes with an excess of nitric acid (one part) and water 
(one part). After cooling, the iodine is decanted or filtered off 
and the solution, which is coloured by iodine, evaporated on the 
water-bath, when it becomes colourless and ultimately deposits 
crystals of the «-nitrate. The excess of acid is driven off, and the 
nitrate dissolved in water and treated with concentrated hydro. 
chloric or hydrobromic acid. One crystallisation of the product 
from ethyl alcohol containing a trace of the corresponding acid 
will give the pure salt. 

Purification of the 8-Dihaloids——A very remarkable distinction 
between the «- and the 8-dihaloids is that the «-series is very soluble 
in chloroform, whereas the §-series is not, and to such an extent 
is this the case that the 8-dihaloids can be precipitated quantitatively 
from solutions by the addition of chloroform. Moreover, the 
precipitates obtained in this way are beautifully crystalline. Both 
a- and $-dihaloids are, however, very soluble in acetone, but do 
not crystallise well from it. 

These properties are especially useful in the case of the 6-iodide, 
where the crystallisation of the crude iodide from methyl alcohol, 
etc., involves considerable loss. 

A solution of the crude B-iodide (T., 1920, 117, 95), a purple powder, 
in a minimum quantity of acetone is filtered (there is little, if any, 
residue) and allowed to cool; by the gradual addition of chloroform 
beautiful, green, iridescent scales of the 8-iodide are deposited in 
nearly quantitative yield. 

The «-dinitrate, TeMe,(NO,),, is prepared by the action of nitric 
acid upon dimethyltelluride or upon the «-iodide. After one 
crystallisation from water the pure white salt melts sharply at 142°. 

The erroneous formula, TeMe,0,HNOs,, ascribed to this nitrate by 
Wohler and Dean (/oc. cit.) has been repeated in the text-books by 
Meyer and Jacobson (“‘ Organische Chemie,” Vol. I, 336 [1907] and 
Beilstein (‘‘ Organische Chemie,’ Vol. I, 292 [1918]). Richter 
(“ Lexikon,”’Vol. I, 148 [1915]) gives TeMe,(NO,),. The constitution 
TeMe,0,2HNO, is also frequently quoted. 

Analysis of the nitrate obtained from methy] telluride and nitric 
acid by Woéhler and Dean’s method is alone sufficient to show that the 
formula TeMe,0,HNO, must be incorrect, because two NO,-groups 
enter the molecule. The analytical results would agree far mort 
closely with the formula TeMe,0,2HNO,, but quite apart from 
analysis this is also out of the question, since it is the formula of 
a 8-derivative, not of an «-derivative. 

Again, since ; «-iodide sae a-nitrate, the constitution of the 
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nitrate must be similar to that of the «-iodide, namely, 4 >Te ca 
3 


(compare T., 1920, 117, 889). 

This is also substantiated by analysis [Found : C = 8°69; H = 
221; N=9°96. TeMe,(NO,), requires C = 8°53; H = 2:13; 
N=9°78 per cent.]. The «-nitrate is somewhat explosive, and is 
difficult to combust. 

The $-Dinitrate, TeMe,(NO,).—From a solution of the 8-base 
in concentrated nitric acid, fibrous, colourless crystals will be 
slowly deposited. These are so soluble in water that they cannot 
be crystallised from it, the solution yielding a solid, glassy mass 
when kept over phosphoric oxide. 

The analysis of the substance showed abnormal results, the 
percentage of carbon being 1°5 too low, and the tendency of the 
methyl groups to wander, noted in the case of the $-dihaloids 
(T., 1920, 117, 891), was again observed here. That these still 
occupy the cis-position is proved by the formation of the 8-iodide 
by the action of hydriodic acid. This in its turn regenerates the 
s-base by treatment with silver oxide. 

Action of Iodine upon the «-Iodide.—Scott (P., 1904, 20, 157) 
has already mentioned the formation of a di-iodide of trimethyl- 
telluronium iodide, TeMe,I,. It has now been observed that from 
a solution of molecular quantities of the «-iodide and iodine in 
ethyl acetate the di-iodide of the «-iodide is deposited in large, 
bluish-black crystals, which are not very stable and give off traces 
ofiodine (Found: I = 75°55. TeMe,I, requires I = 76°33 per cent.). 

As two atoms of iodine can be removed from this compound, 
laving the unaltered «-iodide, the constitution is probably 
(TeMe,I,|I,, and the molecule does not contain sexavalent tellurium. 
The 6-iodide, in contrast to the «-, does not react with iodine. 


This paper is the last of the present series on “ Organic Deriv- 
tives of Tellurium.” There is still much work to be done on this 
subject, and it would be of interest to find out whether other aliphatic 
terivatives, such as diethyltelluronium di-iodide,* also exist in 
two isomeric forms. 


*The usual method (Wéhler, Annalen, 1840, 35, 111; 1852, 84, 79; 
Mallet, ibid., 1851, 79, 223) of preparing diethyltelluronium di-iodide is by 
‘xidation of ethyl] telluride with nitric acid and subsequent action of hydriodic 
«id upon the nitrate. 

It has been found that the substance (yield about 40 per cent.) can be 
vbtained when equivalent quantities of ethyl iodide and tellurium are heated 
tt 100° in a sealed tube for a fortnight. There is no evidence of pressure 
vhen the cold tube is opened. The salt can be extracted with absolute 
ltohol, and from the solution large, reddish-brown crystals, m. p. 57°, are 

B B* 
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The reason that no further investigation is being undertaken js 
entirely due to the intolerable * nature of tellurium and it 
derivatives. 

Summary of Results. 


(1) Six dimethyltelluronium dihaloids, TeMe,X,, exist in tw 
isomeric series, each containing three members. 

(2) This duplication is due to the possibility of the attachment 
of two hydroxyl groups simultaneously to the same tellurium atom, 
with the consequence that two bases, the «-base, dimethyltel. 
uronium dihydroxide, TeMe,(OH),, and the {-base, dimethyl 
telluronium oxide, TeMe,O, can exist. 

These bases and the dihaloid salts derived from them are prob. 
ably instances of cis-trans-isomerism : 


x CH, 


| | 
CH,—Te—CH, CH,—Te—X 
| | 
xX x 
a- or trans-form. B- or cis-form. 
where X = OH or a halogen atom. 
(3) The trans-dihaloids have a normal constitution, as is evident 
from their perfectly normal behaviour. The cis-dihaloids behave 


quite differently, the molecule appearing to be in a state of strain. 
This condition is evidently brought about by the hydroxyl groups 
in the trans- (normal) position becoming distorted during the 
transition from the «- to the 8-base; in other words, two valencies 
which are normally widely separated become forced into coincidence. 

(4) The crystallographic, pharmacological, and chemical behaviour 
of these dihaloids, and their absorption spectra, have been compared. 


The author’s thanks are due to the Committee of Scientific and 
Industrial Research for a grant which was invaluable during that 


obtained (Found: C = 11°13; H = 2°3. C,Hy,ol,Te requires C = 10%; 
H = 2°27 per cent.). 

The base results by the action of silver oxide upon the iodide. The 
aqueous solution has the usual basic properties and gives the corresponding 
haloids by treatment with halogen acids. It appears to deposit tellurium 
on prolonged keeping. 

If this base does not decompose when its solution is evaporated to drynes, 
but gives diethyltelluronium oxide, the existence of two haloid series would 
be highly probable. 

Dibenzyltelluronium di-iodide also can be prepared by the action of benz}! 
iodide upon tellurium at 100° in a sealed tube. It forms dark brown 0 
orange crystals, m. p. 134°. 

* It is indeed remarkable that a substance can permeate the body to the 
extent that tellurium does without producing dangerous efiects. 
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isdificult period of transition from military to civilian life, to Sir 
Wm. Pope (at whose suggestion this work was originally under- 
taken), to Mr. W. H. Mills for his unfailing interest, help, and 
advice, and to Mr. Fred Flack for much assistance with the analyses. 
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LXXIV.—Non-aromatic Diazonium Salts. Part VI. 
3: 5-Dimethylisooxazole-4-diazonium Salts and their 
Azo-derivatives. 

By Gupert T. Morcan and HENrRy BurceEss. 


Irhas become increasingly evident in recent years that the property 
of diazotisability is not confined to the amines of the aromatic 
vries, inasmuch as other primary bases belonging to several hetero- 
cyclic systems have manifested this property in varying degrees. 
The existence of a six-membered ring is certainly not essential to 
diazotisability, because various amines of the five-membered 
triazole, thiazole, pyrazole, and pyrazolone series are capable 
df furnishing diazonium salts. These rings are, however, un- 
sturated, and in all probability this condition is essential to the 
production of true diazonium compounds. Diazotisable amines 
contain the group H,N-C< and have, in addition, other foci of 
unsaturation. In the aromatic series, the residual affinity is 
lwnished by the unsaturated benzenoid group, 


The six latent valencies of the aromatic nucleus may possibly 
‘aturate the residual affinity of the diazonium radicle, which on the 
tusis of quinquevalent nitrogen, also possesses six integral valencies. 

4-Amino-3 : 5-dimethylpyrazole is a diacidic base, but the corre- 
ponding diazonium hydroxide functions as a strong monoacidic 
lase, giving rise to remarkably stable diazonium salts 


_ ,_~CMe.N CMe:N 
HNCSoyewH HONeC<oye.ny 


u Which the salt-forming properties of the imino-group have become 
uerged into those of the diazonium radicle (Morgan and Reilly, 
1, 1914, 105, 435). 


B B* 2 
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The close analogy which exists between the imino-group aj 
oxidic oxygen renders interesting a comparison of the compound 
of the isooxazole series with those of the pyrazole group, and thy 
results obtained by a study of the former series are recorded beloy 

Substitution products of the isooxazole series have not hither) 
been described. 3: 5-Dimethylisooxazole, the condensation produit 
of acetylacetone and hydroxylamine, undergoes nitration in nitric. 
sulphuric acid to yield 4-nitro-3 : 5-dimethylisooxazole, a well. 
defined, crystalline substance to which the following constitutin 
(I) may be ascribed 

CMe:N CMe:N 
NOC oye. HN*C<yre.d) 
(I.) (II.) 

The reduction of this nitro-compound, a matter of some exper: 
mental difficulty, was finally accomplished by the use of amal. 
gamated aluminium and moist ether. 

4-Amino-3 : 5-dimethylisooxazole (I1), a colourless, crystalline, 
mono-acidic base, yields characteristic azomethine condensation 


products (Schiff bases) with the aromatic aldehydes. Its soluble salisf¥in 5 


with the mineral acids are readily diazotisable in aqueous solution. 
The crystalline and sparingly soluble 3 : 5-dimethylisooxazole- 
diazonium aurichloride (III), 
N:CMe 
>(C-N.- ‘ 
}-CMe7 C’N2’AuCh, 
(IIT.) 


has the normal constitution and retains its coupling powers u- 
changed for an indefinite time. The diazonium chloride, which is 
very soluble, decomposes at the ordinary temperature and mor 
rapidly on warming; it is far less stable than the corresponding 
diazonium salt from 4-amino-3 : 5-dimethylpyrazole. 

The foregoing diazonium salts couple readily with @-naphtholin 
alkaline solution, resorcinol in aqueous solution, or with 6-naph 
thylamine dissolved in glacial acetic acid, yielding well-defined, 
coloured, crystalline azo-derivatives, 

N.CMe N-CMe 

de eo >C-N:N‘C,,H,"OH ()«CMe 2 C'N:N CoH, (0H); 
(IV.) (V.) 
N:CM = 
“se al 
6-CMe7 CN > 
i. 
i 
(VI.) 


giving characteristic colorations with concentrated sulphuric acid. 
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EXPERIMENTAL. 


3: 5-Dimethylisooxazole, the starting-point in this research, was 


prepared by a modification of Combes’s method for obtaining the 


monoxime of acetylacetone (Ann. Chim. Phys., 1887, [vi], 12, 
915). In the present instance, however, only 1} molecules of 


it-f hydroxylamine were employed; 45 grams of hydroxylamine sulphate 
Pand 37°9 grams of potassium carbonate were added successively 


to 50 grams of acetylacetone dissolved in 800 c.c. of water, the 
mixture being heated under reflux for about two and a half hours. 
The progress of the condensation was indicated by a gradual fading 
of the ferric chloride coloration. The supernatant oil was removed, 
the aqueous layer extracted with ether, the extract concentrated, 


ifand the oily residue distilled, the distillate collected from 138— 


148° being rectified until a fraction was obtained boiling at 140— 
142°. The yield of isooxazole was 84 per cent. of the calculated 


inamount. This condensation was also effected by heating together 


acetylacetone (8 grams) and hydroxylamine sulphate (8°5 grams) 


Win 20 c.c. of glacial acetic acid for four hours. The acid liquid, 


utions, 


1zole-4- 


diluted with water, was neutralised with potassium hydroxide, 
and the isooxazole was extracted and isolated as in the preceding 
preparation ; the yield by this method was, however, only 60 per cent. 

4-Nitro-3 : 5-dimethylisooxazole (formula 1).—Thirty-two c.c. of 
concentrated sulphuric acid (D 1°84) and 15 grams of 3 : 5-dimethyl- 
iwoxazole were slowly mixed, the temperature being kept below 


BY; 16c.c. of nitric acid (D 1°42) were slowly added, when the brown 


wlution assumed a pale yellowish-green colour, and a further 
i4c.c. of concentrated sulphuric acid were added, all these mixings 
being carried out below 0°. The solution was then left at the 
ordinary temperature overnight and finally warmed on the water- 
bath for one and a half hours, when nitrous fumes were evolved, 
but only in small amount. The solution was again cooled and 
poured on to ice, when the nitro-compound, separating in colourless 
lakes, was washed with ice-cold water, in which it was slightly 
wluble (1 gram in 200 c.c.). This dissolved portion was recovered 
ty extraction with ether, the total yield being 86 per cent. of the 
lculated quantity. 

4-Nitro-3 : 5-dimethylisooxazole crystallised from hot water or 
ikohol in transparent, hexagonal plates melting at 63°5°; it was 
very soluble in ether, benzene, or the alcohols (Found : N = 19°88, 
65. C;H,O,N, requires N = 19°72 per cent.). This _nitro- 
‘mpound was volatile in steam and appreciably volatile at the 
idinary temperature; 0°3 gram left in a sulphuric acid desiccator 
tisappeared completely, probably dissolving in the acid. With 
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alcoholic potassium hydroxide solution a yellow to reddish-brow 
coloration was developed ; the coloured product dissolved in benzene. 
but was insoluble in ether. 

4-Amino-3 : 5-dimethylisooxazole (formula II).—The reduction of 
the foregoing nitro-compound was effected by using amalgamate) 
aluminium and moist ether, a method hitherto employed chiefly 
in reducing aldehydes, ketones, and ethylene linkings. 

About 3 grams of aluminium foil, amalgamated by immersion in 
aqueous mercuric chloride solution, were washed with water, and 
added quickly, while moist, to 7 grams of 4-nitro-3 : 5-dimethylis- 
oxazole dissolved in 100 c.c. of moist ether. A vigorous evolution of 
gas occurred, accompanied by a considerable rise of temperature, so 
that the reduction flask had to be attached to a reflux condenser 
and cooled to prevent the ether boiling away too rapidly. After 
forty-five minutes another 3 grams of amalgamated aluminium 
were added and further additions of the reducing agent were made 
until reduction was complete, this result being indicated when a 
test portion gave no yellow coloration with alcoholic potassium 
hydroxide solution. The large excess of aluminium was used in 
order to complete the reduction within four hours. If a longer 
time elapsed, the product became discoloured. Only a slight 
proportion of water was employed, otherwise a separation of the 
liquid into two layers occurred and this immiscibility also diminished 
the rate of reduction. 

The aluminium hydroxide and excess of aluminium having been 
filtered off, the filtrate and washings were concentrated under slightly 
reduced pressure, coal gas being bubbled through the liquid to 
prevent oxidation. The amine left behind as a pale brown oil 
solidified on cooling (yield = 70 per cent.). 

4-Amino-3 : 5-dimethylisooxazole, after repeated crystallisation 
from equal parts of dry benzene and light petroleum, separated in 
colourless prisms melting at 56—57°; it was very soluble in water, 
ether, benzene, chloroform, or the alcohols, but dissolved only 
sparingly in light petroleum. In contact with moist air, the 
base became brown, but was comparatively stable when dry; 
it was slightly volatile in steam (Found: C = 53-33; H=7°22; 
N = 25:05. C;H,ON, requires C = 53-54; H=7-20; N = 250 
per cent.). 

4-Amino-3 : 5-dimethylisooxazole Hydrochloride, C;H,ON ‘NH,,HO. 
—This salt was made either by adding the calculated quantity o 
concentrated hydrochloric acid to the base and evaporating t 
dryness or by passing hydrogen chloride through a solution of the 
amine in dry ether. It was obtained in colourless, prismatie 
needles by dissolving in absolute alcohol and adding dry ethet 


-brown 
nzene. 


‘ion of 
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(Found: Cl = 24°01. C;H,ON,,HCI requires Cl = 23°86 per cent.). 
The hydrochloride, which was very soluble in water, alcohol, or 
chloroform but insoluble in ether, benzene, or petroleum, became 
brown in contact with moist air or in aqueous solution ; it blackened 
at 142° and decomposed at 212—214°. 

4-Acetylamino-3 : 5-dimethylisooxazole, C;sH,ON-NH-CO-CHs, was 
prepared by mixing equal parts of the base and acetic anhydride. 
After evaporation in a vacuum desiccator, the residue crystallised 
from a large volume of light petroleum in transparent, colourless, 
prismatic needles melting at 108—109° (Found: N = 17°87. 
(,H,,0.N, requires N = 18°18 per cent.). The acetyl derivative 
dissolved very readily in water, alcohol, ether, acetone, or benzene, 
but only sparingly in light petroleum. 

4-Benzoylamino-3 : 5-dimethylisooxazole, C;H,ON-NH-CO-C,H,, 
obtained by the Schotten-Baumann process, crystallised from 
alcohol in rosettes of colourless needles melting at 190—191°; it 
was insoluble in water (Found: N = 12°48. C,,H,,O,N, requires 
N = 12°97 per cent.). 

4-Amino-3 : 5-dimethylisooxazole was condensed with benzalde- 
hyde and its nitro-derivatives to yield the corresponding azomethine 
or Schiff bases. 

General Method.—To 1 gram of the base dissolved in 40 c.c. of 
water was added the calculated amount of the aldehyde, sufficient 
aleohol being added, if necessary, to dissolve this reagent. The 
mixture, after heating under reflux for two hours, was cooled to 
complete the precipitation of the condensation product. 

4-Benzylideneamino-3 : 5-dimethylisooxazole, C,H;-CH:N-C,H,ON, 
separated from a mixture of equal parts of alcohol and water in 
yellowish-white needles melting at 52—53°; it was soluble in benzene 
or ether (Found: N = 14°19. C,,H,,ON, requires N = 14:00 
per cent.). 

4-0-Nitrobenzylideneamino-3 : 5-dimethylisooxazole, 

NO,°C,H,°CH:N-C;H,ON, 
crystallised from alcohol in pale greenish-yellow, prismatic needles 
intermediate in depth of colour between the meta- and para-nitro- 
isomerides; it melted at 124—125°, and was very soluble in benzene 
orhot alcohol (Found : N = 17:06. ©,.H,,0,N, requires N = 17°14 
per cent.). This Schiff base on exposure to air assumed super- 
ficially a reddish-brown tint. 

4-m-Nitrobenzylideneamino-3 : 5-dimethylisooxazole separated from 
alcohol in pale brownish-yellow, prismatic needles melting at 
156—156°5°. It dissolved very readily in benzene, less so in 
ilcohol, and was insoluble in water (Found: N = 16°85. 
(igH,,0,N, requires 17°14 per cent.). 
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4-p-Nitrobenzylideneamino-3 : 5-dimethylisooxazole crystallised from 
alcohol containing a small proportion of benzene in golden. 
yellow, prismatic needles melting at 184—185°. This Schiff base ff 
the most highly coloured of the foregoing series, was very soluble 
in benzene, less so in alcohol (Found: N = 17°22. C,oH,,0,N, 
requires N = 17°14 per cent.). 


3 : 5-Dimethylisooxazole-4-diazonium Salts. 


4-Amino-3 : 5-dimethylisooxazole was found to be diazotisabl 
in hydrochloric, nitric, or sulphuric acid, quite like an aromatic 
primary amine. The diazonium salts with the foregoing mineral 
acids were very soluble in water; they decomposed in solution at 
the ordinary temperature and more rapidly on warming, so that 
they were much less stable than the 3: 5-dimethylpyrazole-4. 
diazonium salts. Unless twice the theoretical amount of mineral 
acid was employed in the diazotisation of 4-amino-3 : 5-dimethyl. 
isooxazole, a brown, pasty solid separated, which was possibly an 
unstable diazoamino-compound, for it coupled with §-naphthol in 
alkaline solution. On the addition of sodium azide to a solution 
of 3: 5-dimethylisooxazole-4-diazonium hydrochloride, a vigorous 
evolution of gas occurred, indicating the presence of a diazonium 
complex. The resulting 4-triazo-3 : 5-dimethylisooxazole was a 
pale yellow oil, which solidified in a mixture of ice and salt. 

3 : 5-Dimethylisooxazole-4-diazonium aurichloride (formula III).— 
Sodium nitrite (0°8 gram) was added to a well-cooled solution of 
1 gram of the aminoisooxazole in 5 c.c. of concentrated hydro- 
chloric acid. The diazo-solution was added to an aqueous solution 
of 5°6 grams of sodium aurichloride (= 2°8 grams AuCl,). A yellow 
precipitate was produced, coagulating to a pasty mass, which 
subsequently solidified; this product, which melted at 107—108", 
was slightly soluble in water, alcohol, or chloroform (Found: 
Au = 42°03; Cl= 30°48; N= 8°56. C;H,ON,AuCl, requires 
Au = 42°58; Cl = 30°62; N = 9-07 per cent.). Like the fore 
going 3 : 5-dimethylisooxazole-4-diazonium salts, this aurichloride 
coupled with an alcoholic solution of -naphthol, yielding orange 
needles of the corresponding azo-§-naphthol; when kept dry it 
retained this property for an indefinite time. When warmed with 
water, evolution of nitrogen occurred and concentrated sulphuric 
acid caused a vigorous effervescence. 

The 3: 5-dimethylisooxazole-4-diazonium salts also coupled 
readily with resorcinol and the naphthylamines. 

3 : 5-Dimethylisooxazole-4-azo-8-naphthol (formula IV).—One gram 
of the aminoisooxazole was dissolved in hydrochloric acid ani 


NON-AROMATIC DIAZONIUM SALTS. PART VI. 


jiazotised as in the preceding preparation, the diazo-solution being 


B,dded to 1:20 grams of 8-naphthol dissolved in NV /2-sodium hydroxide. 
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A yellow precipitate was deposited forthwith, and a further amount 
obtained by salting out. When recrystallised from alcohol or 
glacial acetic acid, this azo-$-naphthol separated in dark orange 
needles melting at 202—203° (yield 86 per cent.); it was very 
sluble in benzene or glacial acetic acid, less so in alcohol, dissolved 
sparingly in aqueous ammonia or sodium hydroxide solution, but 
was insoluble in water (Found : C = 66-90; H = 5-33; N = 15°89. 
(,sH 3025 requires C = 67-38; H = 4-90; N = 15°73 per cent.). 

3 : 5-Dimethylisooxazole-4-azoresorcinol (formula V).—The diazo- 
solution prepared as before was freed from nitrous acid by the 
addition of urea and then added to an aqueous solution of resorcinol 
(l mol.). The bright yellow precipitate, when crystallised from 
alcohol, yielded yellow needles melting at 217°; it was very soluble 
in benzene but insoluble in water (Found: N = 18°18. (C,,H,,0O,N, 
requires N = 18°02 per cent.). Sulphuric acid developed with the 
azo-8-naphthol a deep carmine coloration and with the azoresorcinol 
an intense yellow tint. 

3: 5-Dimethylisooxazole-4-azo-8-naphthylamine (formula VI).— 
The diazo-solution from 4-amino-3 : 5-dimethylisooxazole hydro- 
chloride, freed from excess of nitrous acid by urea, was added to 
¢naphthylamine (1 mol.) dissolved in 6 parts of glacial acetic 
aid. A voluminous, bright yellow precipitate was formed im- 
uediately, which on repeated crystallisation from alcohol was 
obtained in the form of brownish-red needles melting at 179—180° 
(Found: N = 21°10. C,;H,,ON, requires N = 21°05 per cent.). 

The diazo-solution, when added to «-naphthylamine dissolved 
in glacial acetic acid, gave a red precipitate melting at 159°. This 
product developed with concentrated sulphuric acid an intense 
sarlet coloration, whereas the foregoing azo-$-naphthylamine 
dissolved in the acid to an intense orange sclution. 


The authors desire to express their thanks to the Advisory 
Council of the Department of Scientific and Industrial Research 
for grants which have partly defrayed the expenses of this in- 
vestigation. 
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LXXV.—Researches on Co-ordination and Residuj 
Affinity. Part IV. The Constitution of Simp 


and Complex Cobaltic Quinoneoxime Lakes, 


By Gitpert T. Morean and J. D. Matn Smrrn. 


THE metallic lakes of the orthoquinoneoximes form a group ¢ 
mordant dyes which are of considerable interest from the viey. 
point of the co-ordination theory of valency and chemical consti. 
tution. Compared with other technically important, adjective 
colouring matters these quinoneoxime lakes are of comparatively 
simple composition and are accordingly the more amenable to 
quantitative experiments. 

1 : 2-Naphthaquinone-l-oxime (1-nitroso-8-naphthol), known to 
dyers as “‘Gambine Y,” is generally applied to textiles in con. 
junction with iron or chromium mordants. It also gives rise to 
a very stable, insoluble cobaltic derivative employed in analysis 
as a means of separating cobalt from nickel and other metak. 
According to Werner’s theory, this cobaltic lake is represented 
as a co-ordinated complex in which the metallic atom is implicated 
in a heterocyclic ring by both its principal and supplementary 
valencies. This state of combination is represented conventionally 
by formula II, in which each quinoneoxime radicle, although 
univalent as regards principal valency, functions nevertheless as a 
chelate group contributing two associating units to the co-ordination 


sphere. 
"4 > 
NO—}= a sv | 
O , _ 
J3 
(I.) 

By the experiments described below direct evidence has been 
obtained in support of the view that each chelate quinoneoxime 
radicle is the equivalent of two molecules of ammonia situated in 
the co-ordination complex of a cobaltammine such as [Co,6NH,](, 
When sodium 1: 2-naphthaquinone-l-oximate and this hexam- 
minocobaltic chloride interact at the ordinary temperature the 
sparingly soluble, dark green hexamminocobaltic 1 : 2-naphiha- 
quinone-l-oximate (I) is precipitated. This substance, which I 
readily. decomposed in the cold by aqueous alkalis regenerating 
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the alkali quinoneoximate, has the properties of an unstable cobaltic 
alt, When, however, this hexamminocobaltic derivative is gently 
varmed at 40°, it loses completely all the ammonia of the co- 
ordination complex and passes quantitatively into the stable 
baltic lake (II), from which the cobalt is no longer separable 
by such analytical reagents as the caustic or carbonated alkalis 
or ammonia. In this process three chelate groups have entered 
the co-ordination sphere in replacement of the six ammonia mole- 
cules. The resulting cobaltic lake no longer possesses any capacity 
for combining with ammonia, and hence it may be inferred that 
the ketonic limb of the chelate radicle, as well as the isonitroso- 
group, is in direct association with the central cobalt atom. 

A similar result is obtained by treating sodium | : 2-naphtha- 
quinone-l-oximate with (purpureo-) pentamminocobaltic chloride, 
hut with this difference, that the pentamminocobaltic salt of the 
quinoneoxime is unstable even at the ordinary temperature and 
evolves ammonia, passing forthwith completely into the cobaltic 
lake. These ammoniated cobaltic intermediate products are 
rmarkably unlike hexa-amminocobaltic chloride, which begins to 
dissociate only at or above 173° (Clark, Quick, and Harkins, 
J. Amer. Chem. Soc., 1920, 42, 2483). 

This complete saturation of the chemical affinity of the cobalt 
atom by three chelate quinoneoxime complexes is also demon- 
strated conclusively in the following direct manner, by selecting 
substituted quinoneoximes containing other salt-forming groups 
besides the quinoneoxime radicle. 7-Hydroxy-1 : 2-naphtha- 
quinone-l-oxime, HO-C,)H;O:NOH, known also as_1-nitroso- 
2:7-dihydroxynaphthalene and “Gambine H,” yields a simple 


cobaltic lake, 'HO-C oH <NO Co |, by reaction with a cobalt 
\ 10°'5 SO. Js 


salt and air, but when it is subjected to the combined action of 
cobalt chloride, ammonia and hydrogen peroxide a greenish-black 
complex cobaltic lake (III) * is precipitated containing two cobalt 
atoms and five molecules of ammonia. 


; NO 
(NH,),Co —y 


(III.) 


1: 2-Naphthaquinone-1-oxime-3-carboxylic acid  (1-nitroso-2- 
tydroxy-3-naphthoic acid), CO,H-C,,H,O:NOH, furnishes a simple 


baltic lake, | {COs <5} co |, when 2-hydroxy-3- 


* See footnote following page. 
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naphthoic acid is acted on by nitrous acid in the presence of , 
cobalt salt, but when this lake is subjected to joint action o 
ammonia, hydrogen peroxide, and a cobalt salt a complex lake 
(IV) * is precipitated containing two cobalt atoms and five molecule 
of ammonia. 

The nitroso-derivative of «-naphthol-4-sulphonic acid (1:2. 
naphthaquinone-2-oxime-4-sulphonic acid), SO,;H*C,)>H;O:NOK, js 
used in conjunction with iron mordants as “ Naphthol Green G” 


(B.D.C.). Its simple cobaltic lake, {SOsH-CyHs <x} Co 


gives rise to a complex lake (V) * containing two cobalt atoms and 
five molecules of ammonia. 


| 4 On 
| es. ASO 


3/5 
(V.) (VI.) 


6-Acetylamino-z-naphthol-3-sulphonic acid (acetyl J acid) gives 
rise to a nitroso(quinoneoxime) compound which furnishes either 
a simple or complex (VI) cobaltic lake. As in the preceding 
example, the complex lake contains two cobalt atoms and five 
molecular proportions of ammonia. 

8-Acetylamino-«-naphthol-3 : 6-disulphonic acid (acetyl H acid) 
gives rise to a very soluble nitroso(quinoneoxime) derivative, 
which by the simultaneous action of cobaltous chloride, ammonia, 
and hydrogen peroxide furnishes a complex cobaltic lake (VII) 
containing three cobalt atoms and ten molecules of ammonia. 


P 
CH;*CO+NH O 


4 
‘wee rT ( Ni 


L 


(VIL.) 


8-Hydroxy-1 : 2-naphthaquinone-2-oxime-3 : 6-disulphonic _ acid 
(VIII), from 1: 8-dihydroxynaphthalene-3 : 6-disulphonic acid 


* In the graphic formule for the complex lakes (III, IV, V, VI, VIL, xX, 
XI, and XII) it should be understood that one acidic (oxy, CO,, or 80,) 
group out of three is implicated in the pentamminocobaltic co-ordination 
sphere, giving a co-ordination number of six. This relationship is repre 
sented conventionally by carrying one linking out of three into the © 
ordination sphere. 
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(chromotrope acid), leads, according to the experimental con- 
ditions, to one simple (IX) and one or other of three complex 
lakes. The less complex lakes (X and XI) contain three cobalt 
atoms and ten ammonia molecules, whereas the other more com- 
plex lake (XII) contains four cobalt atoms and fifteen ammonia 


molecules. 


nol NO 
= (on) lon,ce COs 


CxXID 


In this increasingly complex series of cobaltic lakes it will be 
noticed that there is a constant ratio between the number n of 
cobalt atoms and the number m of ammonia molecules indicated 
by the equation, m = 5(n — 1). This simple relationship demon- 
strates conclusively that in each of these complex lakes there is 
one cobalt atom which is not capable of co-ordinating with ammonia. 
Since the ratio of ammonia to the other cobalt atoms remains 
unchanged whether these cobaltic radicles replace the acidic hydro- 
gen atoms of hydroxyl, carboxyl, or sulphonyl groups, it is evident 
that in these three states of combination the cobalt is still capable 
of co-ordinating with five molecules of ammonia. It may there- 
fore be inferred that the cobalt atom in combination with the 
nitroso-group is the one which is completely saturated both as 
to principal valency and residual affinity (supplementary valency). 
In the compounds containing tervalent cobalt this condition is 
reached only when each cobalt atom is co-ordinated with six 
associated units, as in [Co,6NH,]Cl,, K[Co(NO,),], K3[Co(CN),¢] and 
many other substances of this series. Hence each quinoneoxime 
chelate group is the equivalent of two associating units and the 
cyclic constitution assigned to these lakes by Werner is thus 
confirmed by direct experiment. 
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EXPERIMENTAL. 


Hexamminocobaltic 1 : 2-Naphthaquinone-|-oximale (Hexam- 
minocobaltic 1-N itroso-8-naphthoxide, Formula I). 


Nitroso-8-naphthol (1°038 grams), dissolved in 6 c.c. of N-sodium 
hydroxide (3 mols.) and 10 c.c. of water, was treated in the cold 
with 0°535 gram of hexamminocobaltic chloride (luteocobaltic 
chloride), [Co,6NH,]Cl,, in 10 c.c. of water, when a dark sage-green, 
crystalline precipitate was obtained, leaving the solution almost 
colourless (Found : after drying in a vacuum desiccator, Co = 8°46; 
NH, = 14°56. (C,)9H,O,N),[Co,6NH,] requires Co = 8°71; NH, = 
15°07 per cent.). When warmed in water to about 40—50° this 
green ammoniocobaltic salt evolved 98°7 per cent. of the calculated 
amount of ammonia and turned quantitatively into red cobaltic 
1 : 2-naphthaquinone-l-oximate. The bronzy green luteo-salt dis. 
solved in aqueous solutions of ammonium and sodium hydroxides 
or the alkali carbonates to a greenish-yellow solution, from which, 
on boiling, cobaltic 1 : 2-naphthaquinone-1l-oximate separated as a 
red precipitate. 

When sodium nitroso-8-naphthoxide (1°28 grams) was treated 
with 0°50 gram of chloropentamminocobaltic dichloride (purpureo- 
cobaltic chloride), [CoCl(5NH,)|Cl,, in 70 c.c. of water, ammonia 
was evolved forthwith even in the cold and 99 per cent. of this 
gas was eliminated while the solution was being raised to the boiling 
point. The yield of cobaltic nitroso-$-naphthoxide was 99°5 per 
cent. of the calculated amount. 

1-Cobaltic 7 -hydroxy-1 : 2-naphthaquinone -1-oximate.—2 : 7 -Di- 
hydroxynaphthalene (2°88 grams) was added to 0°35 gram of 
cobalt chloride and 1°66 grams of sodium nitrite in 18 c.c. of water, 
the formation of a dark brown precipitate being accelerated by 
the addition of 6 c.c. of 2N-hydrochloric acid. The mixture 
heated at 100° evolved nitric oxide; the precipitate (yield 88% 
per cent.), washed successively with water and ether, was dried 
over sulphuric acid (Found: Co = 8°55; N = 622; H,O = 826. 
Co(C,9H,O0,N)3,3H,O0 requires Co = 8°71; N = 620; H,O =7% 
per cent.). The water is only eliminated at 150° in a vacuum. 

The purple-brown lake with green reflex was sparingly soluble 
in water, and readily so in aqueous alcohol or acetone to intense 
orange-red solutions; it dissolved in alkalis to an olive-black 
solution, becoming reddish-orange on acidifying. Concentrated 
sulphuric acid developed an olive coloration, becoming red 00 
dilution. 
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7-Pentammino-1 : 7-dicobaltic 7-Oxy-1 : 2-naphthaquinone-1-oximate 
(Formula III). 


7-Hydroxy-1 : 2-naphthaquinone-l-oxime (3°10 grams) dissolved 
in excess of ammonia was treated with cobalt chloride (0°3 gram of 
(o) and 10 c.c. of 20 volume hydrogen peroxide. The liquid changed 
from purple to greenish-black and evolved oxygen; it was heated for 
fifteen minutes on the water-bath and cooled. The black precipitate 
was collected, washed with water and ether, and dried in a soda-lime 
desiccator (yield 74 per cent.) (Found : Co= 14°31; NH, = 10°40. 
[Co(Cy»H;O5N),j[(Co(NH,);]3H,O requires Co = 14°42; NH, = 10°39 
per cent.). 

The black dicobaltic lake dissolved in aqueous sodium hydroxide 
or concentrated sulphuric acid to an olive-green solution. 

1-Cobaltic 1:2-Naphthaquinone-1-oximate-3-carboxylic Acid.— 
Sodium cobaltinitrite solution (380 c.c.) containing 0°74 gram of 
cobalt was added to §-naphthol-3-carboxylic acid (7°05 grams) 
dissolved in 200 c.c. of boiling absolute alcohol. After heating 
under reflux for six hours, 10 ¢.c. of concentrated hyd:ochloric 
acid were added and the dark purple precipitate was collected 
and dried at 100° (yield: 75 per cent.) (ound: Co = 8:20; N = 6°04. 
Uo(C,,H,O,N), requires Co = 8°35; N = 5°94 per cent.). 

The purplish-red lake was insoluble in water and sparingly 
soluble in acetone or alcohol to an orange solution; it readily 
dissolved in alkalis with intense reddish-yellow colour and was 
reprecipitated unchanged on acidifying. It dissolved in hot 
glacial acetic acid to a deep red solution and was deposited there- 
from as a bright red powder on cooling. Concentrated sulphuric 
acid developed a reddish-brown colour, becoming yellow on dilution. 


3-Pentammino-1 : 3-dicobaltic 1 : 2-Naphthaquinone-1-oximaie- 
3-carboxylate (Formula LV). 


1; 2-Naphthaquinone-l-oxime-3-carboxylic acid (1°30 grams = 
3 mols.) was dissolved in 2 c.c. of 5N-ammonia (5 mols.) and 2 c.c. 
of aqueous cobalt chloride solution; the intensely red solution was 
warmed with hydrogen peroxide until oxygen was freely evolved. 
The addition of cobalt chloride, ammonia, and hydrogen peroxide 
was repeated and the mixture again warmed. ‘The brown precipitate 
was collected after twelve hours, washed with ammonia and water, 
and dried in a soda-lime desiccator (yield 60 per cent.) (Found : 
Uo = 13°67; NH, = 9°93; N* = 12:0. [Co(C,,H,O,N)s3|/Co(NHs)5] 
requires Co = 13°91; NH, = 10°02; N = 13:21 per cent.). 

* The low nitrogen in this estimation was due undoubtedly to the fact 
that the compound evolved ammonia even in the cold. 
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The bright reddish-brown dicobaltic lake was slightly soluble 
in water to an orange solution, sparingly soluble in cold 5N-sodiun 
hydroxide solution, but on heating it dissolved readily with evolu. 
tion of ammonia to a greenish-yellow solution, becoming red on 
acidifying; it was soluble in aqueous alcohol, acetone, pyridine, 
concentrated sulphuric acid, or glacial acetic acid to intense red 
solutions, turning yellow with alkalis. 

2-Cobaltic 1 :2- Naphthaquinone-2-oximate-4-sulphonic Acid.—Owing 
to the extreme solubility of the cobaltic lake of 1 : 2-naphtha. 
quinone-2-oxime-4-sulphonic acid, this compound was isolated in 
the form of its 6-naphthylamine salt (compare Ambler, J. Ind. 
Eng. Chem., 1920, 12, 1081). 

Sixty c.c. of 2N-sodium nitrite were added to a filtered solution 
of 25 grams of sodium «-naphthol-4-sulphonate (Nevile and Winther 
salt, 90 per cent.) in 200 c.c. of water; cobalt chloride (1°8 grams 
of Co) and 30 c.c. of 5N-hydrochloric acid were introduced succes. 
sively, when the brown solution changed to blood red and evolved 
nitrous fumes. The solution, after being heated to boiling, was 
treated with $-naphthylamine, stirred vigorously for half an hour, 
cooled on ice, and the sparingly soluble precipitate dried in the air, 
extracted with ether, and dried again in an exhausted desiccator 
(yield 96 per cent.) (Found: Co=491; N = 667; S=T9l. 


Co(Cy9H,,0;N,8), requires Co = 4°74; N=675; S = 7°72 per 
cent.). 

The §-naphthylamine salt was a crystalline, bright red lake 
sparingly soluble in cold water or hydrochloric acid, dissolving 
readily in aqueous alkalis or concentrated sulphuric acid to deep 
red solutions. 


4-Pentammino-2 : 4-dicobaltic 1 : 2-Naphthaquinone-2-oximate- 
4-sulphonate (Formula V). 


The solution of the cobaltic compound of 1 : 2-naphthaquinone- 
2-oxime-4-sulphonic acid obtained as in the preceding preparation 
was neutralised with 18 c.c. of 5N-ammonia, and then treated with 
30 c.c. of 2N-cobalt chloride, 24 c.c. of 5N-ammonia, and 20 c-. 
of 20 volume hydrogen peroxide. The liquid, now containing 4 
purple precipitate, was warmed with a slight excess of ammonia, 
then cooled to complete the deposition of the complex lake, which 
after washing and drying in a soda-lime desiccator had the appeat- 
ance of a crystalline, reddish-purple powder (yield 84 per cent.) 
(Found: Co = 12°40; NH, = 9°02; N = 11°64; S = 9°60. 

* [Co(CjpH50;NS)g][Co(NH3)5] 
requires Co = 12°34; NH, = 8°89; N = 11°72; S = 10°04 per cent.). 
The dicobaltic lake was soluble in water, aqueous alcohol, of 
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yetone to red solutions; boiling with alkalis turned the liquid 

yellow with evolution of ammonia. Concentrated sulphuric acid 

developed a blood-red coloration unchanged on dilution. 
2-Cobaltic 6- Acetylamino-1 : 2- abi en gainers 


+7} C0 | .—This soluble cobaltic 


: — ‘CO-NH 


lake a also teslated as its sparingly soluble §-naphthylamine 
alt, Cobalt carbonate (2 grams) and 8°05 grams of sodium nitrite 
yere dissolved in 60 c.c. of water and treated slowly with 4°0 grams 
of glacial acetic acid, the mixture being warmed at 40° until nitrous 
fumes were no longer evolved; 14°05 grams of 6-acetylamino- 
rnaphthol-3-sulphonic acid (acetyl J acid) were introduced and 
the mixture heated under reflux until the evolution of nitrous 
fumes again ceased. The intensely blood-red liquid, on cooling, 
xt to a stiff paste, to which 12 c.c. of ice-cold 10N-hydrochloric 
aid were added. After twelve hours, the dark red paste was 
wlleeted and dried on porous plate and afterwards at 100°. This 
wbaltic compound developed an intense orange-red coloration . 
vith concentrated sulphuric acid and a deep reddish-brown with 
ikalis; it was insoluble in organic solvents, but dissolved in wet 
wetone or in aqueous alcohol to a deep red solution. 

Equal weights of @-naphthylamine (3 grams) and the cobaltic 
compound were mixed in 50 c.c. of boiling water, and the dark 
rd precipitate, washed successively with water and ether, was 
dbtained as a reddish-purple powder with bronzy reflex (Found: 
=405; N=906; S=691. Co(C.H,,0,N,S), requires 
fo=417; N= 8-90; S = 6°78 per cent.). 

This 8-naphthylamine salt was sparingly soluble in hot water 
and dissolved in cold aqueous sodium hydroxide to a deep red 
wlution, which evolved ammonia on boiling and developed an 
intensely red coloration. The solution in concentrated sulphuric 
wid was olive-black, becoming successively purple and red on 
dilution, 

The cobaltic nitrosoacetyl J acid, when refluxed for six hours 
vith 2N-sodium hydroxide, became hydrolysed, losing its acetyl 
goup. The product precipitated on addition of 10N-hydrochloric 
wid was a dark brownish-grey powder, soluble in water to a pink 
vlution and in alkalis with a brown colour. It was insoluble in 
tganic solvents. This cobaltic nitroso J acid, 

Co| — “NOS CoH (NH,) 80,H | , 
vas readily diazotised. The diazo-compound gave with $-naphthol 
orange dye (on wool), with J acid a bluish-violet dye (on cotton), 
ind with acetyl J acid a brick-red dye (on wool). The cobaltic 
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nitroso J acid yielded benzoyl and p-toluenesulphonyl derivatiys 
on treatment with benzoyl chloride and sodium hydroxide 
p-toluene-sulphony] chloride and sodium acetate respectively, 
The cobaltic lake of nitrosoacetyl J acid, when boiled with 
5N-sodium hydroxide, lost the entire acetylamino-group (Found: 
NH, = 3°85. Co(C..H,,0,N,8), requires NH, = 3°60 per cent, 


3-Pentammino-2 : 3-dicobaltic 6-Acetylamino-1 : 2-naphtha- 
quinone-2-oximate-3-sulphonate (Formula VI). 


The solution of the simple cobaltic compound of 6-acetylamino. 
1 ; 2-naphthaquinone-2-oxime-3-sulphonic acid (nitrosoacetyl J 
acid), prepared as in the preceding experiment, was neutralised 
with 16°7 c.c. of 5N-ammonia, treated with 10 c.c. of 2N-cobal 
chloride, 13°3 c.c. of 5N-ammonia, and 17 c.c. of 20 volume hydrogen 
peroxide, and warmed at 50°, when the colour deepened con. 
siderably and a reddish-purple precipitate separated. This product 
was treated as in the case of the complex lake from Nevile and 
Winther acid (yield 64 per cent.) (Found : Co = 9°80; NH, = 11-27; 
N = 13:20; S=7:97; H,O = 5°92. 

[Co(C,,H,O,N,S).][Co(NH;);]4H,O 
requires Co = 9°84; NH, = 11°35; N = 12°85; S = 8-01; H,0= 
6°01 per cent.). 

This complex dicobaltic lake was only slightly soluble in water; 
it dissolved in cold caustic alkali to a deep red solution, becoming 
blood red and evolving ammonia on boiling. Concentrated sulphuric 
acid developed an intense brown coloration, becoming orange on 
dilution. 


3 : 6-Dipenlammino-2 : 3 : 6-tricoballic 8-Acetylamino-1 : 2- 
naphthaquinone-2-oximate-3 : 6-disulphonate (Formula VII). 


A few c.c. of 20 volume hydrogen peroxide were added to an 
aqueous solution (50 c.c.) of 12°2 grams of sodium 8-acetylamino- 
a-naphthol-3 : 6-disulphonate (acetyl H salt), 10 c.c. of 2N-cobalt 
chloride, 15 c.c. of 2N-sodium nitrite, and 35 c.c. of 2N-hydrochloric 
acid. The dark red solution was heated for fifteen minutes on the 
water-bath to complete the formation of the simple cobaltic com- 
pound. After cooling, 20 c.c. of 2N-cobalt chloride solution and 
a few c.c. of 20 volume hydrogen peroxide were added and the 
liquid rendered strongly alkaline with 18N-ammonia. After 
twelve hours in the ice-chest a brown precipitate was collected 
and treated as in the foregoing cases of complex cobaltic lake 
(yield 60 per cent.) (Found: Co = 11°27; NH, (pentammine) = 
11:80; NH, (total) = 13°53; N = 14°74; S = 11°50; H,O = 24. 
[Co(C,,.H,O,N.S,),][Co(NH,);].,2H,O; requires Co = 11°46; NH, 
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(pentammine) 11°01; NH; (total) = 14°31; N = 14°51; S = 12°43; 
H,0 = 2°33 per cent.). 

The total ammonia includes in addition to pentammine ammonia 
that derived from the nitrogen of the acetylamino-group. 

The reddish-brown alkaline solution of the tricobaltic lake after 
hydrolysis became intensely bluish-purple and probably contained 
sodium 2-cobaltic 8-hydroxy-1 : 2-naphthaquinone-2-oximate-3 : 6- 
disulphonate (Formula IX). The solutions of the tricobaltic lake 
in aqueous mineral acids were reddish-violet, whereas concentrated 
sulphuric acid gave a blood-red coloration, becoming crimson on 


dilution. 


8-Hydroxy-1 : 2-naphthaquinone-2-oxime-3 : 6-disulphonic Acid 
(Formula VITI). 


3-Naphthylamine Salt.—The calculated amount of 8-naphthylamine 
was added to an acid solution of this soluble quinoneoxime (nitroso) 
derivative of 1: 8-dihydroxynaphthalene-3 : 6-disulphonic acid 
(chromotrope acid), when the sparingly soluble salt was obtained 
as a reddish-purple precipitate (Found: N = 6°56; S = 7°76; 
H,0 = 2°45. Cy gH,,0,N,8,,H,O requires N = 7:04; S = 8°04; 
H,0 = 2°26 per cent.). 


2-Cobaltic 8-Hydroxy-1 : 2-naphthaquinone-2-oximate-3 : 6-disulphonic 
Acid (Formula IX). 


8-Naphthylamine Salt——Sodium 1 : 8-dihydroxynaphthalene-3 : 6- 
disulphonate (5°9 grams of 80 per cent. acid salt), dissolved in 25 c.c. 
of water, was added to a solution of 4 c.c. of 2N-cobalt chloride and 
8c.c. of 2N-sodium nitrite; the brown mixture, after being acidified 
with 10 ¢.c. of 2N-hydrochloric acid, became red and evolved 
nitrous fumes. After the mixture had been stirred for thirty 
minutes and then warmed to 60°, the excess of nitrous acid was 
decomposed by the addition of 2 grams of urea and 3°4 grams of 
s-naphthylamine were introduced to the boiling solution. The salt 
(molecular weight 2015), which separated on cooling, was purified 
by washing successively with water and ether as in a former 
example (page 711) (Yield 58 per cent.) (Found: Co = 3°50; 
N=626; S=9:14; H,O=2°94. [Co(Cg9H,,0,N,S.)3]3H.O requires 
Vo = 2°93; N = 6:25; S = 9°53; H,O = 2°68 per cent.). 


8-Ammonium 3 : 6-Dipentammino-2 : 3 : 6-tricobaltic 8-Oxy-1 : 2- 
naphthaquinone-2-oximate-3 : 6-disulphonate (Formula X). 


With the quantities indicated in the preceding experiment the 
blood-red, acid solution of 8-hydroxy-1 : 2-naphthaquinone-2- 
oxime-3 : 6-disulphonic acid, when rendered ammoniacal with 
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7°5 ¢.c. of 5N-ammonia, underwent a striking colour change t) 
bluish-violet. 

A solution consisting of 8 c.c. of 2N-cobalt chloride, 6°6 c.c, of 
5N-ammonia, and 5 c.c. of 20 volume hydrogen peroxide was added 
to the foregoing solution, when a gelatinous indigo-blue precipitate 
was produced forthwith. The mixture was warmed with a slight 
excess of ammonia and then cooled to 0° and the dark blue pre. 
cipitate was collected and treated as in former cases of complex 
lakes (yield 48 per cent.) (Found: Co = 1192; NH, = 147%; 
N = 14°82; S = 13:00; H,O = 5°49. 

[NH,],[Co(C,9>H,O,NS,)3 ][(Co(N H);],,5H,O 
requires Co= 1160; NH, = 1448; N=1468; S = 12%. 
H,O = 5:90 per cent.). 

This tricobaltic lake, a dark blue powder, was slightly soluble 
in boiling water to a pure blue solution, becoming red with acids: 
it dissolved in aqueous caustic alkalis to a deep blue solution, 
evolving ammonia in the cold. On warming, more ammonia was 
evolved and the liquid became a darker blue. Similar colour 
changes have been noted with acid and alkaline solutions of cobalt 
salts and nitrosochromotrope acid (Brenner, Helv. Chim. Acta, 
1920, 3, 90). 


3 : 6-Dipentammino-2 : 3 : 6-tricobaltic 8-Hydroxy-1 : 2-naphtha- 
quinone-2-oximate-3 : 6-disulphonate (Formula X1). 


The foregoing ammonium compound was triturated with N/10- 
hydrochloric acid in excess; the deep blue colour changed to dark 
red, the sparingly soluble 8-hydroxy-derivative was collected, 
washed, and dried over sulphuric acid (Found: Co = 1237; 
NH, = 11°89. [Co(C,9H,O,NS,),)[Co(NH3);],,.5H,O requires Co = 
12°00; NH, = 11°53 per cent.). 

This purplish-red lake was extremely sensitive to ammonia, 
which changed the colour to blue by producing the foregoing 
ammonium salt. 


3:6: 8-T'ripentammino-2 : 3 : 6 : 8-tetracobaltic 8-Oay-1 : 2- 
naphthaquinone-2-oximate-3 : 6-disulphonate (Formula XII). 


Sodium 1 : 8-dihydroxynaphthalene-3 : 6-disulphonate (7°3 grams 
of acid sodium salt, 80 per cent.) was added to a solution con- 
sisting of 20 c.c. of 2N-cobalt chloride and 15 c.c. of 5N-ammonia, 
when an intensely purple liquid was obtained, which changed 
rapidly to intensely reddish-brown by aerial oxidation. Fifteen c.c. 
of 2N-sodium nitrite and 10 c.c. of 2N-cobalt chloride were added 
and the mixture cooled and acidified with glacial acetic acid, when 
the liquid assumed a deep reddish-purple colour and set slowly 
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io a stiff purplish-black paste. A large excess of ammonia was 
aided, the mixture stirred for thirty minutes, and the precipitate 
wllected and dried as in foregoing cases (yield 90 per cent.) (Found : 
(o = 14:90; NH, = 16:12; N = 15°47; S = 10°82; H,O = 5°78. 
((o(CypH30gNS,),[Co(NH3);];,.5H,0 requires Co = 14°60; NH; = 
578; N= 15°59; S = 11°88; H,O = 5°57 per cent.). 

This complex tetracobaltic lake, a bluish-black, crystalline 

wder, was almost insoluble in water or organic solvents, and was 
insoluble in cold aqueous caustic alkalis, but on warming it dissolved 
toa dark purple solution, evolving ammonia. 

Concentrated sulphuric acid with the two preceding lakes de- 
veloped a violet coloration, becoming red on dilution, but with the 
tetracobaltic lake the colour was dark reddish-brown, becoming 
purplish-brown on dilution. 


APPENDIX. 


1. The dyeings produced with simple and complex metallic lakes 
of three of the naphthaquinoneoximes are tabulated in the first of 
the following tables. 

2. The second table contains a list of colour reactions developed 
by means of sodium cobaltinitrite and the naphthols and the ten 
dihydroxynaphthalenes. These colorations, which are due to the 
formation of cobaltic naphthaquinoneoximates, are more distinctive 
than those produced with ferric chloride. 


Adjective Dyeings with Quinoneoxime (Nitrosonaphthol) Dyes. 


Metallic Fastness to 
Name. components Colour of lakes Light (L) and 
of lakes. on wool. Scouring (S). 


f Aluminium Dark salmon to Fast to 8, and 
1: 2-Naphtha- | 

| quinone-1- Cobalt . 

E weeny poe | ater 


pe Calcium 
oxylic acid. Sect | 


red. fairly fast to L. 
| Light atl 
| fawn to 
brownish- | 

orange. 
‘Scnmamnal Dark sage to Fast to S and L. 
Tron, olive-green. 

and ee Yellow to dark Less fast to S. 

green. 
Aluminium and Light fawn to Fast toS, but not 
Aluminium. brown. to L. 

Vanadic and _s,, Dark brown. Fast to 8. 
4 Vanadyl and _,, Sage green. Fast to S. 
| 1: 2-Naphtha- 


quinone-2- | Cobalt. Light plum red. Not fast to S. 


- Less fast to S. 


| exime-4-sulph- | » and Alumin- Dark plum red. Not fast to 8, but 


‘onic acid. ium. fairly fast to L. 


| 1-Hydroxy- | 
| 1: 2-naphtha- 
quinone-1- 


- Cobalt. Light to dark Not fast to 8, but 
oxime, J 


rown. fairly fast to L. 
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Colour Reactions of the NAPHTHOLS and DinypRoxy- 
NAPHTHALENES with Sodium Cobaltinitriie. 


0°05 gram of compound, 
1 c.c. Mol/15 solution of Reaction after Reaction after 
Na,Co(NO,)., making alkaline acidifying with 
l c.c. of 2N-aceticacid, with 2 c.c. of 3c.c. of 2N-aceti: 
2 c.c. of water. 2N-NaOH. acid. 
Reaction on boiling. 
Naphthol 

a- Dark purple ppt. Dark purple ppt. in Ppt. unchanged, 
green liquid, be- liquid _ becon. 
coming deep ing yellow. 
yellow on boiling. 

B- Dark purple ppt. Dark purple ppt.in Ppt. unchanged, 
faintly yellow liquid _ becon. 
liquid, becoming ing olive-green, 
green on boiling. 

Dihydroxy- 
naphthalene ‘ 
i:3 Orange coloration and Transient purple Gelatinous pw. 
slight brown ppt. changing to in- plish-brown 
tense green color- ppt. 
ation. 
Reddish-purple ppt. Intense anatto yellow Gelatinous dl. 
coloration. lowish-brown 


ppt. 
Very slight light brown Dark purplish- Gelatinous bright 
ppt. in yellow liquid. brown coloration. red dish-viole 
ppt. on stand- 

ing. 

Dark purple ppt. Intense dark brown- Gelatinous _ pur. 
ish-yellow color- plish-brown 
ation. ppt. 

Purplish-brown ppt. Intense dark red- Gelatinous brown. 
dish-purple color- ish-purple ppt. 


ation. 
Purplish-brown ppt. Intense blood-red Gelatinous bright 
coloration. red ppt. 
Greenish-black ppt. Intense dark brown Gelatinous olive: 
coloration. black ppt. 
Purplish-black ppt. Intense dark violet Gelatinous purple 
coloration. ppt. 
Dark  purplish-brown Intense purplish- Gelatinous pw 
ppt. black coloration, plish-red ppt. 
becoming dark 
purple on dilu- 
tion. 
Dark  purplish-brown Jntense purplish- Gelatinous bright 
ppt. green-black color- red ppt. 
ation, becoming 
dark green on 
dilution. 
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LXXVI.—Derivatives of m-Xylene. 
By SypNEY ALBERT PEARMAN. 


Taz experiments described below had for their object the study 
of m-xylene derivatives likely to be of use as colour-producing 
intermediates. 

The starting-point was 6-nitro-m-4-xylidine, prepared by the 
nitration of m-4-xylidine by Noelting and Collin’s method (Ber., 
1884, 17, 265). The product, obtained in quantitative yield, was 
a mixture of the 2-nitro- and 6-nitro-derivatives of m-4-xylidine. 
Repeated extraction with boiling light petroleum (b. p. 40—60°) 
rmoved the greater part of the 2-nitro-compound, of which 
32 grams were obtained from the product of nitration of 265 grams 
of m-4-xylidine. 6-Nitro-m-4-xylidine was purified by repeated 
aystallisation from alcohol; it then melted at 123° and was used 
in the following preparations : 


Me OH Me CO.H 
Me( SNINY SOH MeC NING OH 


tae ead 
NO, 2 
(I.) (II.) 


6-Nitro-m-xylene-4-azoresorcinol (1).—The ice-cold diazo-solution 
prepared from 3°3 grams of 6-nitro-m-4-xylidine, 12 ¢.c. of con- 
vntrated hydrochloric acid, 150 c.c. of water, and 2 grams of 
wdium nitrite was added to 250 c.c. of water containing 2°2 grams 
if resorcinol and 16 grams of sodium hydroxide. The sodium 
ult of the azo-dye was salted out after twelve hours; the azo- 
rsorcinol set free with dilute sulphuric acid was crystallised from 
tacial acetic acid, when it separated in small, light red, iridescent, 
tubular crystals charring at 230° and intumescing at 248° (Found : 
Y=1447. C,,H,,0,N, requires N = 14°63 per cent.). This azo- 
‘ompound dyes chromed wool in full orange shades. 

The diacetyl derivative, produced by adding one drop of con- 
tatrated sulphuric acid to a solution of the azo-resorcinol in 
«etic anhydride, crystallised from alcohol in lustrous, orange-red 
kes melting at 145—147° (Found: N = 11°63. C,,H,,0,N; 
tyuires N = 11°32 per cent.). 

A lower homologue of the foregoing azo-resorcinol has recently 
“n described by Leonard and Browne as a yellow, amorphous 
wwder melting at 234° (Sci. Proc. Roy. Dubl. Soc., 1920, 16, 108); 
thas now been obtained in crystalline form. 
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6-Nitro-m-xylene-4-azosalicylic Acid (I1).—The diazo-solution from 
5 grams of 6-nitro-m-4-xylidine was added to a dilute sodium 
hydroxide solution of salicylic acid (4°6 grams); the deep red 
sodium salt of the dye was salted out. The dye, which is a homo. 
logue of Alizarin Yellow 2G, when set free by dilute sulphuric 
acid, was deposited as a brick-red, amorphous precipitate sintering 
at 210° and decomposing at 220—224° (Found: N = 127). 
C,;H,;0;N, requires N = 13°33 per cent.). Concentrated sulphuric 
acid developed an orange-yellow coloration with the foregoing 
azo-resorcinol and a deep orange shade with the azo-salicylic 
acid. The latter also dyed chromed wool in deep yellow 
shades. 

Acetyl-4 : 6-diamino-m-xylene (IIT). 


Me 


/ \NH-CO-CH, 
Mel 


—Twenty-five grams of acetyl-6-nitro-m-4-xylidine (m. p. 159— 
160°) were reduced with 50 grams of zinc dust in 350 c.c. of 50 per 
cent. alcohol containing 5 grams of ammonium chloride. The 
reducing agent was added in three portions; the liquid was heated 
under reflux for two hours and filtered hot. On cooling, 20 grams 
of crude reduction product separated and were crystallised re- 
peatedly from hot water. Acetyl-4:6-diamino-m-xylene then 
separated in stout needles having a bronzy reflex when moist 
and becoming opaque and white when dry; from benzene, it 
crystallised in colourless, matted needles melting at 164—l66 
(Found: C= 67-48; H=761; N= 1610. C,)H,,ON, requires 
C = 67°42; H = 7°87; N = 15°73 per cent.). 
6-Acetylamino-m-xylene-4-azo-8-naphthol, 
CH,°CO-NH-C,H,Me,N,°C,,H,°OH, 
crystallised from glacial acetic acid in matted, scarlet needles not 
melting below 300° (Found: N = 12°49. C,,H,,O,N, requires 
N = 12°61 per cent.). This azo-derivative developed a magenta 
coloration with concentrated sulphuric acid, whereas the corre- 
sponding azo-phenol gave a deep orange-red shade. 
6-Amino-5-methylindazole (IV).—6-Nitro-5-methylindazole (? 
grams) prepared according to Noelting’s method (Ber., 1904, 37, 
2588) and crystallised from hot water, was dissolved in 150 6. 
of 50 per cent. alcohol and treated successively with a solution 
of 20 grams of ferrous sulphate in 100 c.c. of water and excess of 
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yfeous ammonia. The mixture was heated under reflux for 
three hours, filtered hot, and concentrated, when 1:2 grams of 
j-amino-5-methylindazole separated (yield 71 per cent.). This 
.Bpoduct crystallised from alcohol in hexagonal plates, from benzene 
in lustrous, colourless needles, both forms melting at 241—242° 
found: C = 65°85, 65°94; H = 6°18, 6:17; N = 28°98. C,H,N; 


9 requires C= 65°31; H = 6:12; N = 28°57 per cent.). 


§-Amino-5-methylindazole dissolved readily in dilute mineral 
xids or alcohol; it was moderately soluble in hot water, but only 
garingly soluble in boiling benzene. When moistened with 
Bilohol, its odour resembled that of tobacco. The diazonium 
chloride from this aminoindazole gave a dark red, insoluble azo- 
snaphthol and a violet azo-dye with J-acid. 

§-Amino-5-methylindazole dissolved in dilute hydrochloric acid 
coupled with p-nitrobenzenediazonium chloride to form an in- 
wluble scarlet azo-compound, the diazo-group probably becoming 
attached at position 3 in the indazole ring. 

Di-p-toluenesulphonyl-4 : 6-diamino-m-xylene (V) was obtained 
by grinding together in a warm mortar 4: 6-diamino-m-xylene 
(475 grams), p-toluenesulphonyl chloride (2°2 mols.), and fused 
sodium acetate (4 mols.) and decomposing the excess of the sulphonyl 

chloride by warming with sodium car- 
bonate solution. The crude product 
(13°2 grams) was purified by dissolution 
in sodium hydroxide solution and pre- 
cipitation with acetic acid. On crystal- 
lisation from alcohol, the sulphonamide 
was obtained in small, white needles 
melting at 221—222° (Found: N = 6°45; 
8=1410. C,,H,,0,N,S, requires N = 6°31; S = 14°41 per cent.). 
This compound does not couple in alkaline solution with benz- 
‘ediazonium or p-nitrobenzenediazonium chloride. 

Action of Formaldehyde on 4 : 6-Diamino-m-axylene—On adding 
8 ec. of 35 per cent. formaldehyde solution to 12-2 grams of 
‘:6-diamino-m-xylene in 180 c.c. of cold water, a voluminous, 
le yellow precipitate separated suddenly. Concentrated sulphuric 
id (6 c.c.) was added to dissolve the precipitate completely and 
‘ubsequently the pale red solution began slowly to deposit pale 
tink, heavy, cubical crystals. After seven days this product (A), 
‘sulphate, weighed 13°8 grams. The mother liquor from the 
‘phate precipitation was rendered ammoniacal, when a slimy 
pink precipitate (B), weighing 2°5 grams, was obtained, which, when 
“ued with hydrochloric acid and phloroglucinol, gave the brick-red 
soluble phloroglucide (Clowes and Tollens, Ber., 1899, 32, 2841), 

VOL, OXIx. ome 
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thus showing the characteristic behaviour of a Schiff base. The 
sulphate A, crystallised from alcohol, was sparingly soluble in the 
boiling solvent and separated therefrom in clusters of minute, white, 
hairy needles reddening at 200° and decomposing at 248° (Found: 
N = 13°72, 13°51; S = 7°81, 7°45. [Cy 9H,.N,],,HSO, requires 
N = 13°40; S = 7°66 per cent.). The base liberated from the 
sulphate by ammonia was crystallised successively from alcohol, 
benzene, and petroleum (b. p. 65—75°), when it was obtained in 
snow-white needles resembling asbestos fibres and melting at 
223°5—226° (Found : C = 74°39, 74°50; H = 7°16, 7°25; N = 1714, 
17°20. CyjH,.N, requires C = 75°00; H = 7°50; N = 17°50 per 
cent. Molecular weight determinations by the _ ebullioscopic 
method in benzene (0°981 and 2°003 grams per 100 c.c. respectively) 
gave M = 362, 336. [C,)H,.N.], requires M = 320). 

On warming the amine with acetic anhydride, a monoacetyl 
derivative was produced, crystallising from glacial acetic acid 
in clusters of colourless prisms (Found: N = 14°42, 1472. 
C,,H,,ON, requires N = 13°86 per cent.). These results, although 
not very close, corroborate the preceding data. 

The base on treatment with nitrous acid gave a flocculent, yellow, 
unstable nitrosoamine, which decomposed at about 40° and could 
not be crystallised. It was not found possible to regenerate form- 
aldehyde from the base, which remained unchanged on boiling 
with hydrochloric acid and phloroglucinol, giving no red _phloro- 
glucide. When mixed with 30 per cent. sulphuric acid and distilled 
in steam, the base was unaltered and formaldehyde could not be 
detected in the distillate. 

This base (from product A) gave a red precipitate of selenium 
on treatment with selenium acetylacetone, whereas the Schiff base 
did not interact with this reagent for primary and secondary bases 
(compare Morgan and Drew, this vol., p. 610). 

When the base, C,,H,,N,, was treated at 150—160° with hydro- 
chloric acid in a sealed tube and the product oxidised with ferric 
chloride and precipitated as a double salt with zinc chloride, a 
resinous product was obtained, which dyed wool in full orange 
shades. This condensation product was evidently a colouring 
matter of the acridine series. 

The foregoing reactions show that the condensation product of 
4 : 6-diamino-m-xylene and formaldehyde is a complex substance 
differing considerably in properties from the methylene compounds 
obtained from tolylene-2 : 4-diamine and m-phenylenediamine. 


The author’s thanks are due to the Research Grant Committee 
of the Chemical Society for a grant which has defrayed the expenses 
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IXXVII.—Some Physico-chemical Problems connected 
with the Stability of Explosives. 


By Cyrm Norman -HINSHELWOOD. 


TuE object of this paper is to deal with the thermal decomposition 
of high explosives from the point of view of chemical dynamics. 
Ina recent paper (T., 1920, 117, 1432) Farmer has described an 
experimental method for the measurement of the velocity of decom- 
psition of high explosives. In a second paper (T., 1920, 117, 
103) he describes its application as a stability test to control the 
manufacture of Service explosives, and deals in detail with the 
case of trinitrophenylmethylnitroamine (tetryl). At the time when 
the investigation described in the present paper was commenced, 
the author was unacquainted with Farmer’s work (except as regards 
the apparatus of the Service test which was used in most of the 
measurements) and also worked on the nature of the decomposition 
of tetryl. In some respects, which will be briefly indicated in 
due place, this work simply confirmed that of Farmer, but in others 
the method of attack was different, so that it seems desirable to 
publish the results. 

As stated by Farmer (loc. cit.), explosives undergo a slow decum- 
besition at a temperature far below that at which they fire or 
detonate. For the practical estimation of stability the initial 
tages of decomposition are of most interest, but clearer light is 
town on the nature of the change by following it over its whole 
‘use. Fig. 1 shows the decomposition of molten tetryl at 140° 
md 150°. The evolution of gas ceases at approximately two 
fam-molecules per gram-molecule of tetryl and the non-gaseous 
residue amounts to 73 per cent. When an explosive detonates, 
tis resolved almost entirely into gaseous products and amorphous 
urbon, so that evidently the gradual decomposition is a much less 
tofound change and does not consist in a complete disintegration 
ifthe molecule into products resembling the products of detonation. 

cco2 
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In the case of tetryl, a large proportion of picric acid was extracted 
from the syrupy product, so that the benzene nucleus remained 
to a considerable extent intact. These facts throw some light o 


the mechanism of the explosion of tetryl. This is evidently tof 


be regarded as a process taking place in steps rather than as the 
shattering of the molecule in a single process. The product of the 
completed slow decomposition at, say, 150° may be heated at 
well above 200° without decomposing further, yet if tetryl itself js 
suddenly heated at 200° it will explode, because heat will be evolved 
in the first stage sufficiently rapidly to initiate a further and mor 
profound decomposition. The change undergone by tetryl under 
the conditions of a “stability test” is not the actual explosive 
reaction, but a change which may initiate this if it takes place 
sufficiently rapidly. Although complicated from the point of view 
of organic chemistry, the reaction is simple dynamically. It is 
unimolecular and autocatalytic, and is readily expressed by 
dynamical equations. Farmer suggests that the picric acid is 
partly responsible for the autocatalysis in the initial stages of the 
decomposition of molten tetryl. Experiments over the complete 
range of the decomposition with and without the addition of picric 
acid show that the autocatalysis is quantitatively accounted for 
by the production of this compound in the reaction. 

2:4: 6-Trinitro-3-hydroxyphenylmethylnitroamine was also in- 
vestigated. This compound is interesting because it embodies in 
one molecule the characteristic groups both of tetryl and of picric 
acid. 

NMe-NO, NMe:NO, 
— NO,( NNO, NO, \NO, 
ri — \ oH 
NO, NO, NO, 
Tetryl. Picric acid. Trinitrohydroxy- 
phenylmethylnitroammr. 

In virtue of its hydroxyl group it exerts an action similar 
to the catalytic action of picric acid on tetryl, whilst in virtue of 
the nitroamino-group it is unstable itself, and its instability is 
enhanced by the influence of its own hydroxyl group to about the 
same extent as the instability of tetryl is increased by picric acid. 
The additive relation found in the decomposition velocities of 
these compounds suggests that we may here be dealing with an 
instance of hydrion catalysis in a substance in the fused state. 

On account of its practical significance the decomposition of 
solid tetryl was studied and special attention directed to an analysis 
of the form of the initial accelerated parts of the curves shown 1 
Fig. 4. Extrapolation of the values found for molten tetryl t 


should 
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lower temperatures had revealed a large difference between the 
velocity of decomposition in the liquid and in the solid states. As, 
however, a detailed account of work on similar lines has been 
recorded by Farmer, the results are not given in this paper. It 
is shown, however, that from the curve giving the depression of 
the melting point of tetryl by its decomposition products the 
seeleration in the rate of decomposition of the solid due to pro- 
messive melting may be quantitatively accounted for. 

The hydroxy-analogue of tetryl shows a similar behaviour, its 
ate of decomposition increasing enormously when it becomes 
liquid. 

Prof. Lewis suggested to the author that this difference in 
ractivity of the substance in the solid and in the liquid states 
should be expected, since there is a difference in internal energy 
hetween the two states equal to the latent heat of fusion. 
Quantitative investigation on the basis of this idea leads to an 
important result, namely, tetryl even after the most careful puri- 
ication probably still contains small amounts of impurity which 
lagely determine its rate of decomposition (as a solid) by giving 
rise to traces of liquid phase. The reaction in the case of molten 
tetryl is unimolecular, and assuming that a molecule decomposes 
vhen it possesses a “critical increment” of energy Hi we have 


from the Marcellin-Rice equation 


dlogki Mi 
dé 


If we now assume the reaction in the solid state to be homogeneous 
and unimolecular, we have 


dilogks _— Es 
do = =ke ° 


vhere 2, is the critical increment for the reaction in the solid 
tate. Then for the ratio of , to k, at a given temperature we 
have 

ki Es — E, 

ks ko 


log 


Now Z; — Ei should equal X, the latent heat of fusion per gram- 
nolecule, 

The latent heat of fusion was measured in the case of tetryl 
ind found to be approximately 5,600 cals. This gives for ki/ks 
t 120° the value 1,300 approximately. In order to eliminate the 
tleet of autocatalysis in the liquid state and of progressive melting 
i the solid we may take initial rates of decomposition as propor- 
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tional to velocity constants. Thus, assuming the reaction in th 
solid state to be a homogeneous one, the solid should decompose; 
1,300 times more slowly than the liquid at the same temperatur. 
But the value 1,300 is a lower limit, since it has been shown } 
Hinshelwood and Bowen (Phil. Mag., 1921, [vi], 40, 569) that, 
in reactions where a gas is evolved from a solid, only those mole. 
cules in the neighbourhood of the surface of the solid decompos, 
and this would obviously make the relative rate of reaction in the 
solid state slower still. Now since the rate of reaction in the solid 
state is only about 50 to 100 times less than that in the liquid 
(in the case of tetryl at 120°), we must assume that even after 
the most careful purification the tetryl still contains traces of 
impurity which either give rise to liquid or exert some catalytic 
effect. 


ExPERIMENTAL. 


1. Dynamics of the Complete Course of the Decomposition of Molten 
Tetryl. 


Measurements were made at 140° and 150°, quantities of about 
0-1 gram of tetryl being used. Fig. 1 shows the results obtained. 


Fie. 1. 


150° 


_ 
for) 


~ 
to 


Molecules of gas. 
° 
oo 


° 
= 


8 12 16 20 
Hours. 


Complete course of the decomposition of molten tetryl. 


In order to express the change by an equation it was first necessary 
to determine the order of the reaction. The autocatalytic influence 
of the products makes it impossible to do this merely from the 
shape of the curve. It was found, however, that the rate at which 
tetryl decomposed when dissolved at different concentrations in pure 


CONNECTED WITH THE STABILITY OF EXPLOSIVES. 725 


Mi ;initrotoluene was the same as when it decomposed alone. Hence 
emit may be taken that the reaction is unimolecular. 


Molecules of gas from one molecule of tetryl. 
33% tetryl 16°6% tetryl 
Time in Pure in molten in molten 
hours. tetryl. trinitrotoluene. trinitrotoluene. 


0°18 0°23 0°19 

0°49 0°63 0°54 

0°86 1-00 0°84 

1-19 1-28 1:09 

1-46 1°50 1°30 

1°64 1°65 1°43 

On the simplest assumption that the products of the reaction 

utalyse the reaction in direct proportion to their amount, the 
change will be represented by the equation 

dx 

a = hy +hge)(m — 2) 
where m = the total amount of gas evolved when the reaction 
has run its course, and 2 = the amount of gas evolved at time ¢. 
This gives on integration 
m 


ie + ; log (1 + Kx) = constant, 


1 
a SS 


where kp/k, = K. 

In an experiment with pure tetryl at 140° the total amount of 
ms was 1-95 mols., that is, m = 1-95. When ¢ = 5 (hours), x = 
(499, and when ¢ = 10, x = 1-31. Hence K is found to be 5-34 and 


1 1-95 ] 
; log —_.s +. F log (1 + 5-342) = constant = S. 
Substituting experimental values of ¢ and x we find, 


2. S (for decimal logs). 
0-499) : 
1-31 4 on 
0°332 0°132 
. 0-83 0°138 
: 1°55 07138 
15°0 1-72 0°130 


Inasimilar experiment at 150°, the following resuits were obtained : 
m = 2-01; K = 2-78. 
The values of S for different values of ¢ and x were 0-374, 0-372, 
1371, 0-343, 0-336. Taking the constant as 0-37, we find 


t. x (calculated). x (observed). 
1:00 m 0°35 
2°00 ‘ 0°83 
3°00 4 1°30 
4°00 *66 1°63 
5°00 | 1°78 
15°0 3 1°95 
20°0 2° 2°01 
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It is noteworthy that the decomposition of an explosive shoul 'The 


follow so simple a law. 

The isolation of picric acid from the products by extraction 
with water and repeated crystallisation has been mentioned. This 
affords another method of following the course of the reaction, 
A weighed amount of tetryl was allowed to decompose for a certaip 
time and the acid formed was extracted and titrated. In » 
experiment at 140° the following results were obtained. 

0°500 Gram taken 
in a number of tubes. 
Hours of C.c. of N/20-alkali 
heating. required. 
2°0 
3°0 
6-0 


*75 


a 
7 
I 
7 


7 
0 
0 

These values lie on a curve similar to that representing the gas 
evolution. 


2. Dynamics of the Decomposition of Molten Tetryl in Presence of 
Picric Acid. 


At 140°, the rate of decomposition of picric acid itself is very 
small compared with that of tetryl, and need not be taken into 
account. If the autocatalysis observed in the decomposition of 
tetryl is due to the picric acid formed, then the velocity in presence 
of a moderate quantity of added picric acid should be given by 

dx 
; hon k(a + x)(b — x) 
where a@ = the amount of picric acid added and 6 = the amount 
of tetryl initially present. 

For equimolecular proportions of tetryl and picric acid the 
integrated form of this becomes 

] b+2 
~ log a 

The following results illustrate this. They refer to an equimole- 
cular mixture at 140°. 

t (hours). -C.). k. 
0°50 66 0-071 
1°00 “38 00749 
2-00 2°75 00751 
3°00 3°98 0-0761 
5°17 5-02 00752 
6°00 “BS 0°0749 
7-00 0°0757 
8-50 “8: 00754 

27-0 9: ae 


Molecules of gas. 
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'The influence of varying amounts of picric acid is shown in Fig. 2. 
In presence of excess of picric acid the autocatalytic influence 
{ that produced in the reaction should be masked by that initially 


Molecules of gas. 


10 12 


Hours. 
Decomposition of tetryl in presence of varying amounis of picric acid. 


I. 4 mols. of tetryl, 1 mol. of picricacid. IV. 1 mol. of tetryl, 2°84 mols. of picric 
1.2 4, o & «ww = acid, 
mi oe oa os V. Excess of picric acid. 


added and the reaction should obey the simple unimolecular law. 
This expectation is accurately fulfilled. 
00802 Gram of tetryl in presence of 1-00 gram of picric acid. 


k (for simple 
unimolecular 
t (hours). x (c.c.). reaction). 
y 107 — 
5°43 070940 
6°61 0°0972 
7°78 0°1000 
8°97 0°1009 
9°32 0°1007 
10°66 071001 
11°65 0°1019 
15°42 _ 


3. Behaviour of the Hydroxy-analogue of T'etryl—2 : 4 : 6-Trinitro- 

3-hydroxyphenylmethylnitroamine. 

Fig. 3 shows the behaviour of this compound at 140°. It has 
: higher melting point (182°) than tetryl (129°) and is therefore 
‘lid at 140°, but it melts as decomposition proceeds. The fusion 
‘accompanied by the usual increase in velocity of reaction. Like 

co c* 


HINSHELWOOD : SOME PHYSICO-CHEMICAL PROBLEMS 


that of tetryl, its velocity of decomposition is accelerated by pictidl Th 
acid. Since the velocity of decomposition of tetryl at 140° is nof9 1 
increased by admixture of trinitrotoluene, it is reasonable to SUppow 
that that of the analogous hydroxy-compound will not be aly 


Fie. 3. 


100% 


Per cent. decomposed. 


120 
Hours. 


Decomposition of trinitrohydroxyphenylmethylnitroamine. 


The compound was therefore dissolved in several times its weight 
fused trinitrotoluene and the gas evolution measured. Equimolecul: 
mixtures of picric acid and the hydroxy-compound and of tetty 
and the hydroxy-compound were also examined. 


Initial rate 


Hydroxy-compound (1 mol.) + tetryl (1 mol.) F P ; 
Hydroxy-compound alone (molten in trinitrotoluene solution) 


C.c. of gas from 5 grams. 


0°28 
eeoe 0°34 
. 0°24 


Difference, representing the rate of ectaonatnin ea of tetryl 
catalysed by the hydroxy-compound . Sense caeeeseosé ji 


Compare tetryl + picric acid (1 mol.) 
+ (} mol.) 


> %” ” ”? 


Thus the catalytic activity of the hydroxy-compound is appro 
mately equal to that of picric acid. 

The total gas evolved from the hydroxy-compound was 3 
mols.; therefore, 


ADP Vv 
the initial rate = . a = 12:1 per cent. per hour. 
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The total gas evolved from tetryl + 1 mol. of picric acid was 


)° is nofii20 mols.; therefore, 


0-34 x 100 
2°20 
Thus the rate of decomposition of the hydroxy-derivative approx- 
mates to that of tetryl in presence of 1 mol. of picric acid. In 
these results an additive relation is evident. The catalytic activity 
of both picric acid and the methylnitroaminopicric acid is clearly 
due to the hydroxyl group; both these compounds dissociate 
strongly in solution (the conductivity of the nitroamine is not 
neorded in the literature, but was found by the author to corre- 
yond with a dissociation of about 98 per cent. at N/200 dilution) 
and since substances which ionise easily in solution usually ionise 
in the molten state, the additive relation found for the velocity 
of decomposition in the various cases suggests that we may be 
tere dealing with a case of hydrogen-ion catalysis in substances 

in the fused state. 


the initial rate = = 15-4 per cent. per hour. 


4 The Initial Stages in the Decomposition of Solid Tetryl at 120°. 

In the initial stages, the decomposition of solid tetryl is strongly 

acelerated. A special study was made of the dynamics of this 
Fic. 4, 


C.c. of gas from 5 grams. 


60 
Hours. 
Initia! stages in the decomposition of solid tetryl. 


fart of the change. Farmer says (loc. cit.) that the acceleration is 

oa great extent due to progressive melting. The analysis now to 

te given of the curves (see Fig. 4) shows that the acceleration is 
cc*2 
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connected quantitatively with the production of the liquid phase due 
to the lowering of the melting point by the decomposition products, 
Since the range of the decomposition to be studied is limited— 
involving only a few units per cent. of the tetryl present—we may 
neglect variations in the amount of undecomposed material. 
Consider 1 gram of solid tetryl at 120°. The gas evolution depend 
on the following factors : 


1. The initial rate of decomposition of the solid, denoted by v# ° 


(expressed in c.c. per gram per hour). 

2. The amount of liquid phase introduced when an amount 7 
of the tetryl has decomposed, denoted by f(z). This will decompose 
at a rate v5. 

3. The autocatalytic acceleration of the decomposition of bothi; 
solid and liquid phases by the products, the former of which may 
be neglected, since v, itself is small compared with 1. 

We may express the autocatalysis in the case of the molten par 
by writing v, in the form 

Ve = ax +b. 
The total rate of decomposition will be 
G = fm + {1—fe)\o,. 
Liquid phase. Solid phase. 

f(x), the amount of liquid phase introduced due to a quantity 
of decomposition product x, is found as follows. For small depres 
sions, Raoult’s law will be obeyed and the lowering of the melting 
point of tetryl by its decomposition products will be in accordance? 
with a straight-line law. The slope of the line is tan « (depression 
of m. p. per unit amount of decomposition product). At a tem 
perature, @, below the melting point 7’ (= 129-1°) of the pure sub- 
stance and above the eutectic temperature, the relative amounts 
of solid and liquid phases present are given by 

solid phase _(7' — 6) cota —-2 

liquid phase ~ x 
For 1 gram of tetryl, and 6 = 120-0°, 
Liquid phase, f(x) = rT 5 "4 
Solid phase, 1 — f(x) = 1 — (T 9) oe 
Therefore 

x 
J) = oF cot a 

and 


dx 


ad . { a= : i. Oe 
G-Lcota  @ + \)— oT ecot al 
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Putting vg = az -+b, and neglecting v,x in comparison with 
uw? + bx, since v, is small ees with ax +-b, we have 


dx 
(SF 1) ~~ Qed ae (ax + 6). 


Seven curves for different specimens of tetryl at 120° were 
‘Bmalysed. These curves do not coincide with one another? since 


, varies from one specimen to another, but (= — »,) plotted 


iainst « should give a single smooth curve for all specimens. 
fig. 5 shows that this is so. The following are the results from 
yhich the curve is plotted; they refer to 5 grams of tetryl, and 
;, was obtained in the case of each of the seven specimens frum 
its t:e curve both by extrapolation and by taking the tangent at 
the origin. 


v. 


0°61 

2-0 0-050 
30 0-092 
40 0°124 
50 O-178 
2°0 0°046 
4°03 0-130 
515 0°153 
10°4 0°408 


C 30 
4°66 


7°52 


12°49 
The curves from which these are taken were very carefully 
plotted from the results of experiments in which the temperature 
did not vary by more than 0-1°. 
The depression of the melting point of tetryl by its decomposition 
products was then measured. 


Melting point after the evolution of 2-10 c.c. of gas per gram = 127-8° 
6-15 ,, - - = 125-2° 
112 =, * - = 122-5° 


Complete fusion occurred at 120° after the evolution of 15—16 


¢¢.; therefore, 
; tan « = 0-60 or cot « = 1-67 
an 


9-1 x 1-67 (G-%) 


ax +b= 7: 
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Thus ax + 6, the rate of decomposition of molten tetryl at 120°, 
is connected with the acceleration in the decomposition of the 


Fria. 5. 


Tim 


in hou 


Th 
accel 
phase 

Th 
of de 
f impu 
vd was { 

— a - on tl 
made 


wat : vow | — = ident: 


2 4 6 8 well 
subst 


and 


C.c. of gas evolved from 5 grams of tetryl at 120°. 


solid. Dividing by 5 the values obtained from the curve in Fig. 5, 
to refer the results to 1 gram of tetryl instead of 5 grams, we obtain, 


a 
(S “i ). 
0°030 
0°050 
0:077 
0°108 


Substituting these results in equation (i) above, we find 
ax +b = 0-14x + 0-30 
and therefore for molten tetryl at 120° we have theoretically 


dx 


di = 0-14 + 0-30; 


hence, 
1 


0-14 
t= Gyaloe (1 +930") 
= 16-4 log, (1 +0-467z) . . . . fi) 
In order to compare values calculated from equation (ii) with 
experimental results, 5 grams of tetryl were made molten at 120° 


Fig. §, 
obtain, 
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jy adding other inert nitro-compounds. The agreement is shown 
in the following table. 


C.c. of gas C.c. of gas from 5 grams of tetryl, rendered 
from 5 grams molten by addition of 
of tetryl, cal- (a) (b) (c) 
Time culated from dinitro- trinitro- trinitrotoluene and 
inhours. equation (ii). benz toluene. dinitrobenzene. 

l : hi 
3°0 
54 
ee] 

. 10°6 
6 “6 13°8 


” 
4 
d 


The agreement may be regarded as a quantitative proof that the 

aeeleration is entirely due to the progressive production of liquid 
phase. 
The question whether the variable quantity v,—the initial rate 
of decomposition of the solid—depends largely on the residual 
impurity was discussed in the early part of this paper, and evidence 
vas given to show that this is the case. A series of experiments 
om the repeated crystallisation of initially “pure” tetryl was 
made, and the values of v, after successive crystallisations under 
identical conditions were 0-025, 0-037, 0-024, 0-041, 0-021. It is 
vel known, however, that impurities which dissolve in a solid 
substance, and the partition coefficient of which between the solid 
and the solvent is large, cannot be removed by crystallisation. 


Summary. 


The gradual decomposition of trinitrophenylmethylnitroamine 
(tetryl), which forms the basis ‘of the standard stability test, is not 
% profound a change as that taking place when tetryl detonates. 
It satisfies the laws of a unimolecular, autocatalytic reaction. 

The autocatalysis is due to the production of picric acid and in 
presence of added picrie acid the reaction satisfies the equation 
«tablished on this assumption. 

Trinitrohydroxyphenylmethylnitroamine behaves similarly to 
tetryl. There is a large increase in the rate of decomposition 
when it melts. In the molten condition, its decomposition is 
catalysed by its own hydroxyl group as well as by picric acid. 
Itcatalyses the decomposition of tetryl to the same extent as picric 
wid. These relations suggest that this is an instance of hydrion 
tatalysis in a substance in the fused state. 

The acceleration in the initial stages of the decomposition of 
wlid tetryl is connected quantitatively with the lowering of the 
nelting point by the products of decomposition. 

A comparison of the ratio of the velocities of decomposition of 
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solid and liquid tetryl at 120° with that deduced from the laten 
heat of fusion indicates that the decomposition of the solid j 
governed largely by traces of residual impurity which cannot 
removed by recrystallisation. 


This paper is published with the permission of the War Office 
I have much pleasure in recording my indebtedness to Mr. Wm, 
Macnab for many kindnesses in connexion with this work. 


DEPARTMENT OF EXPLOSIVES SUPPLY, 
AND Batiion ConLece, OxFrorpD. [Received, March 14th, 192i,] 


LX XVIII.—4-B-Methylaminoethylglyoxaline. 


By Ropert Georce Farcuer and Frank LEE Pymay. 


Tue isolation of 4-8-aminoethylglyoxaline from ergot, and the 
recognition of its importance as an intense stimulant of plain 
muscle, have led in recent years to the synthesis, not only of the 
substance itself, but also of a number of related compounds, the 
examination of which has indicated the presence of an optimum 
side-chain of two carbon atoms between the cyclic system and 
the amino-group (Ewins, T., 1911, 99, 2052; Pyman, ibid., 2172; 
1916, 109, 186). As the same optimum condition obtains in the 
sympathomimetic amines (Barger and Dale, J. Physiol., 191i, 
41, 19), it was deemed of interest, in view of the importance d 
the N-alkyl substituent in that series, to prepare 4-8-methylamino- 
ethylglyoxaline and to compare its physiological action with that 
of the naturally occurring base. 

Considerable difficulty has been experienced in devising a prac: 
ticable mode of preparation. The methods employed by Barge 
and his collaborators (Walpole, T., 1910, 97, 941; Barger and 
Ewins, ibid., 22, 53) for the synthesis of the analogously substi- 
tuted §-phenylethylmethylamines were inapplicable, methylation 
of an acyl derivative of 4-8-aminoethylglyoxaline, for example, 
because of the readiness with which glyoxalines combine with 
alkyl esters, and syntheses dependent on 4-6-hydroxyethylglyor 
aline or glyoxaline-4-acetaldehyde owing to the lack of satisfactory 
methods for the preparation of these substances. 

Eventually, recourse was made to the preparation of dl-a-methyl- 
amino-B-glyoxaline-4-propionic acid (II) by the interaction df 
dl-«-chloro-8-glyoxaline-4-propionic acid (I) and 40 per cent. 
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) 


aqueous methylamine at 110°, and the subsequent decarboxylation 
of this substance by means similar to those employed by Ewins 
and Pyman (T., 1911, 99, 339) in the case of histidine. 
CH-NH,, 
—-_ 
CH, CHy 
CH-NHMe CH, NHMe 
CO,H 
(II.) (III.) 
The yields of 4-8-methylaminoethylglyoxaline (III) were even 
poorer than had been anticipated, and the physiological action 
was disappointing, since the substance, when compared directly 


| with 4-8-aminoethylglyoxaline, showed only about one-hundredth 


of the activity. 
EXPERIMENTAL. 


a-Chloro-8-glyoxaline-4-propionic Acid. 


This acid has been prepared from histidine by Windaus and 
Jogt (Beitr. Chem. Physiol. Path., 1908, 11, 406) and by Gerngross 
(Ber., 1909, 42, 404), both of whom give the melting point as 191° 
(uncorr.). One of us (T., 1911, 99, 1394) prepared the racemic 
variety of the acid synthetically, found that it melted at 201° 
(corr.), and concluded from the difference between the melting 
points that the acid prepared from histidine was one of the optically 
active varieties. Since we were in possession of considerable 
quantities of histidine, we desired to prepare «-chloro-8-glyoxaline- 
4.propionic acid from this source for the present investigation, as 
the synthesis involved a large number of operations. It appeared 
therefore to be desirable to examine the optical character of the 
product, a point which had received no attention from the previous 
investigators. We prepared the acid by the method of Windaus 
and Vogt, the crude product of the interaction of histidine, fuming 
hydrochloric acid, and sodium nitrite being esterified, and the 
ester purified by crystallisation of its hydrogen oxalate from methyl 
alcohol. Ethyl «-chloro-8-glyoxaline-4-propionate hydrogen oxal- 
ate, which was not analysed by the previous investigators, proves 
to be a sesquioxalate.* It melts at 161—163° (corr.), and dissolves 

* The formation of sesquioxalates in the place of the expected acid 
oxalates has been observed on several occasions amongst the derivatives of 
glyoxaline (T., 1911, 99, 678, 1392, 1394). The hydrogen oxalate of ethyl! 
8-glyoxaline-4-propionate is also a sesquioxalate (T., 1919, 115, 1020) and 
not a normal acid oxalate containing a molecular proportion of water of 


crystallisation as stated by Windaus and Vogt (Ber., 1907, 40, 3693). Ethyl 
a-hydroxy-8-glyoxaline-4-propionate, however, yields a normal hydrogen 


Se ee ee 


see SETS 
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readily in water, but sparingly in cold methyl or ethyl alcohol 
Late crops, melting as low as 140°, appear to represent the partly 
racemised salt, as the analytical figures remain unaltered [ Found: 
C = 42-2; H=4-7; Cl= 13-0. (C,H,,0,N,Cl),(C,H,O,), require 
C = 42-2; H=4-7; Cl= 13-1 per cent.]. 

From this salt the ester was liberated and hydrolysed by the method 
of Windaus and Vogt, and the resulting «-chloro-8-glyoxaline. 
4-propionic acid purified by crystallisation from water. It proved 
to be optically inactive and identical with the synthetic acid. 
Either alone or mixed with the synthetic acid, it melted at 201° 
(corr.), although the melting point may be found as low as 195° 
when the acid is heated very slowly. 

Racemisation of optically active amino-acids on the replace. 
ment of the amino-group by the chlorine atom has been observed 
on other occasions (compare, for instance, McKenzie and Clough, 
T., 1912, 101, 391). 


dl-a-Methylamino-8-glyoxaline-4-propionic Acid (dl-Methyl- 
histidine). 


Forty-four grams of «-chloro-$-glyoxaline-4-propionic acid and 
176 c.c. of 40 per cent. aqueous methylamine (prepared by satur- 
ation in a freezing mixture) were heated in several sealed tubes 
for five hours at 110°. The resulting liquor was evaporated to 
dryness and the residue, after removal of methylamine as completely 
as possible by re-solution and re-evaporation, dissolved in water, and 
treated with a solution of 115 grams of picrie acid in 3300 c.c. of 
water. On keeping, the liquor deposited first an oil, which was 
removed by filtration when the liquor was nearly cold, and then 
52-3 grams of a well-crystallised picrate. This sintered at about 
70° and melted at 132° and proved to be «-methylamino-8-glyoraline 
4-propionic acid dipicrate. By extracting the oil with hot water, 
some 35 grams of picrates melting indefinitely at about 70° were 
obtained, whilst the ultimate mother liquors yielded solely methy!- 
amine picrate melting at 210°. The picrates melting at 70° yielded 


after several crystallisations from water about 4 grams of methyl- 


histidine dipicrate and 21 grams of a picrate melting at 189°, which 
proved to be «a-methylamino-8-glyoxaline-4-propionic acid sesqut- 
picrate, the ultimate mother liquors again depositing methylamine 
picrate. The total yield of methylhistidine is thus 47 per cent. 
of the theoretical. 


oxalate, which separates from methyl alcohol, in which it is fairly readily 
soluble, in clusters of prismatic needles which are anhydrous and melt at 
143° (corr.), sintering from 135° (Found: C = 43°6; H = 5°3; N = 102. 
C,H,,0,N,,C,H,O, requires C = 43°38; H= 5:2; N = 10:2 per cent.). 
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When less concentrated solutions of methylamine were em- 
ployed, the yield of methylhistidine was diminished; thus, when 
329 per cent. solution of methylamine was used, the yield of methy]- 
histidine amounted to only 20 per cent. of the theoretical. 

a-Methylamino--glyoxaline-4-propionic acid dipicrate crystallises 
from water in well-defined, prismatic needles containing 3 mole- 
cules of water of crystallisation, two of which are lost at 60° in a 
vacuum, and the third slowly at 90° in a vacuum. The air-dried 
picrate sinters at about 70°, owing to loss of water of crystallisation, 
and melts definitely at 132° (corr.). It dissolves readily in boiling 
water but only sparingly in cold (Found: in air-dried material, 
loss at 60° in a vacuum = 5-4. C,H,,0,N;,2C,H,0,N;,3H,O re- 
quires Joss of 2H,O, 5-3 per cent. Found: in dried material, 
(=353; H=3-3; N = 19-3; further loss at 90° in a vacuum = 
28. C,H,,O,N3,2C,H,0,N3,,H,O requires C = 35:3; H = 3-0; 
N= 19-5; H,O = 2-6 per cent.). 

Five grams of air-dried picrate gave 3-32 grams of picric acid, 
336 grams being required. 

a-Methylamino-f-glyoxaline-4-propionic acid sesquipicrale, which 
closely resembles the dipicrate, crystallises from water in large, 
glistening, rhombic prisms, which melt at 193° (corr.) and appear 
to contain 7 molecules of water of crystallisation, of which six are 
lost at 60° in a vacuum, whilst the last is retained even on further 
heating at 110° (Found: in air-dried material, loss at 60° in a 
vacuum = 9-6, 9-4; C= 33-1; H = 3:7. 

2C,H,,0,N3,3C,H,0,N3,7H,O 
requires loss of 6H,O = 9-4; C = 33-35; H = 3-9 per cent. 
Found : in dried material, C = 36-8; H = 3-2; N = 20-0. 
2C,H,,0.N3,3C,H,0,N;,H,O 
requires C = 36-8; H = 3-2; N = 20-1 per cent.). 
a-Methylamino-@-glyoxaline-4-propionic acid monopicrate was ob- 
tained by treating the solution of the base with a molecular pro- 
portion of picric acid. It is sparingly soluble in water, from which 
it separates in minute, flattened prisms, which melt and effervesce 
at 118° (corr.) and contain 3 molecules of water of crystallisation, 
which are not lost on heating at 60° in a vacuum (Found: C = 34-7; 
H=43. C,H,,0,N;,C,H,0,N;,3H,O requires C = 34-5; H = 4-45 
per cent.). 

a-Methylamino-8-glyoxaline-4-propionic acid dihydrochloride was 
prepared from the picrate in the usual manner and crystallised 
from dilute hydrochloric acid in large, diamond-shaped, colourless 
plates, which softened at about 127° and melted at 134° (corr.). 
It dissolves very readily in water, but only sparingly in alcohol. 
The air-dried salt contains one molecule of water of crystallisation, 
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which is not lost on heating at 60° in a vacuum. The solution jn 
sodium carbonate gives a blood-red colour with sodium diazo. 
benzene-p-sulphonate (Found : loss in a vacuum at 60° = 1-2 per 
cent. In dried material, C = 32-5; H = 56; N=15-9; Cl = 264 
C,H,,0O,N;,2HCI,H,O requires C = 323; H=5-8; N= lé61: 
Cl = 27-3 per cent.). 

a-Methylamino-8-glyoxaline-4-propionic acid aurichloride separ. 
ates from water, in which it is only sparingly soluble, in glistening, 
pale orange, flattened prisms, which are anhydrous and effervesce 
at 115° (corr.) without melting (Found: Au = 46-7. 

C,H, ,0,N,,2HCI1,2AuCl, 

requires Au = 46-4 per cent.). 

a-Methylamino-8-glyoxaline-4-propionic acid is prepared by 
digesting an aqueous solution of the hydrochloride with slightly 
more than the quantity of silver carbonate calculated to remove 
the hydrochloric acid completely. It separates from the resulting 
solution, after concentration, in needles, which melt and effervesce 
at 270° (corr.), are anhydrous, and taste sweet with a bitter after. 
taste (Loss at 110° = 1-3 per cent. Found: in dried material, 
C= 495; H=65; N= 24-5. C,H,,0,N, requires C = 497; 
H = 6-6; N = 24-8 per cent.). 

The benzoyl derivative, obtained by the Schotten-Baumann 
method, separates from water, in which it is much more readily 
soluble than the corresponding histidine derivative, in clusters of 
minute prisms, which give an intense red coloration with sodium 
diazobenzene-p-sulphonate in sodium carbonate solution. The air- 
dried material retains one-half of a molecular proportion of water 
of crystallisation, which is lost at 110°. It melts and effervesces 
at 241° (corr.) [Found : in air-dried material, C = 59-5; H = 56; 
loss at 110° = 2-9. (C,,H,,0O,N3).,H,O requires C = 59-5; H = 57; 
H,O = 3-2 per cent.]. 


4-8-Methylaminoethylglyoxaline. 


This base can be prepared in poor yield by the decarboxylation 
of the preceding benzoyl derivative and hydrolysis of the product 
or by decarboxylation of methylhistidine by means of 20 per cent. 
hydrochloric acid at 280°. Unlike the parent base (compare Ewins 
and Pyman, loc. cit.), it cannot be prepared by the action of 20 per 
cent. sulphuric acid on methylhistidine, the reaction resulting in 
almost complete decomposition of the methylhistidine and reduc- 
tion of the sulphuric acid to hydrogen sulphide at temperatures 
of 270—290°, whilst below 270° little decarboxylation occurs. 

(a) Formation of 4-8-Methylaminoethylglyoxaline from Benzoyl- 
methylhistidine. —1-2 Grams of benzoylmethylhistidine were heated 
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at 240° in a vacuum until all frothing ceased. The dark residue 
was dissolved in 4 c.c. of 20 per cent. hydrochloric acid, heated 
for one hour at 180°, and the resulting solution freed from benzoic 
acid by extraction with ether, basified with sodium carbonate, 
filtered from insoluble brown matter, acidified to methyl-orange, 
evaporated to dryness, and extracted with alcohol. The extract, 
which consisted in part of sodium chloride, was dissolved in a 
little water and treated with 0-5 gram of picric acid in 12 c.c. of 
water. After the separation of resinous matter, 0-25 gram of 
nearly pure 4-8-methylaminoethylglyoxaline dipicrate was obtained. 
The yield amounts to 10 per cent. of the theoretical. 

(b) Formation of 4-8-Methylaminoethylglyoxaline from Methyl- 
histidine—4'5 Grams of methylhistidine dihydrochloride dissolved 
in 18 c.c. of 20 per cent. hydrochloric acid were heated in nine 
sealed tubes for two hours at 280°. The product was basified with 
sodium carbonate, filtered from insoluble amorphous matter, re- 
acidified to methyl-orange, evaporated to dryness, and extracted 
with alcohol. The residue consisted solely of sodium chloride. 
The extracted material, amounting to 2-5 grams, and consisting 
in part of sodium chloride, was dissolved in a little water and 
treated with a hot solution of 3 grams of picric acid in 75 c.c. of 
water. After the deposition of resinous matter and amorphous 
pirates, there crystallised 1-0 gram of nearly pure 4-8-methyl- 
aminoethylglyoxaline dipicrate, which sintered at 170° and melted 
and decomposed at about 210°. The mother liquors were used to 
re-extract the amorphous picrates and yielded altogether a further 
0:3 gram of the crystalline dipicrate. The yield thus amounts to 
12 per cent. of the theoretical. | 

4.8-Meihylaminoethylglyoxaline dipicrate crystallises from water, in 
which it is sparingly soluble, in well-defined, bright yellow needles, 
which appear to contain 2 molecules of water of crystallisation, one of 
which is lost on heating at 60° in a vacuum. The air-dried product 
shrinks together at about 170°, doubtless owing to loss of water of 
crystallisation, and melts and decomposes at 220° (corr.) (Found : 
logs at 60° in a vacuum = 3-6. C,H,,N3,2C,H,0,N3,2H,O requires 
loss of 1H,O = 2-9 per cent. 

Found : in material dried at 60° in a vacuum, C = 36-0; H = 3-2. 
CH, ,N3,2C,H,0,N3,H,O requires C = 35-9; H = 3-2 per cent.). 
4-6-Methylaminoethylglyoxaline dihydrobromide, prepared from the 
picrate in the normal manner, was obtained on evaporation of the 
aqueous solution as a somewhat hygroscopic, crystalline powder. 
It separates from alcohol in fern-shaped clusters of needles, which 
melt at 275° (corr.) and contain 2H,0. It is very readily soluble 
m water, readily soluble in alcohol, but almost insoluble in ether 
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or ethyl acetate. The solution in sodium carbonate gives a blood. 
red colour with sodium diazobenzene-p-sulphonate (Found : los 
at 60° in a vacuum = 2-4 per cent. Found: in dried material, 
C= 224; H=49; N=12-8. OC,H,,N;,2HBr,2H,O require 
C = 22:3; H=53; N = 13-0 per cent.). 


In conclusion, the authors would express their indebtedness to 
Dr. H. H. Dale, F.R.S., of the staff of the Medical Research Con. 
mittee, who has carried out the experiments on the physiological 
action of 4-8-methylaminoethylglyoxaline. 


WELLCOME CHEMICAL RESEARCH LABORATORIES. 
[Received, April 13th, 1921.] 


LX XIX.—Physical and Physiological Properties of 
some Hydrogenated Quinoline Compounds. 


By AgirA SHimomuRA and Jutius Berenp CoHEN. 


Ir has been shown by Bamberger and his co-workers (Ber., 1890, 
23, 1138; 1891, 24, 2463; Annalen, 1890, 257, 1) that a hydro- 
genated quinoline compound acquires the nature of an alkylated 
aromatic amine, and the results of the experiments carried out 
by them led them to adopt a centric formula for naphthalene, 
quinoline, and similar condensed nuclei. 

The present experiments were carried out in the hope of finding 
if there exists any relation between a hydrogenated quinoline 
compound and the corresponding aromatic amine in regard to 
their ultra-violet absorption spectra. 


The following compounds were spectrographically examined : 


Quinoline compounds. Aromatic amines. 
Quinoline (in alcohol), 
1:2:3:4-Tetrahydroquinoline Monomethyl-o-toluidine (in alcohol). 
(in alcohol). 
6-Amino-1 : 2 : 3 : 4-tetrahydro- 2:5-Tolylenediamine dihydrochloride 
quinoline dihydrochloride (in water). 
(in water). 
a-Naphthaquinoline (in alcohol). 
1:2:3: 4-Tetrahydro-a-naphtha- 
quinoline (in alcohol). 
1:2:3:4:7:8:9: 10-Octahydro- 
a-naphthaquinoline (in alcohol). 
8-Naphthaquinoline (in alcohol). 
1:2:3:4-Tetrahydro-8-naphtha- 1-Methyl-2-naphthylamine (in alcohol). 
quinoline (in alcohol). 
1:2:3:4:7:8:9: 10-Octahydro- 
8-naphthaquinoline (in alcohol). 
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From the spectrographic results, the following generalisation can 
be drawn : 
(1) A hydrogenated quinoline compound shows quite a different 
absorption from that of the original compound, due to the change 
of structure of the molecule. 
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Logarithms of motecular extinctic 


nllcnmend 


Quinoline. 


Fie. 4. 


Tetrahydroquinoline. 


Wave-lengths. 


Monomethyl-o-toluidine. 


6-A minotetrahydroquinoline hydrochloride. 


= 


2 : 5-Tolylenediamine hydrochloride. 


(2) The absorption curve shown by a hydrogenated quinoline com- 
pound is very similar in its general form to that of the corresponding 
alkylated aromatic amine. Hence the resemblance of these two series 
of compounds is proved spectrographically as well as chemically. 

(3) As the degree of hydrogenation increases in a quinoline com- 
pound, the tendency to exhibit distinct absorption bands decreases. 
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(4) A quinoline compound of a higher molecular weight shows 
more bands than one of a lower molecular weight. 


Fia. 6. 


Logarithms of molecular extinction 
coefficients 
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Tetrahydro-B-naphthaquinoline. 1-Methyl-2-naphthylamine. 


(5) Although «- and $-naphthaquinolines show rather similar 
absorption, that of their tetrahydro-derivatives is entirely different. 


Judging from the results obtained above, it might be safely 
NHR 


‘NR 
ff 


/ ¥ 
predicted that a compound having a structure | will 
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Fia. 8. Fia. 12. 
Wave-lengths. 
a 


o 
nN 


ar-Octahydro-a-naphthaquinoline. ar-Octahydro-B-naphthaquinoline. 


show an absorption curve similar to that of tetrahydro-«-naphtha- 
quinoline, and so on. 

The antiseptic properties of some of these quinoline compounds 
were examined by Prof. C. H. Browning of Glasgow University, 
vith the following results : 


Staphylococcus Staphylococcus 
pyogenes aureus pyogenes Bacillus 
in peptone aureus in Bacillus coli in colt in 
Compound. water. serum. peptone water. serum. 

Quinoline 1 : 4000+- 1: 1000+- 1 : 2000-++- 1: 1000-+- 
hydrochloride. 1 : 2000 — ?— 1: 1000— ?— 

Tetrahydro- 1 : 2000-+- 1: 1000+- 1: 1000+- 1: 1000-- 
quinoline 1: 1000— t— ?— ?— 
hydrochloride. 

Methyltetra- 1; 1000+- 1: 1000+- : 1000 +- : 1000-+ 
hydroquinoline ?— (some ppt. ?— ?— 
methiodide. ?— 

«Naphtha- 10,000 4- 1: 2000+ : 2000 +-(ppt.) : 1000+ 
quinoline 1 : 4000 — 1: 1000 inhib. | : 1000—(ppt.) ?— 
hydrochloride. 

Tetrahydro- 1: 10,000 +- 1: 1000+ : 10,000--(ppt.) 1: 1000+ 
a-naphtha- 1 : 4000 —(ppt.) ?— 1 : 4000 —(ppt.) ?— 
quinoline 
hydrochloride. 

-Naphtha- 1 : 10,000 +- : 2000-+- : 10,000+ : 1000+- 
quinoline 1:4000—(ppt.) 1:1000 inhib. 1 :4000—(ppt.) oe 
hydrochloride. 

Tetrahydro- 1: 10,000-++ 1: 2000+ 1 : 4000+} (ppt.) : 1000+ 
8-naphtha- 1: 2000—(ppt.) 1: 1000 inhib. 1 : 2000—(ppt.) ?— 
quinoline 
hydrochloride. 


+ = Vigorous growth. inhib. = Inhibition of growth. 
— = Sterility after twenty-four to forty-eight hours. 
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ExPERIMENTAL. 


Tetrahydroquinoline. 


Quinoline was reduced with tin and hydrochloric acid according 
to Hoffmann’s method (Ber., 1883, 16, 728). The crude tetra. 
hydroquinoline, containing some unchanged quinoline, was warmed 
with concentrated hydrochloric acid on a water-bath until crystak 
of the hydrochloride appeared. The hydrochloride was presse 
on @ porous plate and washed with a little hot benzene, and the 
recrystallised from alcohol. The hydrochloride, consisting 
colourless, slender needles, melted at 180—181°. 

The free base was obtained from its hydrochloride as an almost 
colourless oil, boiling at 160°/72 mm. 


6-A minotetrahydroquinoline. 


This compound was prepared according to Bamberger (Annale, 
1890, 257, 24) by combining tetrahydroquinoline hydrochloride 
with diazotised sulphanilic acid and subsequently reducing th 
azo-compound with stannous chloride. 

The free base crystallises from benzene in colourless leafiets 
m. p. 97°, and is extremely oxidisable, changing slowly into 


a black mass. It was kept in the form of the hydrochloride (m. p. 
243°), which was quite stable. 


Methyltetrahydroquinoline methiodide. 


Tetrahydroquinoline, obtained from 2 grams of the hydn 
chloride, was mixed with 14 grams of freshly distilled methy! 
iodide, whereby oily drops soon appeared, which gradually solidifiei 
to a crystalline mass (Hoffmann and Kénigs, Ber., 1883, 16, 
732; Wedekind, Ber., 1902, 35, 773). It was warmed on tle 
water-bath for one hour and left to stand overnight. After a 
excess of methyl iodide had been driven off, the residue was dis 
solved in water, made alkaline with ammonia, and the separated 
oil extracted with ether. The aqueous solution, thus freed from 
any kairoline, was evaporated nearly to dryness on the water 
bath, and the residue dissolved in hot alcohol and _ precipitated 
by careful addition of ether. This procedure was repeated sever 
times to obtain the methiodide in colourless needles, which melted 
at about 172° with decomposition. 


Monomethyl-o-toluidine. 


Crude monomethyl-o-toluidine was prepared by heating 23 gral 
of o-toluidine, 12-3 grams of methyl alcohol (acetone-free) at! 
21-5 grams of concentrated hydrochloric acid in a sealed tilt 
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at 200—220° for eight hours (Nélting, Ber., 1878, 11, 2278). It 
was converted into its nitroso-compound, and by subsequent re- 
duction by stannous chloride the pure monomethyl compound 
was obtained as a colourless oil, when freshly distilled; but it soon 
: oxidised and became discoloured. It boiled at 206—208°. 


2 : 5-Tolylenediamine. 


5-Nitro-o-toluidine (Beilstein and Kuhlberg, Annalen, 1871, 
158, 348, 352).—Eight grams of powdered aceto-o-toluidide were 
added little by little to 28 grams of fuming nitric acid which had 
been previously cooled by a freezing mixture. Nitration was 
carried out at about — 5°. The mixture was left to stand over- 
night, then poured into a large bulk of cold water, whereby the 
nitro-product separated as a yellow precipitate, which was subse- 
quently hydrolysed with boiling dilute sulphuric acid (30 grams 
of concentrated acid in 90 c.c. of water). After all had been 
hydrolysed, it was subjected to steam distillation (Cohen and Dakin, 
T., 1901, 79, 1127), in the course of which a small amount of 3-nitro- 
o-toluidine distilled with water as fine, orange-yellow needles 
(m. p. 92—97°). The residue in the flask was made alkaline with 
ammonia, and the 5-nitro-o-toluidine separated and purified by 
recrystallisation from a large bulk of hot water. It was obtained 
in lemon-yellow needles, m. p. 134—135°. 

2: 5-Tolylenediamine.—5-Nitro-o-toluidine was easily reduced by 
granulated tin and concentrated hydrochloric acid. Colourless 
plates of the tin double salt of the base separated from the 


YB cooled filtrate, which were dissolved in water and decomposed 


by hydrogen sulphide. Slightly greyish-white hydrochloride of 
‘@2:5-tolylenediamine was obtained by evaporating the filtrate 
from tin sulphide. The free base is very unstable. 


1:2:3: 4-T'etrahydro-«-naphthaquinoline. 


Tetrahydro-«-naphthaquinoline was prepared according to Bam- 
berger’s method (Ber., 1891, 24, 2475) by reducing «-naphtha- 
quinoline with tin and hydrochloric acid. 

The hydrochloride, which crystallises from alcohol in thick, 
colourless prisms, melts at 260° with decomposition. The free 
base melts at about 45°. 


1:2:3:4:7:8:9: 10-Octahydro-«-naphthaquinoline. 


«-Naphthaquinoline was reduced with metallic sodium and 
boiling amyl alcohol according to the method of Bamberger and 
Stettenheimer (Ber., 1891, 24, 2488). 
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The base was purified by distillation in a vacuum, and boiled 
192—193°/8—10 mm. 


1:2:3: 4-Tetrahydro-B-naphthaquinoline. 


This compound was obtained in the same way as the «-com. 
pound, by reducing @-naphthaquinoline with tin and hydrochloric 
acid (Bamberger and Miiller, Ber., 1891, 24, 2643). 

The hydrochloride crystallises from hydrochloric acid in colouw- 
less leaflets, which shrink and then melt at 231°. 


1:2:3:4:7:8:9: 10-Octahydro-8-naphthaquinoline. 
6-Naphthaquinoline was treated like the «-compound with sodium 
and amyl alcohol (Bamberger and Miiller, Ber., 1891, 24, 2658). 4 
trace of ac-octahydro-compound was precipitated as carbonate by 
passing a current of carbon dioxide through the ethereal solution 
of the reduced products. The base was purified by distillation 
under reduced pressure. 


1-Methyl-2-naphihylamine. 


This compound was prepared according to the method of Fries 
and Hiibner (Ber., 1906, 39, 439). The scheme of reactions is a 


follows : 
CH, 


aa: /\/\on Ho)” >) 


CHyCONaj | | 


| | ; rs 
Way ee \A\/ VV 


2 : 2’-Dihydroxydi-a-naphthylmethane 
CH, CH, 
Noon + Zn a Now Ho ee din: a Y \ 
—_—> 
) / LA ie 


2’-Dihydroxydi-«-naphthylmethane crystallises from glacial 
acetic acid in a felted mass of colourless needles, m. p. 199-5—200". 
1-Methyl-2-naphthol crystallises from hot water in colourless 
fibrous needles, m. p. 110°. 
1-Methyl-2-naphthylamine.—In order to replace the hydroxy! 
group of 1-methyl-2-naphthol by the amino-group, Bucherer’ 
method of conversion of $-naphthol into $-naphthylamine wa 
tried (J. pr. Chem., 1904, [ii], 69, 88), that is, heating 3 grams of 
1-methyl-2- naphthol with a mixture of 5 c.c. of 40 per cent. “solution 
of ammonium sulphite and 5 c.c. of concentrated ammonia in * 
sealed tube at 150—160° for seven hours. But no change w%& 
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ound to have taken place, due probably to the steric hindrance 
of the methyl group in the ortho-position to the hydroxy-group. 
Amination, however, can be brought about by heating the 
naphthol with four times its weight of calcium chloride-ammonia 
in a sealed tube at 270° for eight hours. 
1-Methyl-2-naphthylamine crystallises from light petroleum in 
thick, colourless prisms, m. p. 50—51°. 


Spectrography. 
The experiments were carried out by using Adam Hilger’s rotating 
sector spectrophotometric attachment, the spark from a nickel-iron 


alloy being employed as a source of light. 
The absorption curves are drawn on wave-lengths against 


logarithms of molecular extinction coefficients, log (‘°) ~- dc, where 


|, and J are the intensities of the incident and emergent light 
respectively, d the thickness of the absorbing layer, and c the 
molecular concentration. 


The authors take this opportunity to express their hearty thanks 
to Prof. E. C. C. Baly, of Liverpool University, for his kindness 
in placing his spectrophotometer at their service. 


THe OrnGANIC CHEMICAL LABORATORIES, 
THE University, LEEDS. [Received, March 18th, 1921.] 


LXXX.—Interaction of Acetylene and Mercuric 
Chloride. Part Il. 


By WituiaM Jos JENKINS. 


ly a former communication by Chapman and Jenkins (T., 1919, 
115, 847) an account was given of a new method of preparing 
Biginelli’s additive compound of mercuric chloride and acetylene 
(Biginelli, Ann. Farm. Chem., 1898, 16; Brame, T., 1905, 87, 427), 
to which the constitutional formula ClHg-HC:CHCl has been 
assigned. It has since been found that the yield of this compound 
obtained by the method therein described can be considerably 
improved if purified acetylene * is used in the preparation. Further- 

* The purification of acetylene from those contaminating gases, which 
vould interact with mercuric chloride or its additive compound with acety]- 
‘ue, was found to be most conveniently effected by passing the impure gas 


through a heated glass tube packed loosely with slaked lime. The acetylene 
purified in this way had entirely lost its unpleasant odour. 
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more, the compound made from purified acetylene is much mor 
stable than that obtained from the impure gas, and does not ey. 
hibit signs of melting, when quickly heated, until its temperatur 
has been raised to 129°. 

From the constitution assigned to Biginelli’s compound, it 
seemed reasonable to conclude that other additive compounds of 
mercuric chloride and acetylene should be capable of existence, 
Thus two molecules of acetylene might unite with one molecule of 
mercuric chloride to form a compound having the formul 
CHCIL:CH-Hg-CH:CHCl (I), or one molecule of acetylene might 
unite with two molecules of mercuric chloride to form a saturated 
compound with the constitutional formula (ClHg),CH-CHCI, (Il). 

My efforts to obtain either of these two compounds by direct 
combination of acetylene and mercuric chloride have been futile. 
I have, however, succeeded in preparing compound (I) by an in. 
direct method, namely, the removal of one molecule of mercuric 
chloride from Biginelli’s compound. Up to the present I have 
been able to discover only one reagent—ammonia—by means 
of which this removal of mercuric chloride could be effected, 
the action being represented by the equation 


2NH, + 2CHCI°-CH-HgCl = CHCI°-CH-Hg-CH:CHCI + Hg(NH,C)),. 


I have not, as yet, succeeded in preparing the saturated compound, 

When dry ammonia was bubbled through a solution of the 
compound HgCl,,C,H, in dry chloroform, a white precipitate was 
formed immediately, but more than an hour was required to com- 
plete the precipitation. There was no evidence that acetylene was 
liberated during the reaction. On heating, the white precipitate 
fused, with evolution of ammonia, and sublimed as mercuric 
chloride. 

The analysis of the substance (Found: C =1:09; H = 2°05; 
Cl = 20°57; NH,= 10°60; Hg = 64°80 per cent.), and its pro 
perties, prove that it is rather impure fusible white precipitate. 

From the filtrate, after concentration, white crystals separated 
(Found: C = 13°99, 14°30; H = 1°27, 1:23; Cl=21‘11; Hg= 
62°02. HgCl,,2C,H, requires C = 14°84; H = 1:24; Cl = 21%; 
Hg = 61°94 per cent.). 

This new additive compound is a well-defined, crystalline sub- 
stance, m. p. 60°, very soluble in ether, chloroform, or benzene. 
It can also be prepared together with fusible white precipitate by 
passing ammonia into a solution of the compound HgCl,,C,H, it 
benzene. When a concentrated solution of the new compound it 
chloroform or benzene was heated for some time, acetylene was 
slowly evolved and crystals of Biginelli’s compound separated. 
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Formula (I) appears to represent satisfactorily the properties of 


Bihe new additive compound, so far as these are at present known. 


It will be observed that the formule assigned to Biginelli’s com- 
pound and the new compound represent them as being similarly 
constituted to the mercury alkyl haloids and the mercury dialkyls 
respectively, and, accordingly, account for the circumstance that 


Hite melting point of the new compound is 70° lower than that of 
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Biginelli’s compound. 


The above work was carried out at the Sir Leoline Jenkins 
laboratories, Jesus College, Oxford, and I wish to record my thanks 
to Mr. Chapman, F.R.S., for his advice and help. 


Tue CHEMICAL DEPARTMENT, 
UNIVERSITY OF BRISTOL. [Received, April 9th, 1921.] 


LXXXI.—The Catalytic Oxidation of Ferrous Salts 
in Acid Solutions. 


By RicHarp Tuomas and Epwarp THomas WILLIAMs. 


Ferrous salts are reputed to be easily oxidised on exposure to 
ait, and text-books of analytical chemistry prescribe elaborate 
precautions for the exclusion of air in making up standard solutions 
ofthese salts. In point of fact, acid solutions of ferrous salts are 
not easily oxidised, even in the presence of certain well-known 
oxygen carriers such as compounds of manganese, cobalt, etc. 
Baskerville and Stevenson (J. Amer. Chem. Soc., 1911, 33, 1105) 
lave shown that there is no detectable oxidation of a solution of 
ftrous ammonium sulphate acidified with sulphuric acid through 
thich air or oxygen has been passed for several hours. Similar results 
vere obtained with ferrous sulphate, and these authors conclude 
that at the ordinary temperature in acid and neutral solutions, 
ihe ferrous ion is so slowly oxidised, and the oxidation so slightly 
iiected by such substances as are apt to be present, that in ordinary 
‘timations of iron by titration with potassium permanganate, 
apulsion of air during reduction by zine is unnecessary, and the 
tation may be performed at leisure. 

Ennos (Proc. Camb. Phil. Soc., 1913, 17, 182) passed air at the rate 
if] litre every three hours through 0-1N-solution of ferrous sulphate 
25° and found that 0-03 per cent. of the sulphate was oxidised 
ter one hour. He also found that this rate is doubled with a 
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rise of temperature of 10°, and that at 60° the rate of oxidatiogg!t™¥S 
of the chloride is only about one-tenth that of the sulphate. Ennogg! ¥° ™ 
further states that the reaction is of the second order as reganigl! oxidi 
ferrous sulphate, and is proportional to the partial pressure ote mt 
oxygen. He regards the oxidation as depending on the non-ionise absorpt 
molecules of the ferrous salt. of the : 

As already mentioned in the preceding paragraph, most of thag "4% 
usual well-known oxygen carriers have comparatively little catalytic Itai 
effect on the oxidation of ferrous salts in acid and neutral solutions" »® b 
The action of oxides of nitrogen as catalysts for this reaction appear then if 
to be specific. McCulloch (Eng. Pat. 17112, 1894) described ag°me™* 
process for oxidising ferrous compounds to ferric compounds ing ows 
acid solution by means of air, using nitric oxide as an oxygen 
carrier. A dynamical study of the catalytic effect produced by 
nitric oxide or nitrogen trioxide affords some interesting side. 
lights on catalysis generally, and the present communication 
embodies some of the results obtained. 


which ¢ 


The va 
EXPERIMENTAL. tion (1) 

‘The apparatus employed for studying the catalytic oxidation off Twel 
ferrous salts by oxygen in the presence of nitric oxide was sub-§ hydroc 
stantially the same as one already used by one of us (Thomas,§ toa te 
J. Soc. Chem. Ind., 1920, 39, 1017) for investigating the addition off just su 
hydrogen to unsaturated glycerides in the presence of nickel as§ chlorid 
catalyst. Solutions of ferrous chloride with hydrochloric acid and § of the 
the catalyst were shaken with oxygen, and the rate of absorption 
of the latter at atmospheric pressure was measured. The nitric 
oxide was conveniently added in the form of sodium nitrite, which 
furnishes the oxide immediately with the ferrous salt and hydro- 
chloric acid. 

The effects of temperature, concentration of ferrous chloride, and ) 
concentration of nitric oxide on the rate of reaction were deter- 
mined with the following results. It was found that under all 7 
conditions the rate of absorption of oxygen was inversely pro | 
portional to the concentration of ferrous chloride, so that the 
oxidation proceeds with an acceleration, in spite of the fact that® The 
the active mass of the substance undergoing oxidation is decreasing: § is the 
This is at first sight suggestive of autocatalysis by the ferric chloride § colum, 
produced. Such is not the case, however, as can easily be shown 
by constructing velocity equations on this assumption. Further, 
it is negatived by the fact that the foregoing result holds good for 
varying initial concentrations of ferrous chloride; the rate at which 
oxygen is absorbed is doubled when the initial concentration o 


Tab 
chloric 
VOL 
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oF 

<idatioggterous chloride is halved, which would naturally not be the case 
nogfii we are dealing with autocatalysis brought about by the product 

regarigg! oxidation. Finally, the suggestion is contrary to the fact that 


Hihe initial addition of ferric chloride produces no increased rate of 
absorption. We must therefore seek elsewhere for an explanation 
of the retarding effect of ferrous salt concentration on its rate of 
oxidation. The significance of this result will be discussed later. 

If a is the initial concentration of ferrous chloride, and an amount 
rhas been transformed to ferric chloride after an interval of time ¢, 
then if the rate of the reaction is inversely proportional to the 
encentration of ferrous salt, the velocity equations will be as 


sure 9 
-lonised 


of the 
utalytic 
lutions 
Lppea , 


ibed 3 - 
- Mm follows : 
nds in de k 
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ication xa—s)=le. . os ak, 


The values of & in the tables given below are derived from equa- 
tion (i). 
TABLE I. 
ion off Twelve grams of ferrous chloride tetrahydrate, 2:2 grams of 
3 sub-§f hydrochloric acid, and 0-12 gram of sodium nitrite were made up 
omas,§ toa total volume of 35 c.c. with water. The hydrochloric acid is 
ion off just sufficient in amount to prevent the formation of basic ferric 


cel asf chloride and the quantity of sodium nitrite is 1-56 per cent. of that 
1 and § of the ferrous chloride. Temperature 20°. 
ption . b 
nitric C.e. of C.c. of : 
which Time in oxygen oxygen 
stn minutes. absorbed. k. absorbed. k 
y 4 50 4180 48 4032 
6 76 4079 75 4037 
: and 8 104 4004 100 3875 
Leben 10 132 3882 —- _ 
12 163 3800 160 3733 
r all 14 200 3720 203 3741 
pro- 16 250 3730 — — 
18 — — 299 3500 
_ the 20 350 — 349 — 
t , . ‘ 
tha The total possible oxygen absorption is 360 c.c. at 16°. This 


sing: @ is the value of a in equation (i), and x is obtained from the second 
pride column. 


own 
8 Influence of Initial Concentration of Ferrous Chloride. 
hich @ lable II shows the effect of the initial concentration of ferrous 


thloride on the velocity of absorption of oxygen. The amount of 
VOL, CXIX. DD 


n of 
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sodium nitrite is the same as in Table I, whilst the quantity the v 
hydrochloric acid is varied in the same proportion as the ferroy 


salt. 
TABLE II. 


Temperature 20°. 


a. b. 
6 Grams of FeCl,,4H,O. 15 Grams of FeCl,,4H,0. 
C.c. of C.c. of 
Time in oxygen ab- Time in oxygen ab- 

minutes. sorbed. k. minutes. sorbed. 
3887 4 35 
3875 8 74 
3780 12 116 
3686 16 158 
— 20 210 
26 300 
32 426 


The total possible oxygen absorption is 180 c.c. in the first cas 
and 450 c.c. in the second. 

It will be seen from the above figures that the time required 
for a given oxygen absorption is proportional to the _ initial 
concentration of ferrous chloride. The velocity equation having 
been deduced on the assumption that the rate of absorption is 
inversely proportional to the ferrous salt concentration, /—the 
velocity of the reaction at unit concentration—remains constant. 


Influence of Concentration of the Caialyst. 


The effect of the concentration of the catalyst (nitric oxide) on 
the rate of oxidation of ferrous chloride was next investigated. 
The quantities of ferrous chloride tetrahydrate were as in Table |, 
whilst 0-06 gram (a), 0-12 gram (6), and 0-24 gram (c) of sodium 
nitrite were used respectively. 


TaBLe III. 


a. b. c. 
C.c. of C.c. of C.c. of 
Time in oxygen Time in oxygen Time in oxygen 
minutes. absorbed. k. minutes. absorbed. &. minutes. absorbed. -. 
6 30 1725 4 48 4032 2 58 9399 
15 80 1706 6 75 4037 3 90 9450 
21 109 1600 8 100 3875 4 130 9588 
24 130 1600 12 160 3733 5 172 9430 
30 170 1560 14 203 3741 6 225 9300 
16 250 3680 300 (9000) 
20 349 — 8 acC<‘ 


By increasing the amount of sodium nitrite from 0-06 gram to 
0-12 gram the rate of absorption of oxygen is increased 2-4 times, 
whilst when the amount is increased from 0-12 gram to 0-24 grail, 
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tity ofthe velocity is increased 2-3 times. Thus the rate of reaction is 
ferrous approximately proportional to the concentration of the catalyst. 


Influence of Temperature. 


The quantities of the various substances were as in Table I, 
and the temperature was 30°. 


. TaBLe LV. 
378) Time in C.c. of oxygen Time in C.c. of oxygen 
3820 minutes. absorbed. k. minutes. absorbed. 


3789 40 6800 6 
3670 62 6820 S 
3623 86 6815 10 
3500 112 6809 12 


An increase of temperature of 10° brings about a 1-8-fold increase 

st cast Bin velocity. 
Effect of Hydrochloric Acid. 

The following results show that hydrochloric acid has no effect 
having go the velocity of the reaction. In the first case there is enough 
ion is gid to prevent entirely the formation of any basic ferric chloride, 
l-the namely, 2-2 grams for 12 grams of the tetrahydrate. In the second 
case the quantity of acid was reduced to 0-22 gram, which is but 
little more than the amount necessary to decompose the sodium 
nitrite (0-12 gram). 


quired 
initial 


ant. 


TABLE V. 


22 Grams of hydrochloric acid. 0°22 Gram of hydrochloric acid. 


Time in C.c. of oxygen Time in C.c. of oxygen 
minutes. absorbed. k. minutes. absorbed. 
50 4180 24 4176 
76 4079 64 4160 
104 4004 94 4196 
132 3882 142 4103 
163 3800 177 4012 
200 3720 250 3920 
250 3730 332 — 
350 --- 


soci bs 


| 
I orbs 


Thus & is independent of the concentration of the hydrochloric 
acid, 


Discussion of Results in Relation to Theories of Catalysis. 


The experiments described above have shown that the rate of 
sorption of oxygen is proportional to the concentration of the 
atalyst, inversely proportional to the concentration of ferrous salt, 
dependent of the concentration of the hydrochloric acid, and is 
most doubled when the temperature is increased by 10°. 

Approximate proportionality between the rate of reaction and 

D D* 
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the concentration of the catalyst is a general feature of catalysis 
The explanation of the retarding influence of high concentration: 
of ferrous chloride is the capability of the salt to form the con. 
pound FeCl,,NO with the catalyst. This is equivalent to a diminu. 
tion of the effective concentration of the nitric oxide. 
In the reversible reaction, 
FeCl,,NO = FeCl, + NO, 

if the initial concentrations of ferrous chloride and nitric oxide are]! 
a and b respectively, and the concentration of FeCl,,NO at equi- 
librium is x, then the concentrations of free nitric oxide and ferrous 
chloride are 6 — x and a — x respectively, and the condition of 
equilibrium is 

(a — x)(b — 2) 


- — wee 


As the ferrous chloride is present in such great preponderance, 
only a very small fraction of the nitric oxide will exist as such, 
most of it being present as a complex with the chloride. Any 
alteration of concentration of ferrous chloride will therefore scarcely 
affect the concentration of FeCl,,NO, whilst it will have a relatively 
considerable influence on the smaller quantity, namely, the amount 
of free nitric oxide. More precisely, in the above equation, when 


a is very large z is almost equal to b, so that the expression reduces 
to 


(a — x)(b — x) = Kb 
Kb- 


a—cz 


orb —2 = (iii) 

that is, the concentration of free nitric oxide (the catalyst) is inversely 
proportional to the concentration of ferrous chloride. As the 
rate of absorption of oxygen is proportional to the concentration 
of the catalyst, it is now clear why it should be inversely propor § 
tional to the concentration of the ferrous salt. Amongst the varioug)’ 
alternative theories put forward to explain catalytic phenomena, 
the “intermediate compound theory” has been much favoured 
by various investigators. Whilst in a considerable number of 
catalytic reactions definite evidence has been brought forward to 
prove the existence of intermediately formed compounds of the 
catalyst and one of the reactants, in other cases, problemati¢ 
loose compounds and “ complexes ’’ have been postulated in order 
to bring the reactions within the purlieus of the theory. Even 
in cases in which intermediate compounds or complexes have bee! 
demonstrated beyond doubt, it does not by any means follo 
without further argument that such compound formation 1s the 
mechanism by which the reaction proceeds. ‘Thus according t 
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is #Rideal and Taylor (“Catalysis in Theory and Practice,” p. 39), 
in the preparation of sulphuric acid by the oxidation of sulphur 
‘Biioxide in the presence of oxides of nitrogen, nitrosylsulphuric 


iminu-M sid has been isolated as an intermediate compound, yet evidence 


is not lacking to show that oxidation can proceed without its 
formation. 

The reaction under consideration in this communication is 
interesting from the fact that the catalyst (nitric oxide) is able to 
. Bform compounds with both reactants (ferrous chloride and oxygen). 
‘Phat the capability of the catalyst to form a complex with one of 

the reacting substances is not always an advantage is illustrated 
in the effect such a complex formation—FeCl,,NO—has on the 
rate of oxidation of ferrous chloride. It has been clearly demon- 
strated in the foregoing experiments that in this case complex 
formation leads to a retardation of the main reaction. 

That the reaction occurs through the alternate formation and 
reduction of nitrogen peroxide is, however, beyond doubt. The 
‘Bseries of reactions is : 


NO + 0=NO, 
2FeCl, + NO, + H,O = 2Fe(OH)Cl, + NO 
Fe(OH)CI, +- HCl = FeCl, + H,0. 


The measurable reaction is the first, namely, the oxidation of 
uitric oxide, the other reactions being immeasurably fast. This 
explanation is in accordance with the experimental data, namely, 
that the rate of reaction is proportional to the concentration of 
litric oxide, and that it is inversely proportional to the concen- 


versely “ation of ferrous chloride, as already explained. It is also in accord 


gvith the fact that the velocity is independent of the concentration 
of the hydrochloric acid. 
It is worthy of note that the oxidation of nitric oxide follows a 


ious °Mewhat different course in the presence and in the absence of 


grater (Abegg, “Handbuch der anorganische Chemie,” III, 3, 
). 143). With dry oxygen, the reaction is termolecular, according 
to the equation 


2NO + 0, = N,0,(= 2NO,). 


this reaction has been the subject of very careful investigation in 
‘anexion with the lead-chamber process for making sulphuric 
«id. Lunge and Berl (Zeiisch. angew. Chem., 1906, 19, 807) and 
bodenstein (Zeitsch. Elektrochem., 1910, 16, 876) have shown 
‘melusively that the reaction leads directly to nitrogen peroxide 
BMthout intermediate formation of nitrogen trioxide, the formation 
J which is maintained by Raschig (Zeitsch. angew. Chem., 1904, 
17,1777). Bodenstein (Joc. cit.) has made the further interesting 


756 THOMAS AND WILLIAMS : THE CATALYTIC OXIDATION OF 


observation that the reaction has a negative temperature coefficient 
at the ordinary temperature, and proceeds faster at 0° than at 15°, 
The experiments described in the foregoing pages show that 
under our experimental conditions the reaction is unimolecular 
with reference to the nitric oxide, and it proceeds therefore according 
to the equation : 
NO + 0 = NO,, 
the rate of absorption of oxygen being proportional to the concen. 
tration of nitric oxide. In this respect it resembles reactions such 
as the oxidation of sulphur dioxide (Bedlinder, Zeitsch. Elektro. 
chem., 1903, 9, 559, 787) and the oxidation of carbon monoxide 
(Bodenstein, Zeitsch. physikal. Chem., 1898, 25, 419), which behave 
like unimolecular reactions and are classed as surface-reactions, 
The equilibrium between nitric oxide and ferrous salts has been 
the subject of detailed study by Manchot and Zechentmayer 
(Annalen, 1906, 350, 368). These authors investigated the influence 
of temperature, pressure, etc., on the amount of nitric oxide in 
combination with ferrous chloride and ferrous sulphate. At 
ordinary pressure the formation of the complex is complete at 0°, 
whilst at 45° the dissociation is more than 80 per cent. With an 
excess of ferrous salt, the dissociation is, of course, diminished, 
and we calculate from the results of their experiments on the 
variation of the equilibrium constant with temperature that, under 
the conditions of our experiments, the amount of free nitric oxide 
at 30° is 2:3 times greater than the amount at 20°, being in both 
instances very small compared with the amount in combination. 
On this account alone, the velocity of the reaction should be 23 
times as great at 30° as at 20°. The actual ratio of kgg2 to ky Was 
only 1-8, so that increasing the temperature from 20° to 30° leads 
to a diminution in the velocity of the reaction 


NO + 0=NO,, 


a result in agreement with Bodenstein’s observations ((oc. cit.) on 
the temperature coefficient of the reaction 


2NO + 0, = 2NO,. 


The mechanism of the catalytic action of nitric oxide on the oxida- 
tion of ferrous salts by air or oxygen is thus clearly the oscillation 
of the oxide of nitrogen between two states of oxidation. 

Whilst the “intermediate compound theory” can be employed 


to advantage in explaining catalysis in homogeneous systems, for 


purely heterogeneous catalysis in which the catalyst is a solid 
the adsorption theory is more generally applicable. The mechanism 
of reactions in the presence of a catalyst (solid), in which there ® 


ording 


oncen- 
1S such 
jlektro- 
noxide 
behave 
ms, 

s been 
mayer 
Tuence 
ide in 
ep, At 
at 0°, 
ith an 
‘ished, 
n the 
under 
oxide 
| both 
ation. 
ye 23 
> Was 


FERROUS SALTS IN ACID SOLUTIONS. 757 


no definite evidence of the formation of a compound or complex 
between the catalyst and either of the reactants, can be sufficiently 
yell explained on the basis of this theory. In most cases of hetero- 
geneous catalysis, adsorption of one or both of the reacting sub- 
stances by the catalyst in measurable quantities can be shown to 
take place. The adsorption theory is more acceptable, therefore, 
than the postulation of unknown compounds or complexes, the 
existence of which is very problematic. 

Here again the existence of adsorption is not, of itself, a proof 
that the reaction is brought about through its agency. Silica 
gel (McGavack and Patrick, J. Amer. Chem. Soc., 1920, 42, 946) 
has a very marked adsorptive capacity, yet it does not function 
to any extent as a catalyst in bringing about gaseous reactions. 
It has been shown by one of us (J. Soc. Chem. Ind., loc. cit.) that 
the experimental data on the rate of addition of hydrogen to olein 
in the presence of nickel can be explained by the adsorption of 
hydrogen by the metal together with the dissociation of the adsorbed 
hydrogen into its atoms. Lewis (T., 1920, 117, 638) has further 
shown that the observed velocity constant of such a reaction can 
be calculated, as regards the order of magnitude, from an expression 
deduced on the basis of the number of “favourable” collisions 
between nickel particles (charged with hydrogen) and olein mole- 
cules, ‘‘ favourable ’’ collisions being defined as occurring between 
molecules which have received the critical increment of energy. 

With a view to the further elucidation of the mechanism of 
catalytic processes, in particular those involving the addition of 
hydrogen to unsaturated substances, Taylor (J. Ind. Eng. Chem., 
1921, 13, 75) has measured the adsorption of different gases by 
finely divided nickel and copper. He finds a greater adsorption 
by the metals of the unsaturated compound (ethylene) than of 
hydrogen, and is inclined, on that account, to the view that hydro- 
genation occurs through the adsorptive power of the metal for the 
usaturated body rather than through its power of adsorbing 
hydrogen. He has not, however, shown that the kinetics of the 
reaction are in accord with such an explanation. 

There are certain points of resemblance between the oxidation 
of ferrous salts by oxygen in the presence of nitric oxide and the 
hydrogenation of an unsaturated organic compound like ethylene 
in the presence of nickel. In the former case, the catalyst (nitric 
oxide) can form a compound with either ferrous salt or oxygen, 
vhilst in the latter the catalyst (nickel) can adsorb either ethylene 
or hydrogen. 

It has been shown in this communication that the formation of 
the complex FeCl,,NO retards the oxidation of ferrous chloride, 
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whilst the reaction is brought about through the union of th 
catalyst with the other reactant, oxygen. The point we wish t 
emphasise is, therefore, the fact that, in catalytic reactions, th 
existence of a compound or complex between the catalyst anj 
one of the reacting substances is not evidence in itself that suc 
compound formation is the mechanism by which the reactig, 
proceeds. Similarly, in reactions explicable on the adsorption 
theory of catalysis, the fact that one reactant is adsorbed by the 
catalyst to a greater extent than the other is not proof that the 
adsorption of the former is the determining factor. Adsorption 
per se does not determine chemical reactivity, as witness the cay 
of silica gel already mentioned. The final criterion in all cases js 
the correlation of these facts with reaction velocity. 
RESEARCH LABORATORY, 


Messrs. Lever Bros., Lrp., 
Port SuNtLIGHT, CHESHIRE, [Received, March 18th, 1921,] 


LXXXII.—Ethylstannic Acid and Derivatives. 


By Joun GERALD FREDERICK DRUCE. 


THE potassium salt of ethylstannic acid has been produced by 
the interaction of stannous chloride, ethyl bromide, and potassium 
hydroxide : 

SnCl, + C,H;Br + 4KOH = C,H,-Sn0-OK + 2KCl + KBr + 2H,0. 

Goldschmidt and Eckardt (Zeitsch. physikal. Chem., 1906, 56, 
385) showed that when “stannous hydroxide” was dissolved in 
potassium hydroxide solution, potassium hydrogen stannite, 
KHSnO,, was formed and not the normal salt, K,SnO,. They 
concluded that the hydroxide functioned as a monobasic acid 
and adhered to the formula H-SnO-OK for potassium hydrogen 
stannite, advanced by Hantzsch (Zeitsch. anorg. Chem., 1902, 30, 
289), according to which the tin is quadrivalent. To the new 
acid and methylstannic acid (Meyer, Ber., 1883, 16, 1442) would 
similarly be assigned a formula, R-SnO-OH, on account of their 
apparent analogy with the fatty acids. 

Since there can be no oxidation of stannous tin to stannic, it 
was thought desirable to seek an explanation of these reactions 
which would take this into account. According to Brauner 
(“‘ Analysa Kvalitativni,” p. 164), the central atom of additive 
compounds has the property of increasing its positive valency 
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and its negative valency simultaneously, each by the same number 
of units, which corresponds in the electronic conception of valency 
with the gaining and simultaneous yielding of valency electrons, 
so that the total valency remains the same. 

If the direction in which the electrons are attracted be indicated 
by arrows, the formula for ethylstannic acid becomes 


ZO _(OC,H5) 
n H — Sn 
0,H,7 ‘So No 


Of these atoms, hydrogen loses its valency electron most readily, 
thus H — is ionogenic. Tin, however, remains positively bivalent 
(its valency being + 3 — 1). 

When treated with concentrated hydrobromic acid, ethylstannic 
acid dissolved and yielded ethylstannic tribromide, C,H,*SnBrsy. 
The corresponding iodide could not be produced, and the chloride 
was isolated in combination with hydrochloric acid. 

Denoting by arrows the directions in which the valency electrons 
are attracted, these compounds can be represented by formulz 
and II: 


Br 
Br oe: HV. Br 


~~ Br 


ff 
C,H, —- Sn—Br —Sn— 


(I.) (III.) 


The formation of I may be preceded by that of III, but since 
the heavy bromine atom would tend to break off (as is known 
from experience in ionisation processes), the H-atom must simul- 
taneously leave the tin. The failure to isolate compounds with 
iodine may be due to the disunion of all the heavy iodine atoms : 

H(C,H;)SnI, = HI + C,H,I + Snl,. 

Ethylstannic acid dissolved in alkali hydroxide solutions to 
form salts, but when boiled with excess of the alkali yielded diethyl- 
stannic oxide : 

2C,H;*SnO-OK = (C,H;),Sn0O + K,SnO . 

Other metallic salts and basic salts were obtained by precipi- 
tation from the alkali ethylstannates. 

The ammonium salt could not be produced, probably on account 
of the extensive hydrolysis which such a salt would be expected 
to exhibit (compare, for example, ammonium aluminate, Heyrovsky’, 
T., 1920, 117, 1018). 

When heated alone, ethylstannic acid gave a small amount 
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of ethane, and a large quantity of ethyl alcohol, the residuy 
consisting mainly of stannous oxide. 


EXPERIMENTAL 


Ethylstannic Acid, C,H;‘SnO-OH.—A solution of crystallised 
stannous chloride (30 grams) in warm alcohol (100 c.c.) was added 
slowly to a cold solution of potassium hydroxide (46 grams) in 
water (200 c.c.) until the precipitate formed did not redissolve 
on shaking. The mixture was filtered after one hour, ethyl bromide 
(20 grams) added to the filtrate, and the mixture shaken at intervals 
during one hour. After three days the alcohol was evaporated 
on the water-bath, the solution was faintly acidified with dilute 
hydrochloric acid, and the white precipitate collected, washed, 
and dried in the air or over sulphuric acid (Found: Sn = 65°70; 
C = 13°08; H = 3°51. C,H,O,Sn requires Sn = 65°70; C = 13°28; 
H = 3°33 per cent.). 

When first precipitated, ethylstannic acid is a white, amorphous, 
gelatinous substance, but on drying it becomes yellowish-browa, 
transparent, and horny. It is infusible, but decomposes below 
red heat on heating in the air, a residue of stannic oxide being 
formed. 

When heated strongly in the absence of air, the acid yielded 
ethane and ethyl alcohol in amounts about 18 per cent. and 55 per 
cent. respectively of those required by the equations 

‘ - C,H, + SnO 
C,H,-Sn0-OH < CHO. + snd 
together with a little water (detected by anhydrous copper sulphate) 
and probably ethylene, as the gas evolved slightly decolorised 
permanganate solution. The grey residue contained stannous oxide, 
as it dissolved to a considerable extent in hydrochloric acid, the 
solution reducing mercuric chloride. 

Ethylstannic acid is insoluble in water, alcohol, ether, xylene, 
aniline, chloroform, and acetic acid, but dissolves in dilute mineral 
acids. The freshly prepared acid also dissolves in sodium and 
potassium hydroxide solutions, but after keeping it becomes almost 
insoluble in these reagents. 

Air-dried material was found to be identical with that kept m 
a desiccator: a sample, 82030 grams, taken from a desiccator 
weighed 8-2037 grams after remaining in a moist atmosphere for 
two days. 

Potassium Salt, C,H;-Sn0-OK.—A frequently shaken mixture of 
potassium hydroxide (1 gram), water (25 c.c.), and ethylstanni 
acid (4 grams) was filtered after some hours from excess of acid 


Lard 
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nd the filtrate evaporated in a desiccator until crystals separated 
warming was inadvisable). The colourless, deliquescent tablets 
btained dissolved easily in water, forming an alkaline solution 
hich became cloudy owing to hydrolysis. Addition of hydro- 
hloric acid precipitated the acid, which redissolved in excess of 
ye precipitant (Found: Sn= 534; K= 182. C,H;0,KSn 
requires Sn = 54-4; K = 17°8 per cent.). 

Sodium Salt.—This salt was prepared in the same way as the 
potassium salt, which it resembled in properties (Found : Sn = 57°9; 
a= 12°8. C,H;O,NaSn requires Sn = 58°6; Na = 11°3 per cent.). 

Copper Salt—The greenish-blue precipitate obtained by mixing 
lutions of cupric chloride (1 gram) and potassium ethylstannate 
3 grams) was filtered, washed, and dried (Found: Cu= 14°6; 
Sn = 542. C,H,,O,CuSn, requires Cu= 149; Sn = 562 per 
ent.). The salt did not melt, but blackened on heating. It 
dissolved in acids with decomposition. 

Magnesium Salt—This was obtained as a white, gelatinous 
precipitate when solutions of magnesium sulphate (2°5 grams) 
ad potassium ethylstannate (4°4 grams) were mixed together. 
The horny mass obtained on drying easily disintegrated into an 
amorphous powder, which decomposed when strongly heated. It 
was insoluble in water, alcohol, and organic solvents, but dissolved 
inmineral acids (Found : Sn = 59°12; Mg = 6°46. C,H,)0,MgSn, 
requires Sn = 61°9; Mg = 6°25 per cent.). 

Barium Salt—Attempts to prepare this salt by dissolving ethy]l- 
stannic acid in barium hydroxide solution failed. It was obtained 
sa white precipitate, resembling the magnesium salt, by mixing 
lutions of barium chloride and potassium ethylstannate (Found : 
h=47:1; Ba = 25°3. C,H,)0,BaSn, requires Sn = 47°9; Ba = 
275 per cent.). 


Ethylstannic Tribromide, C,H;*SnBrs. 


When ethylstannic acid dissolved in hydrobromic acid, b. p. 120°, 
the concentrated solution deposited colourless, feathery crystals, 
vhich did not melt at 310°, but slowly became yellowish-brown. 
Eihylstannic tribromide is soluble in water, but the solution becomes 
doudy as ethylstannic acid is regenerated; it also dissolves in 
tkohol (Found: Sn = 29°87; Br = 61:40. C,H,;Br,Sn requires 
‘= 30°67; Br = 61°85 per cent.). 


Ethylchlorostannic Acid, H,SnEtCl,. 


This acid was obtained by dissolving ethylstannic acid in con- 
‘utrated hydrochloric acid and leaving the solution in a desiccator 
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over solid sodium hydroxide. The colourless, deliquescent pris 
obtained were decomposed by water, and also on heating (Found 
Sn = 35°24; Cl = 55°0. C,H,Cl,Sn requires Sn = 35°15; Cl = 557 
per cent.). 

Potassium Salt, K,SnEtCl;—Potassium chloride (1°5 gram 
and ethylchlorostannic acid (3°3 grams) were dissolved in dilut 
hydrochloric acid, and colourless, deliquescent, infusible crystal 
separated after the concentrated solution had stood over soli 
sodium hydroxide in a desiccator. The salt dissolved in wate 
to a clear solution, which became cloudy on boiling. Hydroge 
sulphide gave a yellow precipitate when passed into a hydn. 
chloric acid solution of the salt (Found: Sn = 30:2; Cl = 441. 
C,H,Cl;K,Sn requires Sn = 29°5; Cl = 43°9 per cent.). 

Aniline Salt, (CgH;*NH,).,H,SnEtCl;—By concentrating a solu. 
tion of aniline hydrochloride (2°6 grams) and ethylchlorostannie 
acid (3°3 grams) in 30 c.c. of dilute hydrochloric acid, small rosettes 
of granular crystals were obtained. The salt did not melt at 305°. 
It dissolved in water to a clear, strongly acid solution, and wa 

‘soluble in methyl and ethyl alcohols, but not in other organi 
solvents. The aqueous solution gave a flocculent precipitate of 
ethylstannic acid on boiling (Found: Sn = 226; Cl= 35+ 
C,,H,,N,Cl,Sn requires Sn = 23°1; Cl = 34°6 per cent.). 


Diethylstannic Oxide. 


Five grams of ethylstannic acid were gradually added to 100 c.. 
of a boiling, 10 per cent. solution of sodium hydroxide. Heating 
was continued for an hour and the insoluble residue was filtered, 
washed until free from alkali, and dried. The white diethy!- 
stannic oxide was infusible, and insoluble in water, but dissolved 
in hot hydrochloric acid solution (compare Pfeiffer, Ber., 1911 
44, 1269) (Found: Sn = 61°4. Calc., Sn = 61°6 per cent.). 


Basic Salis of Ethylstannic Acid. 


The following basic salts of ethylstannic acid were obtained a 
amorphous precipitates on adding solutions of the metal chloride, 
sulphate, or nitrate to a solution of potassium ethylstannateg, 

Silver salt, brown, approximating in composition to the formul 
Ag,0,C,H;*SnO-OAg. 

Zinc salt, white, containing about 19 per cent. of tin and 57 pet 
cent. of zinc. 

Mercuric salt, brownish-black. ' 

Cobalt salt, blue, becoming pale pink on drying and approximating 
in composition to the formula CoO,(C,H;*SnO-O),Co. 
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Nickel salt, pale green; approximate composition, 
NiO,(C,H,;*SnO-O),Ni. 


Manganese salt, white, turning brown. 
Strontium salt, white, containing about 18 per cent. of tin and 


m5 per cent. of strontium. 


All these basic salts were decomposed by acids. 


In conclusion, the author thanks Dr. J. Heyrovsky, of Prague 
University, for directing his attention to Prof. Brauner’s views on 
complex salts. 

CuemicaL LABORATORY, 


BaTTERSEA GRAMMAR SCHOOL, 
Sr. Joun’s Hitt, 8.W. 11. [Received, March 23rd, 1921.] 


LXXXIII.—Note on Dithiocarbazinic Acid. 
By Sma M. Losanircu. 


“Biusz (Jahresber., 1858, 4, 96) has shown that ammonium dithio- 
carbamate is formed by the interaction of ammonia and carbon 
disulphide, 

CS, + 2NH, = NH,°CS-SNH,. 

Ina former publication (Ber., 1891, 24, 3021) I have shown that 
g@vhen reaction takes place between either ammonia or an aliphatic 
#gmine and carbon disulphide in the presence of an aromatic amine, 
-Gults of aryldithiocarbamic acids are formed. Moreover, it has been 
tstablished that the less basic amine is always directly connected 
with the carbon of the dithiocarbamic acid, and the more basic 
amine appears regularly as the cation of the salt : 


CS, + R-NH, + C,H,-NH, = C,H,;-NH-CS-SNH,R. 


| ‘t will be shown in the present paper that the reaction between 
jeqtbon disulphide and hydrazine hydrate, which leads to the 
mation of hydrazine dithiocarbazinate (Curtius and Keidenreich, 
ur, 1894, 27, 58; J. pr. Chem., 1895, [ii], 52, 485), may be ex- 
tnded in a similar way when it takes place in the presence of 
‘umonia or an aliphatic amine. The reaction occurs at room 
lmperature as follows : 
(8, + N,H,,H,O + R-NH, = NH,*NH-CS-SNH,R + H,0O, 
here R = H or Me. 
In this case ammonia or the aliphatic amine, being the stronger 
VOL, CXIX, EE 
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base, forms the cation of the salt, and hydrazine, the weaker base, 
is linked directly to the carbon atom as the hydrazide group. h 
support of the constitution of these salts is the fact that from both 
of them only one ester, NH,-NH-CS-SMe, is obtained by the action 
of methyl iodide, and thereby is excluded the other possible constitu. 
tion for these compounds, namely, NHR-CS-SN,H;. 

It has been further found that by the action of an excess of 
methyl iodide one atom of nitrogen is eliminated in both cases, 
and the compound SMe-CS-NMe-NMe-CS‘SMe is formed. 

Analogous to the above reactions is the formation of hydrazine 
phenyldithiocarbazinate by the simultaneous action of hydrazine 
hydrate and phenylhydrazine upon carbon disulphide, 

CS, + N,H,,H,O + C,H,-NH-NH, = CS <oNa + H0. 

Owing to the presence of the hydrazide group the dithiocarb. 
azinates readily undergo change. When heated with acids, they 
decompose into their components : 

NH,*NH:CS-SNH, -++ 2HCl = NH,Cl + N,H,,HCl + CS, 

In aqueous solution they furnish slowly on heating hydrogen 
sulphide, ammonium sulphide, ammonia (or an amine), sulphur, 
and a crystalline product of acid reaction, the nature of which has 
not yet been established. 


EXPERIMENTAL, 
Ammonium Dithiocarbazinate, NH,-NH-CS-‘SNH,. 


This salt is obtained when to an alcoholic solution of hydrazine 
hydrate containing a large excess of ammonia (to prevent the 
formation of the hydrazine salt) is slowly added with cooling the 
corresponding quantity of carbon disulphide. Ammonium dithio- 
carbazinate first separates as a yellow, oily mass, which soon 
crystallises. It dissolves easily in water, and slightly in alcohol, 
is insoluble in ether, and crystallises from diluted alcohol in yellow, 
transparent prisms, which melt and decompose at 114° (Found: 
C=99; H=58; N=33:5; S=51'7. CH,N,S, requires 
C=96; H=56; N = 33:6; S = 51-2 per cent.). 

The methyl ester, NH,*-NH-CS-SMe, is obtained when a solution of 
the ammonium salt or other salt of dithiocarbazinic acid in diluted 
alcohol is treated with methyl iodide (1 mol.). It is easily soluble 
in alcohol, and is insoluble in water, and crystallises from alcohol 
or benzene in colourless needles or prisms melting at 82° (Found: 
C= 19:00; H= 4:99; N = 22°60; S = 52°05. C,H,N,S, requires 
C = 19°67; H = 4°91; N = 22°95; S = 52°46 per cent.). 
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Methyl bis- Methyldithiocarbamate, SMe-CS-NMe-NMe:CS:SMe. 


This compound is formed either directly from the ammonium 
salt or other salt of dithiocarbazinic acid and two molecules of 
methyl iodide, or from the preceding ester and one molecule of the 
same reagent. It crystallises from alcohol or benzene in white 
needles, which melt between 118° and 119° (Found: N = 11°70; 
§= 53°30. C,H,.N,S8, requires N = 11°67; S = 53°33 per cent.). 


Methylammonium Dithiocarbazinate, NH,*NH-CS:‘SNH,Me. 


This sait has been obtained from its components with cooling. 
It is easily soluble in water, but dissolves to a much smaller extent 
in alcohol, from which it crystallises in yellow needles melting and 
decomposing at 112° (Found: N = 30°32. C,H,N,S, requires 
N = 30°22 per cent.). 

Ethylammonium dithiocarbazinate and tetramethylammonium di- 
thiocarbazinate have been prepared in a similar manner from ethyl- 
amine and tetramethylammonium hydroxide respectively. 


Hydrazine Phenyldithiocarbazinate, NHPh:-NH-CS:SN,H;. 


The salt has been obtained from its components in alcoholic 
solution as a white product, which crystallises from alcohol, and 
melts and decomposes at 110° (Found: S= 30°01. C,H,.N,S, 
requires S = 29°63 per cent.). 


Hydrazine Phenyldithiocarbamate, NHPh-CS-SN,H;. 


When carbon disulphide reacts with aniline and hydrazine 
hydrate in alcoholic solution, hydrazine dithiocarbazinate crystailises 
out and hydrazine phenyldithiocarbamate remains in solution, 
ultimately decomposing in the manner described above. 


CuemicaL INSTITUTE OF THE 
University, BELGRADE. [Received, March 8th, 1921.] 


IXXXIV.—Reduction of Emulsified Nitro-compounds. 
Part I. 8-Phenylhydroxylamine from Nitrobenzene. 


By ArtHur Lapwortu and Leonorr Kuerz Pearson. 


4 suRvEY of the methods available for the manufacture of 

thenacetin, of which drug there was a dearth in this country during 

the early stages of the war, led to inquiries being made as to avail- 
EE2 
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able supplies of p-aminophenol, and during the course of they 
inquiries it was suggested by Dr. Herbert Levinstein that a sim. 
plified method for manufacturing §-phenylhydroxylamine from 
nitrobenzene, involving, for example, the use of cheap sulphides 
as reducing agents and aqueous solutions, was much to be desired, 

It was well known that the desired reduction can be effected by 
the use of ammonium hydrosulphide, but in practice alcoholic 
solutions were used. Thus Willstatter and Kubli obtained 8-phenyl. 
hydroxylamine from nitrobenzene in very fair yield in this manner 
(Ber., 1908, 41, 1936). It occurred to one of us that an aqueous 
solution might possibly be used if an emulsifying agent were added 
in order to facilitate the intimate admixture of the two non-miscible 
fluids. 

Mixtures of nitrobenzene and ordinary ammonium sulphide 
solution with enough kieselguhr to form a permanent emulsion 
after agitation were therefore made, and in one instance the whole 
of the nitrobenzene disappeared during the night. On filtering, 
washing the residue with water, and saturating the united filtrates 
with common salt, crystalline 8-phenylhydroxylamine was obtained 
in quantity approximating, after removal of sulphur, to 50 per 
cent. of that theoretically possible. 

The effect of replacing ammonium sulphide with the cheaper 
sodium salt was then examined under a variety of conditions and 
by using solutions made from commercial sulphide with enough 
hydrochloric acid or hydrogen sulphide to convert the salt into 
hydrosulphide, satisfactory results were obtained, whilst trouble due 
to free sulphur was eliminated. During the course of these experi- 
ments it occurred to one of us (L. K. P.) to examine the effect of 
adding calcium chloride to the system at the beginning of the 
reaction, and a decided rise in the yield of product was observed. 
As it seemed probable that the principal effect of the added calcium 
chloride was an improved emulsification, the kieselguhr was ulti- 
mately omitted, and without ill effect on the yield of product. In 
these circumstances, the addition of calcium chloride causes the 
separation of a finely divided precipitate, doubtless calcium hydroxide 
or “ basic ” sulphides, and in presence of this emulsification takes 
place readily; there is, however, little doubt that the condition 
of the system as to its state of alkalinity is simultaneously and 
favourably affected, and it is not altogether a matter of indifference 
how much calcium chloride is added. 

By regulating the conditions as to concentration, the bulk of 
the phenylhydroxylamine obtained in the modified process may be 
made to separate in solid form, but, if filtered off in presence of 
the precipitate of alkaline calcium compounds, it tends to oxidise in 
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the air with considerable rise of temperature. In order to dissolve 
these compounds and to reduce alkalinity, we have found it most 
convenient to add ammonium chloride, which effects both purposes 
and does not tend to cause separation of sulphur. Possibly, on a 
large scale, a saving in expense would be effected by the cautious 
addition of hydrochloric acid, for example, and the use of an am- 
nonium salt in minimal quantity, but we have not studied this 
matter in detail. 


Preparation of @-Phenylhydroxylamine from Nitrobenzene. 


The following procedure gives, with a little practice, yields of 
phenylhydroxylamine amounting to about 72—74 per cent. of 
that theoretically possible and without extraction of the aqueous 
mother-liquors. For much larger quantities of material it would 
perhaps be desirable to modify the procedure; for example, to 
operate in the first instance with a smaller proportion of water in 
the system and to regulate the temperatures at different stages by 
suitable additions of ice. 

A solution of sodium sulphide is made by dissolving 27°6 grams 
of the moist crystals (Na,S,9H,O) in 21°8 c.c. of water, placing this 
ina narrow cylinder and cautiously adding, with constant stirring 
and by means of a funnel the lower end of which passes to the 
bottom of the cylinder, 10°5 c.c. of hydrochloric acid (D 1°16). 
The resulting solution of sodium hydrosulphide and chloride is 
placed at about 15° in a stoppered vessel * with 5 grams of nitro- 
benzene and 5 grams of calcium chloride dissolved in the minimal 
quantity of water. The whole, when vigorously agitated, emulsifies 
aid subsequently needs shaking occasionally. The temperature 
rises, but should not exceed 30°, and the colour of the liquid becomes 
wange to deep orange-red. After an interval, usually about three- 
quarters of an hour, the oil becomes thicker and crystals appear. 
At the critical stage, the whole of the oil has disappeared and this 
point should be noted carefully, either by the use of a lens or by 
adding ammonium chloride to a test portion. At this stage, 
wsually about one and a half hours from the beginning, 6 grams of 
ammonium chloride are added and the whole is shaken, when the 
organic deposits pass almost completely into solution. On filter- 
mg, about 3°3 grams of nearly pure, crystalline 8-phenylhydroxyl- 
imine are retained on the filter. 

Many variations on the foregoing procedure have been tried, 
but without any improvement; such have been, for example, 


a . : . . 
4 As the reaction mixture absorbs oxygen somewhat rapidly, precautions 
Prevent this effect or to minimise its results may be necessary. 
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(1) the preparation of the hydrosulphide solution with gaseous 
hydrogen sulphide instead of by addition of hydrochloric acid: 
(2) the use of sodium sulphide instead of hydrosulphide, in which 
case the reduction process is slower and the end result less certain: 
(3) variation in the proportion of calcium chloride used. 


The authors desire to express their indebtedness to the Depart. 
ment of Scientific and Industrial Research for a grant to one of 
us (L. K. P.), and also for permission to publish these results. 


CHEMICAL LABORATORIES, 
Tne UNIVERSITY, MANCHESTER. [Received, May 3rd, 1921.] 


LXXXV.—Reduction of Emulsified Nitro-compounds. 
Part II. Some Extensions of the Method. 


By Rosert Downs HawortsH and ArtHur LApwortTs. 


AN emulsification process such as that described in Part I (this 
vol., p. 765) is applicable without considerable modification only 
to such nitro-compounds as are fluid at the ordinary or slightly 
elevated temperatures. Such nitro-compounds are exceptional in 
the aromatic series, and only nitrobenzene and o-nitrotoluene have 
been examined. The authors were persuaded by Dr. Herbert 
Levinstein to ascertain whether the method might not be extended 
to solid nitro-compounds by introducing into the system a fluid, 
such as benzene, insoluble in water but capable of wholly or partly 
dissolving the nitro-compound present. It was found that satis. 
factory results could be obtained in many instances, as many 
nitro-compounds are sufficiently soluble in benzene for the purpose, 
and, further, that, providing the nitro-compound is finely divided, 
it is not always necessary that it should initially be entirely dis 
solved in the quantity of benzene used, since, as reduction proceeds, 
undissolved nitro-compound passes quickly enough into solution. 
This modification of the original method is especially attractive m 
such cases where substituted hydroxylamines are the main products, 
for these substances are usually sparingly soluble in benzene and 
may often be separated with but slight loss owing to solubility, 
by mere filtration after addition of ammonium chloride at the 
critical stage in the reduction. 

The reduction by sulphides and hydrosulphides of some of the 


unds, 
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itro-compounds investigated has already been studied by previous 
id: workers. ‘This is true, for example, of phenyl-, p-tolyl-, and «-naph- 
pylhydroxylamines, all of which were made by Willstitter (Ber., 
1908, 41, 1936) by use of ammonium sulphide in alcoholic solution. 
The mode of applying sulphides as reducing agents described in the 
present communications does not appear to have been used before. 


EXPERIMENTAL. 


Except where, in the text, a statement to the contrary is made, 
the procedure adopted in each case was as follows :— 

The nitro-compound, finely divided if necessary, was dissolved 
or suspended in from one and a quarter to twice its bulk of benzene, 
and placed in a stoppered bottle with the requisite quantity of the 
eld solution of sodium hydrosulphide. The calcium chloride, 
dissolved in the minimum necessary amount of water, was then 
added, and the whole shaken to form an emulsion, the shaking being 
ocasionally repeated, if, for example, external cooling was necessary 
or the emulsion showed signs of deterioration. A lens was used 
to observe the appearance or disappearance of crystals in the 
mass, 

The hydrosulphide solution was always prepared as described 
in Part I (loc. cit.) and with the same proportion of reagents; namely, 
hydrated sodium sulphide (Na,S,9H,O), 275 grams; water, 200 c.c., 
ad hydrochloric acid (D=1'16), 97 ¢.c. This solution contains 
109 per cent. of NaSH, and in the description of each experiment 
8 given the weight of this solution taken. 


Analysis of Substituted Hydroxylamines. 


In a few cases where new substances have been isolated elementary 
inalyses were carried out. In almost every other case the com- 
position of the hydroxylamine was simply checked by an estimation 
if the quantity of stannous chloride oxidised in accordance with 
the equation 


R-NH-OH-+SnCl,-+-2HCI=R-NH,+SnCl,+H,0, 


the operations being carried out much as in the usual method for 
stimation of nitro-groups, the excess of stannous chloride being 
heasured after addition of Rochelle salt and bicarbonate by titra- 
ion with a standard solution of iodine. The process was tested 
ind found accurate with phenylhydroxylamine, and apparently 
sve satisfactory results in all the other cases tried. For brevity 
citing the results of analyses, the quantity of stannous chloride 
txidised by the hydroxylamine is expressed in volumes of NV /10-SnC\,. 
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p-Chlorophenylhydroxylamine from p-Chloronitrobenzene. 


A solution of 11 grams of p-chloronitrobenzene (m. p. 83°) jn 
15 c.c. of benzene was mixed with 115 grams of the hydrosulphide 
solution and the whole emulsified by shaking with 10 grams of 
calcium chloride in water. The temperature was kept below 30° 
with the aid of external cooling. Crystals soon began to separate 
from the orange fluid. After one and a quarter hours, 10 grams of 
solid ammonium chloride were added and the whole was wel 
shaken and filtered, when about 6°6 grams of nearly pure p-chlow. 
phenylhydroxylamine remained on the filter; this quantity repre. 
sents about 67—68 per cent. of that theoretically possible and 
only 0°22 gram of the product was subsequently found in the 
aqueous mother-liquor, whilst evaporation of the benzene layer 
yielded little but unchanged nitro-compound. 

In a repetition of the process lasting an hour and a half, with 
the same quantities of materials, the weight of crystalline solid 
filtered off was 7:1 grams. 

For identification, the substance was crystallised from hot 
benzene and then melted at 86°5° (compare Bamberger, Ber., 189, 
28, 245) (0°5008 gram required 3°44 c.c. of N/10-SnCl,, whence 
NH-OH=22°2. C,H,Cl-NH-OH requires NH-OH=22°3 per cent,). 

On oxidation with acid dichromate and subsequent distillation 
in a current of steam, it gave p-chloronitrosobenzene melting at 86° 
(Bamberger, loc. cit., p. 249). 


p-Bromophenylhydroxylamine from p-Bromonitrobenzene. 


For this reduction were taken :—p-bromonitrobenzene (m. p. 
146°), 5 grams; benzene, 7 c.c.; the hydrosulphide solution, 
52 grams; calcium chloride, 5 grams, in water. The process took 
place much as in the preceding case, and after one and a half hours, 
5 grams of solid ammonium chloride were added and the solution 
was filtered. The solid p-bromophenylhydroxylamine, thus separ- 
ated, weighed 3:2 grams, or about 65 per cent. of the maximum 
possible; about 0°12 gram was found in the aqueous part of the 
filtrate. After recrystallisation from hot benzene the substance 
melted at 90° (Bamberger, loc. cit., p. 1221). On oxidation with 
ice-cold, acid dichromate, 2 grams yielded 1°32 grams of p-brome- 
nitrosobenzene melting at 91°5° (loc. cit.). 


p-Lodophenylhydroxylamine from p-Iodonitrobenzene. 


Five grams of p-iodonitrobenzene (m. p. 166°) were reduced undet 
conditions similar to those employed in the two preceding cas 


(m. Pp. 
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and for about the same length of time. Approximately 3°0 grams 
of p-iodophenylhydroxylamine, or 64 per cent. of the amount 
theoretically possible, was at once obtained in solid form. The 
product, after crystallisation from hot benzene, melted at 103° 
and was converted by dichromate mixture into p-iodonitrosobenzene 
melting at 101°5° (compare Bamberger, loc. cit., p. 249). 


p-Tolylhydroxylamine from p-Nitrotoluene. 


p-Nitrotoluene was the first solid nitro-compound which the 
authors studied, and it gave considerable trouble, as reduc- 
tion by the emulsification process herein described takes place 
somewhat slowly, and if unduly prolonged leads to loss owing to 
formation of p-toluidine. The best results were obtained with the 
following conditions :— 

p-Nitrotoluene (10 grams) in benzene (20 c.c.) is emulsified by 
shaking with 147 grams of the hydrosulphide solution and 10 grams 
of calcium chloride in water. After twenty-four hours at the 
laboratory temperature the solution is usually yellowish-green, and 
crystals are present, which may be secured by adding ammonium 
chloride (15 grams), shaking thoroughly, and filtering. About 
48 grams of fairly pure p-tolylhydroxylamine remain on the filter, 
and after a recrystallisation from hot benzene the substance melts 
sharply at 98° (Bamberger, loc. cit., p. 245); about 0°47 gram may 
be obtained by extraction of the aqueous part of the filtrate (0°9652 
gam required 7°88 c.c. of N/10-SnCl,, whence NH-OH=25°7. 
(,H,,NH-OH requires NH-OH=26:0 per cent.). 

On oxidation, 2 grams gave 1:21 grams of p-nitrosotoluene, 
volatile in steam and melting at 47° (Bamberger, loc. cit., p. 247). 


Reduction of o-Nitrotoluene. 


This compound, which, owing to its low melting point, does not 
require the addition of benzene, has not given satisfactory results. 
The maximum production of o-tolylhydroxylamine observed has 
teen after seventy-two hours, and was about 15 per cent. of that 
theoretically possible. As crystals do not separate, this estimate 
tas been based on the analysis of the total, washed, ethereal extract, 
iter addition of ammonium chloride to dissolve calcium compounds ; 
the method of analysis was that used by Goldschmidt in his well- 
known researches on the reduction of nitro-compounds (Zettsch. 
physikal. Chem., 1904, 48, 424, 435; 1905, 56, 1385; 1910, 74, 437). 
No difficulty was experienced in obtaining more direct qualitative 
jroof of the presence of o-tolylhydroxylamine in the ethereal extract 
eified, for on oxidising with acidified dichromate solution and 

E E* 
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distilling with a current of steam o-nitrosotoluene passed over with 
the first few c.c. of distillate, set to a pale yellow solid, and separated 
from alcohol in white needles melting at 71° (Ber., 1895, 28, 245), 

As no amines, or only traces, were formed in the foregoing experi. 
ments, it may be concluded that the reduction of o-nitrotoluene is 
exceptionally slow, and it seems not improbable that failure to 
increase the yield by prolonged action of the agent is due to de. 
terioration of the emulsifying précipitate of calcium compounds, 
This effect, in conjunction with the pressure of the hydrogen sulphide 
developed at temperatures much above the ordinary, renders it 
impracticable to heat in an open vessel when reducing with hydro. 
sulphide and calcium chloride emulsions. 

Experiments were tried in which o-nitrotoluene was emulsified 
with hot sodium hydrosulphide solution, using kieselguhr as emul- 
sifying agent, but only o-toluidine was obtained; with calcium 
chloride present also, the hydrogen sulphide pressure was incon- 
venient and very little reduction was effected. 

It may be added that Bamberger experienced unusual difficulty 
in obtaining o-tolylhydroxylamine in solid form, and in its slight 
tendency to separate from benzene it is evident that this compound 
and o-chlorophenylhydroxylamine differ markedly from the corte. 
sponding p-compounds. 


Reduction of 0-Chloronitrobenzene. 


When this compound is reduced in benzene solution emulsified 
with the sodium hydrosulphide solution and calcium chloride at 
the ordinary temperature for two hours, no separation of the 
hydroxylamine occurs; but if ammonium chloride be then added, 
the aqueous layer extracted with ether, and the residues obtained 
by evaporation of the benzene and the ethereal extract combined, 
an oily product is left which, when tested by Goldschmidt’s standard 
iodine method, gives results indicating a total production of o-chloro- 
phenylhydroxylamine amounting to 62 per cent. of that theoretically 
possible. The substance itself has not been isolated, but the 
following experiment indicates that the oil in question may b 
utilised for preparing its derivatives. ; 

The oil (2°0 grams) was oxidised with 4 grams of potassium 
dichromate in 270 c.c. of water containing 10 c.c. of concentrated 
sulphuric acid. On finally passing in a current of steam there 
passed over with the first 20 c.c. of distillate a pale yellow oil which 
solidified on cooling, yielding 1:30 grams of o-chloronitrosobenzet 
(Found: C=50°8; H=3-1; Cl=24-9. C,H,ONCI requires C= 
50°9; H=2-9; Cl=25:1 per cent.). The new substance dissolves 
readily in ether, alcohol, chloroform, benzene, and hot light petrol- 
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cum. It separates from alcohol in colourless needles melting at 


56—57°. 
m-Bromophenylhydroxylamine from m-Bromonitrobenzene. 


The quantities used were :—m-bromonitrobenzene (m. p. 56°), 
5grams; benzene, 7 c.c.; sodium hydrosulphide solution, 74 grams ; 
calcium chloride, 4 grams, and water. Three hours after emulsi- 
fication ammonium chloride (5 grams) was added and the whole 
filtered. There remained on the filter, 2°53 grams of solid m-bromo- 
phenylhydroxylamine, or about 55 per cent. of the amount theoreti 
cally possible, an additional 0°2 gram remaining in the aqueous 
layer of the filtrate. The recrystallised product melted at 66° 
(compare Ber., 1896, 29, 864) and was converted by acidified 
dichromate solution into m-bromonitrosobenzene melting at 78° 
(compare Ber., 1898, 31, 1517, anm.). The nitroso-compound was 
analysed (Found: C=38°'7; H=2:2; Br=42°8. Calc., C=38°8; 
H=2:2; Br=43-0 per cent.). 


m-Chlorophenylhydroxylamine, CgH,Cl-NH-OH, from m-Chloro- 
nitrobenzene. 


For this reduction 11 grams of m-chloronitrobenzene (m. p. 44°5°) 
were taken, with benzene (15 c.c.), sodium hydrosulphide solution 
(147 grams), calcium chloride (10 grams), and the necessary water. 
The colour of the liquid passed through green to pale orange, and 
after two and a half hours crystals separated. Ammonium chloride 
(10 grams) was added, the whole shaken and filtered, when 5:8 
grams of nearly pure m-chlorophenylhydroxylamine were obtained 
in solid form. The filtrate yielded only 0:2 gram more. 

m-Chlorophenylhydroxylamine crystallises from benzene in colour- 
less plates melting at 49°, and dissolves more readily in benzene, 
light petroleum, and water than do its isomerides (Found : C=50°1; 
H=4:2; Cl—24°6. C,H,ONCI requires C=50'2; H=4'1; Cl=24°7 
per cent.). An alcoholic solution of the compound after exposure 
to air deposited pale yellow needles melting at 96°, and these were 
identified as 3:3’-dichloroazoxybenzene, convertible into 3: 3’- 
dichloroazobenzene melting at 100°5° by distillation with iron 
filings. 

m-Chloronilrosobenzene, C,H,Cl-NO. 


This substance was made by oxidising the preceding one with 
ice-cold dichromate solution in presence of excess of sulphuric 
aid and finally expelling the product with a current of steam, 
when it passed over as a green fluid. It dissolves readily, forming 
geen solutions in benzene, alcohol, ether, chloroform, or acetone, 
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and crystallises from benzene in colourless needles melting at 72° 
(Found : C=50°8; H=3:0; Cl=24:9. C,H,ONCl requires C=5049. 
H=2°9; Cl=25:l per cent.). 


a-Naphthylhydroxylamine and «-Naphthylamine from «-Nitro- 
naphthalene. 


A solution of 10 grams of «-nitronaphthalene in benzene (15 c.c.) 
was emulsified with the hydrosulphide solution (115 grams) and 
calcium chloride (10 grams) in water; the temperature rose rapidly, 
but was kept below 30° by external cooling. The colour changed 
slowly to chocolate, and crystals began to separate after four 
hours; half an hour later ammonium chloride (11 grams) was 
added, when, on filtration, about 7°75 grams of grey crystals were 
obtained, which were fairly pure «-naphthylhydroxylamine. No 
a-naphthylamine was detected either in the crystals or in the filtrate. 

Recrystallisation of the solid from benzene gave pale yellow 
crystals which fused at 78—78°5°, but after exposure in a desiccator 
for some days melted at 82—83°. These properties and the follow. 
ing analysis of the more fusible solid are in agreement with the 
observations of Scheiber, who found that this form is a monohydrate 
(Ber., 1904, 37, 3055) (0°8992 required 5°28 c.c. of N/10-Sn(I,, 
whence NH‘OH=18°5. C,)H,-NH-OH,H,O requires NH-OH=18! 
per cent.). 

Even when the proportions of hydrosulphide solution and calcium 
chloride taken were double those given above and the time of 
reduction was increased to twelve hours, the main product was stil 
the hydroxylamine, very little naphthylamine being formed. _ It was 
not found effective to heat the system, owing, doubtless, to deteri- 
oration of the emulsion. As some interest appeared to attach to 
the possibility of reducing «-nitronaphthalene to «-naphthylamine 
by an emulsification process, a reversion to the original plan of 
using kieselguhr as an emulsifying agent was tried. Using «-nitr- 
naphthalene, benzene, and sodium hydrosulphide, but adding 
kieselguhr instead of calcium chloride and then heating on the 
water-bath for eight hours, yields of «-naphthylamine up to about 
73 per cent. of the theoretical quantity were obtained, but it was 
soon evident that much time might be spent in attempts to improvt 
the rough process, and the experiments were not further proceeded 
with. 


a-Hydroxylaminoanthraquinone and «-Aminoanthraquinone from 
a-Nitroanthraquinone. 


a-Nitroanthraquinone may be reduced to the hydroxylamine or 
amino-compound respectively by making suitable variations in the 
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concentration of hydrosulphide solution. The great difficulty in 
preparing this nitro-compound in a pure state, however, detracts 
considerably from the interest of this application of the process. 

On emulsifying 5 grams of «-nitroanthraquinone (m. p. 219°) in 
150 c.c. of benzene with 56 grams of the hydrosulphide solution 
and 5 grams of calcium chloride in water, a green coloration, due 
to formation of soluble salts of the hydroxylamine, is observed 
(compare Ber., 1882, 15, 1790; 1883, 16, 367; 1896, 29, 2934). 
The temperature rises, and efficient cooling is necessary to keep the 
temperature below 30°. After five minutes a brown powder begins 
to separate, and soon the whole sets to a thick paste which gradually 
becomes red in colour. If the whole be allowed to remain over- 
night, subsequent addition of ammonium chloride (5 grams) and 
filtration yields 4 grams of brick-red, powdery «-aminoanthraquinone, 
which, however, requires purification from a trace of unchanged 
nitro-compound, and then melts at 242°. 

Using less benzene than in the preceding description and allowing 
the whole to remain for twenty-four hours, a similar result is obtained, 
but the quantity of unchanged nitro-compound is larger. 

It has not been found possible wholly to arrest the reduction of 
-nitroanthraquinone at the intermediate hydroxylamine stage, but 
by using more dilute hydrosulphide solution than that adopted as 
suitable in other cases, and by operating for a much shorter time, 
fair yields of the hydroxylamine in a somewhat impure form may 
be obtained. The best result was obtained as follows :— 

The nitroanthraquinone (5 grams) was suspended in benzene 
(20 c.c.) and, with the aid of calcium chloride (3 grams), emulsified 
with 21 grams of the standard hydrosulphide solution which had 
previously been diluted to 75 c.c. with water; after forty-five 
minutes ammonium chloride (3 grams) was added and the solid 
filtered off. By extracting the solid with dilute sodium hydroxide 
solution and subsequently acidifying, 3°6 grams of «-hydroxy]l- 
aminoanthraquinone, or 73 per cent. of the theoretical amount, 
were obtained; after recrystallisation from hot acetone it formed 
reddish-brown needles melting at 137—139° (0°7412 required 3°16 c.c. 
of V/10-SnCl,, whence NH‘OH=13'4. C,,H,O,N requires NH-‘OH= 
134 per cent.). 


Reduction of m-Dinitrobenzene and 2: 4-Dinitrotoluene by the 
Emulsification Process. 


A considerable amount of work on the reduction of dinitro- 
compounds has been carried out by previous workers. The nitro- 
hydroxylamine has been obtained from m-dinitrobenzene by Wohl 


776 REDUCTION OF EMULSIFIED NITRO-COMPOUNDS. PART II. 


(D.R.-P. 84138, 1895) and Brand (Ber., 1905, 38, 4006), using the 
zinc-dust and electrolytic reduction method respectively. Brand 
(J. pr. Chem., 1906, [ii], 74, 449) found that partial reduction of 
dinitro- and polynitro-derivatives of benzene by sulphides and 
polysulphides of sodium and ammonium leads mainly to formation 
of azoxy-compounds or amines, according as there is excess o 
deficit of hydroxyl ions. Fliirscheim and Simon (T., 1908, 93 
1463), Cohen and Dakin (ibid., 1902, 81, 26), and Cohen and 
McCandlish (ibid., 1905, 87, 1257) may also be consulted. 

Application of the emulsification method to m-dinitrobenzene, 
dissolved or suspended in benzene, showed that considerable dilution 
of the standard hydrosulphide solution is necessary in order to 
restrain the unusually rapid rise in temperature. The solid product 
obtained on addition of ammonium chloride was brown to orange, 
and only 3 : 3’-dinitroazoxybenzene was isolated from it. Reduce. 
tion of 2: 4-dinitrotoluene gave similar results, but 3 : 3’-dinitro- 
4:4’-dimethylazoxybenzene was isolated from the product and 
identified by conversion into 2-nitro-p-toluidine by reduction with 
alcoholic sodium hydrosulphide. 


Reduction of Nitroanilines and of p-Nitrophenol. 


The difficulty in arresting the reduction of nitroaniline at the 
hydroxylamine stage has already been realised by previous workers 
(Goldschmidt, Zeitsch. physikal. Chem., 1905, 56, 1385; Fliirscheim 
and Simon, T., 1908, 93, 1463; Elbs, Zeitsch. Elektrochem., 1901, 1, 
134). 

When the emulsification method is applied to m- or p-nitroaniline 
dissolved or suspended in benzene, slow reduction occurs, but no 
solid is obtained on addition of ammonium chloride, as the products 
are too freely soluble in benzene; no evidence of the formation of 
any substituted hydroxylamine was obtained. The authors have 
not thought it worth while to work out the optimum conditions 
for preparing the diamines, which are the main products of the 
reaction, as the method does not promise to be advantageous in 
such instances. 

The only nitrophenol investigated was p-nitrophenol. The 
emulsification process is difficult to apply in these cases owing to 
the sparing solubility of the sodium derivatives of the nitropheno!s 
and to the exceptionally slow progress of the reaction. The results 
obtained on attempting to isolate any reduction products were 
entirely negative, and no attempt was made to extend the observ- 
ations in this unpromising field. 
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Summary. 


The emulsification process described in Part I has been extended 
to the reduction of o-nitrotoluene and to a number of nitro-com- 
pounds of the aromatic series which are solid at the ordinary 
temperature. 

o-Nitrotoluene and o-chloronitrobenzene, the former as such and 
the latter when dissolved in benzene, do not at once yield solid 
hydroxylamines, but give oils containing about 15 and 62 per cent. 
respectively of the corresponding hydroxylamines. 

The process gives satisfactory results with p-nitrotoluene, p- 
chloronitrobenzene, p-iodonitrobenzene, m-chloronitrobenzene, m- 
bromonitrobenzene, «-nitronaphthalene, using solutions or sus- 
pensions of these compounds in benzene, the $-substituted hydroxyl- 
amines being secured at once in solid form and in yields usually 
exceeding, sometimes considerably, 50 per cent. of the amount 
theoretically possible, a few units per cent. only remaining in the 
filtrate. 

a-Nitroanthraquinone dissolved or suspended in benzene yields 
either the corresponding solid hydroxylamine or solid amino- 
compound, according to the conditions. m-Dinitrobenzene and 
2:4-dinitrotoluene give mainly the solid dinitroazoxy-compounds. 

m-Nitroaniline and p-nitroaniline are reduced to the corresponding 
diamines, but these remain dissolved. The process is not applicable 
to p-nitrophenol. 


Organic CHEMICAL LABORATORIES, 
THe UNIVERSITY, MANCHESTER. [Received, May 3rd, 1921.] 


LXXXVI.—Determination of the Composition of 
Mixtures of Eugenol and isoKugenol Benzoates 
by means of Melting Points. 


By Puytuis Viotet McKie. 


Ix the preparation of vanillin from eugenol (oil of cloves), through 
isoeugenol, a mixture of eugenol and isoeugenol is obtained by the 
usual methods in the isomerisation of the eugenol. The deter- 
mination of the composition of this mixture offers some difficulty. 
The known physical method, based on the viscosity of the mix- 
ture, suffers from the great disadvantage that the presence of small 
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quantities of other substances, water, terpenes, and so forth, render 
it inaccurate. 

The analysis of this mixture by means of the melting-point curve 
of a pair of solid derivatives affords a more accurate means of 
estimating the composition. Of the solid derivatives of eugenol 
and isoeugenol, the benzoates are the most simply prepared. Both 
isomerides are solid, crystalline substances which are insoluble in 
water and can readily be obtained quite pure and dry. Moreover, 
the melting points of the two derivatives are wide apart, and lie 
in a convenient range of temperature; eugenol benzoate, m. p. 
69—70° (Tiemann and Kraas, Ber., 1882, 15, 2067); dsoeugeno| 
benzoate, m. p. 103—104° (Tiemann, Ber., 1891, 24, 2874). The 
melting-point curve is not quite a simple eutectic curve; the 
divergence, due probably to an unstable compound, is very slight, 
in the neighbourhood of the 50 per cent. mixture. 

As contrasted with the long process of drying and fractionating 
the oil in a vacuum, essential when viscosity methods are used for 
determining the composition of this mixture, the solid, crystalline 
benzoates can be readily prepared from the crude oil and isolated 
so that the mixture will have the same relative composition as the 
original. 

The crude oii, obtained in the isomerisation, is dissolved in 
pyridine, and treated with some 25 per cent. excess of benzoyl 
chloride. The major portion of the benzoates separates as a solid, 
and a further quantity on pouring the pyridine solution into dilute 
sulphuric acid. This solution is now extracted with ether to secure 
the last traces of the benzoates. To ensure intimate mixing of 
the two isomerides, the solid which separates is dissolved in the 
ether extract, from which, on evaporation of the ether, the solid 
benzoate mixture is obtained. 

The pure benzoates required for plotting the melting-point curve 
were prepared by a similar treatment with benzoyl chloride of eugenol 
or tsoeugenol dissolved in pyridine. The eugenol or isoeugenol benz- 
oate was purified by repeated crystallisation from alcohol. Eugenol 
benzoate then melted at 69°, and isoeugenol benzoate at 103°. 
After sublimation in the vacuum of the Toepler pump, eugenol 
benzoate melted at 69°5° and isoeugenol benzoate at 104°. On 
resublimation, the melting points did not change. 

Determination of the Fusion Points—Following the method 
described in a previous paper (McKie, T., 1918, 113, 799), a curve, 
followed from both pure eugenol and pure isoeugenol benzoates 
as starting point, was constructed. A well-marked eutectic point 
was observed at a temperature of 56°5°, corresponding with a com- 
position of 25:5 per cent. of isoeugenol benzoate. But at ten- 
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pratures from 83—86°, and at compositions approximating to 
the equimolar mixture, there was a discontinuity in the curve. 
The curve is similar to the melting-point curves of phenol and 
arbamide, and of aniline and p-nitrophenol (Kremann, Monatsh., 
1906, 27, 138), and the phenomenon here is, as in the above-men- 
timed pairs of substances, probably due to the formation of a 
empound which dissociates below its melting point. The range 
of disturbance of the curve is in this case very small, and does not 
invalidate the use of the melting point as a means of determining 
the composition of mixtures. 


Eugenol isoEugenol isoRugenol 
benzoate. benzoate. benzoate. Melting 
Grams. Grams. Per cent. point. 
05689 — nis 69°5 
0°1083 16°0 64°0 
0°2322 29°0 65°8 
0°2677 32-0 69°4 
*” 0°3063 35° 72°5 
0-7461 0°4979 , 79°7 
0°6479 5 82-7 
” 0-7919 DLS 
0°4620 0°5588 


Ph 


0°5336 
0°6836 
0°9590 
1-638 


(Eutectic 25°5 


My thanks are due to Professor Orton for direction and criticism 
in the above work. 


University CoLLEGE or NortH WALEs, 
BANGOR. (Received, March 19th, 1921.] 


IXXXVII.—Piperitone. Part I. The Occurrence, 
Isolation, and Characterisation of Piperitone. 


By Joun Reap and Henry GEORGE SMITH. 


Tae first recorded investigation of a eucalyptus oil is described in 
a publication by Cloéz, dealing with the leaf oil of Eucalyptus 
jlobulus (Compt. rend., 1870, 70, 687). Since that time the occur- 
tence of about forty different constituents, consisting largely of 
terpenes and related substances, has been established in the essential 
ils of this distinctive Australian genus. It is noteworthy that 
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among this extensive series of substances only one exhibits ketonj: 
properties. The constituent in question possesses a pronounced 
peppermint odour and taste, and is characteristic of the essential 
oils of a group of eucalypts known in Australia as ‘‘ Peppermints.” 
A species of this type, growing plentifully in the neighbourhood of 
Port Jackson, attracted attention soon after Governor Phillip’s 
arrival in New South Wales in 1788, and the first eucalyptus oil 
to be distilled was obtained from its foliage and employed for 
medicinal purposes by Dr. White, Surgeon-General to the first 
settlement. “The name Peppermint Tree has been given to this 
plant by Mr. White on account of the very great resemblance 
between the essential oil drawn from its leaves and that obtained 
from the Peppermint (Mentha piperita) which grows in England. 
This oil was found by Mr. White to be much more efficacious in 
removing all cholicky complaints than that of the English Pepper. 
mint, which he attributes to its being less pungent and more 
aromatic ’’ (White, ‘‘ Journal of a Voyage to New South Wales,” 
1790, 227). The species of eucalypt which furnished this oil is 
now known as Lucalyptus piperita, and it is common in the 
Sydney district and the Blue Mountain Ranges of New South 
Wales. 

Although the eucalyptus oils first produced in Australia for 
commercial purposes were distilled from species of the “ Pepper- 
mint ” group of eucalypts, yet for many years no attempt seems 
to have been made to distinguish the constituent imparting the 
characteristic odour to these oils. In the case of an oil said to be 
derived from HL. haemastoma, the odour was at one time wrongly 


attributed to menthone (Schimmel, Half- Yearly Report, Leipzig, 


April, 1888, 20; Gildemeister and Hoffmann, “‘ The Volatile Oils,’ 
1900, 538). It was not until 1900 that the constituent in question 
was isolated by one of us in a fairly pure condition, with the aid 
of sodium hydrogen sulphite, from the oil of Z. dives (J. Proc. Roy. 
Soc. N.S. Wales, 1900, 34, 316). The odoriferous ketone thus 
obtained was shown to be distinct from menthone, but the mole- 
cular formula, C,)H,,0, originally assigned to it proved to be in- 
correct. Subsequently, the ketone was regarded as a new substance, 
and because of its association with the historically interesting 
species E. piperiia it was named piperitone (Baker and Smith, 
** A Research on the Eucalypts,” Ist ed., Sydney, 1902, 229). 

It has been found that most constituents of eucalyptus oils 
increase in amount throughout a range of species until the attain 
ment of a limiting value; in the case of piperitone, the maximum 
content is reached in the oil of E. dives. This species, which is 
also known as the “ Broad-leaved Peppermint,” is distributed over 
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an extensive area in New South Wales and Victoria, being in some 
jistricts the predominating species of eucalypt. The yield of oil 
fom the green leaves and twigs of Z. dives amounts to as much as 
{per cent., and when the distillation is continued for about eight 
hours the resulting oil often contains up to 40 per cent. of piperitone. 
It is thus apparent that piperitone could be obtained in Australia 
in almost unlimited quantity, particularly as the regrowth from 
the felled trees of HZ. dives is rapid and abundant, whilst the habitat 
js usually unsuitable for agricultural purposes. Piperitone occurs 
in the essential oils of the most recent species in the evolutionary 
sequence of the genus Eucalyptus (compare Baker and Smith, op. 
rit,), that is to say, in species which are common to south-eastern 
Australia and Tasmania. Further reference will be made in a 
later paper to the interesting fact that in every recorded case, with 
the exception of H. apiculata, piperitone occurs in eucalyptus oils 
in association with l-«-phellandrene: consequently, the leaves of 
the species concerned possess the characteristic “‘ phellandrene 
yenation.”” In most instances, piperitone seems also to be accom- 
panied by the corresponding secondary alcohol, piperitol, which 
has been isolated from the essential oil of H. radiata. Cineole, it 
may be remarked, is not an abundant constituent of oils containing 
piperitone; thus in the case of EH. dives it appears never to exceed 
about 8 per cent. 

Recent investigations (Smith and Penfold, J. Proc. Roy. Soc. 
VS. Wales, 1920, 54, 40; Baker and Smith, op. cit., 2nd ed., 1920, 
390) have shown that piperitone is an unsaturated ketone possessing 
the molecular formula C,)H,,0. When isolated in the usual way, 
by fractional distillation under atmospheric pressure followed by 
tratment with sodium hydrogen sulphite solution, it is obtained 
as a colourless liquid which gradually turns yellow with lapse of 
time. Preparations made from the purified crystals of the bisulphite 
compound are optically inactive, but the piperitone regenerated 
from the filtrate usually exhibits a feeble levorotation. This slight 
activity, which in most cases does not exceed [«],—1°, may possibly 
be ascribed to the presence of small quantities of the levorotatory 
aldehyde “‘ cryptal’’; the latter, being a characteristic constituent 
of the group of “ Boxes,” such as EZ. hemiphloia, may well persist 
toa slight degree in the essential oils of the more recently evolved 
groups of the genus (Baker and Smith, op. cit., 1920, 386). 

The interesting fact has also been disclosed (Smith and Penfold, 
lee. cit.) that by conducting the distillations under greatly diminished 
pressure it is possible to isolate the piperitone in a markedly active 
levorotatory form. The magnitude of the rotation varied with 
different preparations; as an example, in a particular case the 
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observed value of [«], was —42°8°. Other physical constany 
determined for the same specimen were as follows: d* 0-9343-Mpi 
ni, 14837 and R,; 46°49; b. p. 106—107°/10 mm., 229—230°/1q iM 


mm. The corresponding values obtained for the optically inactiye§vhi 


substance agreed closely with the above, but slight variations wer 
noticeable with different preparations. 

Up to the present, the chemical relationships of piperitone har 
only been submitted to a preliminary examination; the result, 
however, are of considerable interest, as revealing that dl-piperiton 
may readily be oxidised to thymol, by the aid of ferric chloride ani 
acetic acid, or reduced to menthone by means of hydrogen in tle 
presence of a nickel catalyst (Smith and Penfold, loc. cit.). Thus, 
although the information available has been insufficient to permit 
of a specific diagnosis, the structure of a p-menthen-3-one has been 
assigned to piperitone. The formation of a bimolecular ketone by 
reducing dl-piperitone with sodium amalgam in a moist ether- 
alcohol solution provides the best method yet described for it 
recognition and characterisation : this compound, C,)H,,0., melts 
at 149—150°, and its dioxime, C.5H,,0,N., at 245° (Baker and 
Smith, op. cit., 1920, 393). No definite brominated derivative ha 
yet been prepared. 

dl-Piperitone forms both an oxime (m. p. 110—111°) and a hydr. 
oxylamino-oxime (m. p. 169—170°). The latter derivative results 
when an excess of hydroxylamine is used, and from the reaction 
described below the hydroxylamino-group appears to be attached 
to a tertiary carbon atom (Harries, Ber., 1899, 31, 2896). 

dl-Piperitonesemicarbazone, when prepared by the method 
described below, melts at 219—220°, and hence is not particularly 
characteristic of the ketone, since the A!-p-menthen-3-one described 
by Wallach (Annalen, 1908, 362, 272) yields a semicarbazone having 
almost the same melting point (224—226°). There are differences, 
however, in ease of formation and solubility. 

Undoubtedly the most characteristic derivative of piperitone yet 
prepared is benzylidene-dl-piperitone, also described in this paper 
and corresponding with the molecular formula C,)H,,0°CHPh. 
This is formed with striking ease by the interaction of piperitone 
and benzaldehyde in the presence of alcoholic sodium ethoxide, and 
is readily obtained in the form of beautiful, well-developed crystals 
melting at 61°; the compound is thus eminently adapted to the 
recognition of piperitone and its differentiation from related ketones. 
The preparation of this derivative may be advanced as a convincing 
proof of the non-identity of piperitone with any of the menthenones 
hitherto described, and the unusual facility with which it is formed 
is important on structural grounds. 
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We reserve the very interesting question of the constitution of 
.Bpiperitone for discussion in a later communication. Further, in 
iew of the great degree of importance, both scientific and economic, 
shich appears to us to attach to this substance, we propose to 
ndertake a systematic study of piperitone and its derivatives. 
Even in the light of the data now available, the opinion may perhaps 
be expressed that this eucalyptus ketone, by virtue of its chemical 
. nature and its plentiful occurrence, may eventually attain a position 
of importance intermediate between menthone and camphor. 


EXPERIMENTAL. 
dl-Piperitone. 


The piperitone utilised in the following work was isolated from 
the essential oil of Z. dives in the manner already indicated, except 
that it was found advantageous to use normal sodium sulphite in 


its place of the bisulphite. Since the preliminary distillations were 


‘B carried out under atmospheric pressure, the product exhibited only 
feeble optical activity. Some of the physical characteristics of a 
‘Bitypical preparation were determined, with the following results : 
[x], —0°27°; ni} 14843; b. p. 128°5°/25 mm. It is to be noted, 
however, that accurate determinations of the physical constants of 
chemically and optically pure piperitone have yet to be made. 


dl-Piperitoneh ydroxylamino-oxime, HON‘C,9H,7*-NH-OH. 


To a solution of dl-piperitone (6 grams) in three times its volume 
of absolute alcohol was added a solution of potassium hydroxide 
(6 grams) in water (3 c.c.). The mixture was heated to 70° and 
treated with a solution of hydroxylamine hydrochloride (6 grams) 
in water (6 c.c.). After maintaining at 70—80° for ten minutes, 
the liquid was cooled, poured into about five times its volume of 
water, and left for twelve hours. The resulting mass of crystals 
was separated, dried on porous plate, washed with ether, and finally 
crystallised from alcohol containing a little ether, in which latter 
solvent it was sparingly soluble. The substance formed small, 
colourless needles, which melted at 169—170° and showed no 
tendency to recrystallise on cooling. It reduced Fehling’s solution 
readily when heated, and gave a blue coloration when boiled in 
alcoholic solution with mercuric oxide. A solution in a mixture of 
alcohol and chloroform gave a bright bluish-green colour with a 
ttace of bromine, changing to emerald-green upon the addition of a 
little more of the halogen (Found : C=59°7; H=10°2. C,H, 0.N, 
requires C=59°95; H=10-07 per cent.). 
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dl-Piperitoneoxime, Cy 9H,,-NOH. 


When the above method was applied, using exactly one molecular 
proportion of hydroxylamine hydrochloride, the normal oxime 
resulted. It was readily soluble in ether, but only moderately 
soluble in light petroleum, from which solvent it was deposited in 
the form of magnificent colourless prisms, exhibiting high trans. 
parency and lustre. The oxime melted at 110—111°, and recrystal. 
lised immediately on cooling. It gave none of the colour reactions 
exhibited by the hydroxylamino-oxime (Found : C=71'2; H=101, 
C,9H,,ON requires C=71‘79; H=10°25 per cent.). 


dl-Piperitonesemicarbazone, Cy 9H ¢-N-NH*CO-NH,. 


dl-Piperitone was mixed with an equal volume of a cold saturated 
solution of semicarbazide hydrochloride, and just sufficient alcohol 
to render the liquid clear. Reaction occurred with comparative 
ease, and a copious separation of colourless crystals took place within 
the course of a few hours. After one recrystallisation from boiling 
absolute alcohol, in which the substance was only moderately 
soluble, minute, colourless crystals were obtained melting at 219— 
220° (Found: N=20°2. C,,H,,ON, requires N=20°1 per cent.). 


Benzylidene-dl-piperitone, CygH,,0°;CHPh. 


In the original preparation of benzylidenepiperitone, the ketone 
was dissolved in about twice its volume of absolute alcohol, together 
with one molecular proportion of benzaldehyde. Rather more than 
one equivalent weight of sodium, freshly dissolved in about ten 
times its weight of absolute alcohol, was then added to the cooled 
solution. Rapid darkening occurred, attended by an appreciable 
evolution of heat. The smell of benzaldehyde disappeared within 
a few hours, and after twenty-four hours a considerable amount of 
crystalline material had separated from the dark brown liquid. 
When the mixture had stood for three days in a stoppered flask, 
it was poured into ice-water and extracted with ether. The dried 
ethereal extract, when distilled from the water-bath, yielded 8 
viscous, brown liquid residue which could not be induced to crystal- 
lise. Upon distilling the product under diminished pressure, very 
little distillate could be collected below 245°/25 mm., but from this 
temperature to about 258°/25 mm. a limpid, pale yellow liquid 
passed over, which on cooling became viscous. A further fraction, 
collected up to 350°/25 mm., distilled as a very viscous, orange 
coloured liquid, solidifying on cooling to a transparent, vitreous 
mass. The residue, which contained the bulk of the material, 
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solidified to a brittle, dark brown resin. It proved impossible to 
obtain any crystalline product from the second fraction or the 
residue, but after considerable difficulty the fraction, b. p. 245— 
958°/25 mm., was induced to deposit crystalline material by treat- 
ment with suitable organic solvents, in all of which it dissolved 
with great ease. The weight of this fraction amounted to about 
one-half the weight of the piperitone used, and the yield of crystal- 
line material to about 20 per cent. of the weight of the ketone. 

The above procedure was modified in various ways, in an attempt 
to reduce the loss of material in the form of resin. In all cases 
the reaction appeared to proceed so readily that eventually the 
proportion of sodium was lessened: with only two-thirds of the 
equivalent amount of sodium, the yield of crystalline product was 
doubled, and with still less sodium, the results were even more 
favourable. The best conditions seemed to be attained by using 
about one-quarter of an equivalent weight of sodium. In this case, 
no deposition of solid material occurred from the alcoholic reaction 
mixture. 

An example of the ultimate method adopted may now be given: 
25 grams of piperitone were mixed with the requisite amount (17°5 
grams) of benzaldehyde, and dissolved in absolute alcohol (60 c.c.). 
To the cold solution was added rapidly a cold solution of sodium 
(| gram) in absolute alcohol (50 c.c.). The mixture was kept in a 
stoppered flask for three or four days; it was then poured into a 
slight excess of cold and very dilute sulphuric acid and extracted 
with ether. The brown residue which was left after evaporation 
on the water-bath crystallised almost completely when inoculated 
at the ordinary temperature with crystalline material from a pre- 
ceding operation. Upon distillation, it yielded 26 grams of a pale 
yellow, highly refracting oil, b. p. 245—258°/25 mm., and this, 
upon inoculation, solidified to a hard, pale yellow, crystalline mass. 

In purifying the last-named distillate, it was found advantageous 
to mix it in the original liquid form with a little warm methylated 
spirit, or, preferably, methyl alcohol: the resulting solution, when 
cooled and seeded, yielded a crystalline separation capable of ready 
collection and washing. The melting point of material prepared 
in this way was 59—60°. After one recrystallisation from methyl 
alcohol, the substance melted at 61°, and further recrystallisations 
had no effect upon the melting point. The results of analysis corre- 
sponded with a monobenzylidene derivative of piperitone (Found : 
(=85'1; H=8-4. C,H ,O requires C=84'94; H=8-39 per cent.). 
In none of the cases recorded could either benzaldehyde or piper- 
tone be detected among the products of reaction. The resinous 
material which is invariably produced to some extent can therefore 
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scarcely contain a dibenzylidene derivative, such as that described 
by Wallach for A‘*-p-menthen-3-one (Annalen, 1899, 305, 273), 
In the preparation just quoted, the amount of sodium used Was 
about one-quarter of the equivalent quantity, and it may be men. 
tioned that 25 grams of piperitone, when treated in a similar way 
with only one-half this proportion of sodium (0°5 gram), still yielded 
23 grams of crystalline distillate. In this case, however, a small 
amount of benzaldehyde remained unchanged at the end of the 
reaction. 
Fic. 1. 
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Benzylidene-dl-piperitone is a pale yellow solid which retains its 
colour fully after repeated crystallisation. When kept for several 
months in a glass vessel exposed to the light, the surface layer 
undergoes a change, becoming pasty and deepening in colour. The 
substance dissolves readily in the cold in all the ordinary organ 
solvents, including light petroleum, but it is almost insoluble in 
water. It has a marked tendency to form supersaturated solutions. 
In view of the slight optical activity of the preparations of piperitone 
used in this work, it is interesting to note that a 5 per cent. alcoholi¢ 
solution of a specimen of the benzylidene derivative which had beet 
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without being distilled was optically inactive when 
Examined in a 2-dem. tube in sodium light. It seems likely, there- 
fore, that the activity of the original piperitone was due to con- 
tamination with small amounts of a levorotatory impurity. 

When allowed to crystallise slowly from methyl alcohol or ethyl 
alcohol, benzylidene-dl-piperitone is deposited in the form of 
magnificent pale yellow prisms, which may attain a considerable 
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size and exhibit very pronounced lustre and transparency. The 
results are appended of a goniometric examination of these crystals, 
for which we are indebted to Miss Marie Bentivoglio, B.Sc., of the 
Department of Geology, University of Sydney : 

“The crystals observed were divided chiefly according to habit, 
me group exhibiting crystals of distinctly prismatic habit, the 
other, larger, group including crystals of tabular habit. The forms 
developed on crystals of the former group are: a (100), 5 (010), 
¢(001), m(110). The primary prism is always well developed 
(Figs. 1 and 2), while it is only occasionally that the clino-pinacoid, 
generally a narrow face, assumes the form shown in Fig. 3. In 
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such instances, however, hour-glass structure (due to the mode of 
growth of the crystal) is prominent. The basal pinacoid is generally 
smooth, but at times assumes the rough and rather scaly appearance 
of a solution surface (Fig. 3). An indistinct cleavage was observed 
parallel to m (110). 

“ Crystallographic results given are only complete in so far as 
the data were available. 

“ Crystal System.—Monoclinic, holohedral. 

“ Axial Ratios.—a : b : c=0°9331 : 1: — . B=72° 36’. 


No. of 


measure- 
Angle. ments. Limits. Observed. Calculated. 


mm=110:110 15 83° 02’— 83°32’ 83° 18’ 83° 18’ 
mm=110: 110 15 96° 20’— 96 52’ 96° 43’ 96° 42’ 
am =100 : 110 8 41° 21’— 41°52’ = 41° 38’ 41° 39 
mb =110: 010 20 48° 04’— 48° 36’ 48° 21’ 48° 21’ 

ac =100: 001 6 107° 15’—107° 40’ 107° 24’ 107° 24’ 

be =010 : 001 6 89° 49’— 90° 11’ 89° 54’ 90° 00’ 

“ The crystals of the second group are not well developed; some 
faces are rounded, and others strongly striated. Moreover, there 
are not sufficient measurements available to correlate them definitely 
with the crystals of the first group. It is to be hoped that further 
crops will yield more satisfactory crystals, so that their relation to 
that group may be determined.” 

Benzylidene-dl-piperitone formed a dark red solution when dis- 
solved in a 15 per cent. solution of hydrogen bromide in glacial 
acetic acid, but after the mixture had stood for several hours most 
of the original compound was recovered by pouring it into water. 
Stronger solutions, when kept for longer periods, deposited crystals 
which probably denoted the formation of a hydrobromide. ‘The 
benzylidene derivative reacted readily with hydroxylamine. 


Benzylidene-dl-piperitoneoxime, HON?C,9H,,-CHPh,H,0. 


The benzylidene derivative (5 grams) was dissolved in five times 
its weight of absolute alcohol, and the same amount of hydroxyl 
amine hydrochloride was dissolved in its own weight of water. 
The hot solutions were mixed and then treated with sodium hydr- 
oxide (5 grams) dissolved in water (2°5 c.c.). After standing over- 
night, the product of the reaction was poured into cold water. The 
resulting precipitate, after collection and drying in the air, was 
readily soluble in organic solvents. Owing to the persistence with 
which it retained water, it was most conveniently crystallised with 
the aid of methyl alcohol, from which solvent it was deposited after 
several recrystallisations in the form of rosettes of small, colourless 
needles. Upon exposure to the atmosphere, the substance gradually 
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tumed yellow, but the colour was instantly removed by moistening 
with methyl alcohol. When heated slowly, it softened at about 99°, 
and after being allowed to resolidify melted at 130—131°5°. It 
proved to contain one molecular proportion of combined water 
(Found: N=5°7, after drying at 100°. Loss of weight at 100°= 
66. C,;H.,ON requires N=5°5 per cent.; C,,;H,,ON,H,O requires 
H,0=6°6 per cent.). 

The bimolecular ketone of piperitone failed to react with benz- 
aldehyde and sodium ethoxide under any of the conditions described. 

The investigation is being continued. 

DEPARTMENT OF ORGANIC CHEMISTRY, 


UnIvEeRsIty OF SYDNEY. 
SypNEY TECHNOLOGICAL MUSEUM. (Received, April 11th, 1921.] 


IXXXVIII.—Siudies in the Camphane Series. Part 
XXXIX. p-Aminophenylaminocamphor (Cam- 
phoryl-p-phenylenediamine). 

By Martin ONsLow Forster and WILLIAM Bristow SAVILLE. 

ReguiRING an optically active diazotisable amine for the purpose 


of another investigation, we have examined various methods of pre- 
NH-C,H,-NH, (1) 


paring p-aminophenylaminocamphor, C,H, <EO 


the camphoryl derivative of p-phenylenediamine. The common 
process for. obtaining phenylaminocamphor and its products of 
wubstitution would indicate the reduction of p-nitrophenylimino- 
amphor as the obvious source of p-aminophenylaminocamphor, 
but in spite of the readiness with which aromatic amines undergo 
condensation with camphorquinone (Forster and Thornley, T., 1909, 
%, 42; Forster and Spinner, T., 1919, 115, 889; B. K. Singh and 
wllaborators, T., 1919, 115, 566, and 1920, 117, 980, 1599), the 
uittoanilines were found to be exceptions, and a nitrophenylimino- 
amphor has not been hitherto obtainable. Incidentally, the reason 
fr this has now come to light in consequence of the indirect forma- 
ton of o- and p-nitrophenyliminocamphor, both being hydrolysed 
0 camphorquinone and the respective nitroaniline with a facility 
vhich explains the failure to produce them by direct condensation. 

The formation of these compounds has arisen from examining 
the action of nitric acid on the nitrosoamine of phenylaminocamphor. 
Under conditions which leave this base unchanged, the nitrosoamine 
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is readily nitrated, a difference recalling the behaviour of diphenyl. ati 
amine and its nitrosoamine as described by H. and P. Ryan (Pr, 
Roy. Irish Acad., 1918, 34, [B], 194). A mixture of o- and p-nitm. 
phenylnitrosoaminocamphor (IIT) is thus produced, and from the» ff; 
two substances the respective o- and p-nitrophenyliminocamphor 
(IV) have been obtained by the action of alcoholic alkali hydroxide: 


Hy, St aaa (II) —> CoH NOME NOs (11) 


Although belonging to the class characterised by the highest 
recorded optical activity, their molecular rotatory power, 313 
and 1065°, respectively, is unimportant when compared with that 
of allied substances, thus offering an example of the negative effect 
produced by the nitro-group (compare Giemsa and Halberkann, 
Ber., 1920, 53, [B], 732). 

When the nitrosoamine itself is treated with alcoholic alkali 
hydroxide, two changes take place, one analogous to the above, 
and another, which preponderates, leading to the isomeric oxime 
of N-phenyleamphorimide : 


This transformation recalls that described by Lowry (T., 1898, 73, 
1000), who showed that the isomeric change of nitrocamphor, first 
observed by Cazeneuve, leads to the oxime of camphoric anhydride; 
in the case under discussion, this rearrangement must be preceded 
by transference of the nitroso-group from nitrogen to carbon. 
Although sluggish in action with nitric acid, phenylaminocamphor 
readily takes part in the process of coupling with diazonium salts, 
when p-azo-compounds are produced. These are intensely coloured, 
but in common with other derivatives of phenylaminocamphor, 
they do not display remarkable optical activity. The sulphonic 
acid of benzeneazophenylaminocamphor (VI) has the property of 
separating from hot aqueous solution in colloidal form which 
becomes deflocculated in contact with crystals, produced by kneading 
the sludge with alcohol. It is this compound which first led to 
p-aminophenylaminocamphor by reduction, 


re NH-CpHyN:N-C,HySO,H yp) 


Hy NH, 
OH, <g ‘NH-C,H, 


C,H 14 


but the base is more conveniently prepared from its acetyl deriv- 
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yl-Mative, obtained by reducing acetylaminophenyliminocamphor, the 


product of condensing camphorquinone with p-aminoacetanilide 
(Forster and Spinner, loc. cit.). Incidentally, this origin of the 
substance establishes the position entered by the benzeneazo-group 
3 on coupling. 

An unexpected irregularity has presented itself in connexion with 
the optical activity of camphorylaminophenyliminocamphor (VII), 
the product of condensing camphorquinone with p-aminopheny]l- 
aminocamphor. Comparison of p-phenylenebisiminocamphor (VIII), 
phenyliminocamphor, and phenylaminocamphor revealed the re- 
markable effect of unsaturation and of conjugated linkages on 
optical activity (Forster and Thornley, loc. cit.), and the same point 
has been emphasised by B. K. Singh (loc. cit.), notably with reference 
to 1:4-naphthylenebisiminocamphor. From all these results it 
was to be expected that the molecular rotation of camphorylamino- 
phenyliminocamphor would be less than that of p-phenylenebis- 
ininocamphor, but it is greater : 
st ee Coe [41], 6663° (chloroform) 


II. 
(WIL) CoHy,4 8079 (pyridine) 


C:N:-C,H,:N:C [MM], 6096° (chloroform) 
_— CHG vii og? Ceti ” 6173 (pyridine) 


0n the other hand, camphorylaminonaphthyliminocamphor, 


: -N-C,,H,.-NH-CH~, [M], 7688° (chloroform) 
(IX.) CHC wt OG—7 CoH - 9261 (pyridine), 


displays molecular rotation which, although greater than that of 
the foregoing phenyl derivative, is considerably below the constant 
teorded for 1 : 4-naphthylenebisiminocamphor. 


EX PERIMENTAL. 
Nitration of Phenylaminocamphor and the Nitroso-derivative. 


Phenylaminocamphor develops with concentrated nitric acid a 
characteristic, intense cherry-red coloration, fading to pale brown 
ina few hours. The hydrochloride melts and evolves gas at 199° 
(Found: N=4-98. ©,,H,,ON,HCl requires N=5-01 per cent.). 
The acetyl derivative melts at 104° (Found: N=496. C,gH,,0,N 
requires N==4-91 per cent.); a solution containing 0°2003 gram in 
chloroform diluted to 25 c.c. gave «a, —0° 17’ in a 1-dem. tube, 
whence [a], — 35°3°. 

Attempts to prepare nitrophenylaminocamphor by direct action 
ifnitric acid failed, the base remaining unchanged when treated in 
«etic acid with one molecular proportion of the free mineral acid, 
‘ud also in sulphuric acid to which finely powdered sodium nitrate 
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was added. A dinitro-derivative, C,,H,,O;N;, was produced, hoy. 
ever, on adding nitric acid (10 c.c.) to phenylaminocamphor (5 grams) 
dissolved in glacial acetic acid (10 c.c.), separating with development 
of heat which could not readily be controlled; colour changes from 
purple through green to brown accompanied the appearance of 
orange crystals which filled the liquid. After being washed with 
glacial acetic acid and recrystallised from boiling alcohol, it melts 
at 191°, but if recrystallised from acetone, at 204° (Found: (= 
58°03; H=590; N=12°64. C,,H,,O;N, requires C=574); 
H=5'70; N=12°61 per cent.); a solution containing 0°5006 gram 
in chloroform diluted to 25 ¢.c. gave a, — 2° 25’ in a |-dem. tube, 
whence [«], — 120°7°. 

Phenylnitrosoaminocamphor (Forster and Thornley, Joc. cit.) was 
prepared by dissolving phenylaminocamphor (20 grams) in 30 per 
cent. sulphuric acid (50 c.c.), mixing with alcohol (50 c.c.), and 
adding sodium nitrite (7 grams) in water (25 c.c.) and alcohol 
(25 c.c.) slowly, with constant stirring and cooling. The crystalline 
precipitate was washed once with 50 per cent. alcohol and then 
thoroughly with water, otherwise the product darkens on drying. 
The nitrosoamine crystallises from alcohol in minute, almost colour. 
less needles, faintly yellow when viewed in bulk, and melts at 74°, 
not 80—81° as previously stated (Found: C=70°65; H=7-46; 
N=10'26. C,H, .O,.N, requires C=70°59; H=7'35; N=102) 
percent.). A solution containing 1-0250 grams in chloroform diluted 
to 25c.c. gave «)—0° 9’ ina 1-dem. tube when examined immediately, 
reaching a maximum of 0° 16’ within two hours; thus the [:}, 
changes from —3°6° to +-6°5°. Even when purified chloroform is 
used, the solution becomes deep cherry-red, and on evaporation 
leaves a residue from which camphorquinone volatilises. 

Conversion into the Oxime of N-Phenylcamphorimide (V).—The 
nitrosoamine (5 grams) was added in small portions to a solution 
of potassium hydroxide (1°3 grams) in water (2 grams) mixed with 
alcohol (8 c.c.); slight rise of temperature occurred, but gas was 
not liberated and the orange coloration at first developed quickly 
faded. One molecular proportion of alkali is necessary for com- 
plete action. On dilution with water (about 40 c.c.), the liquid 
became turbid, and after twelve hours phenyliminocamphor (0 
gram) was filtered, neutralisation with acetic acid then producing 
a voluminous white precipitate. The product separated on aqueous 
dilution of the solution in cold alcohol, which dissolves it freely; it 
formed a spongy mass of minute, thread-like needles, and was 
recrystallised by carefully adding ethyl acetate to a suspension I 
hot petroleum (Found : C=70°55; H=7°49; N=10°07. Cy¢H902)s 
requires C=70°59; H=7'35; N=10-29 per cent.). It melts at 
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8 155°, and the alcoholic solution develops an intense red coloration 
with ferric chloride. When the solution in concentrated hydro- 
chloric acid is boiled under reflux during two hours, crystals of 
eamphoric acid separate on cooling, aniline and hydroxylamine 
being found in the filtrate. A solution containing 0°4998 gram in 
chloroform diluted to 25 c.c. gave «, 4° 57’ in a 1-dem. tube, whence 
Mm (2], 247°6°. The benzoyl derivative melts at 177° after crystallisa- 
tion from aleohol (Found: C=73°36; H=6°48. C,,H,,0O3,N, 


57-65:q requires C=73'40; H=6°38 per cent.). A solution containing 


(4287 gram in chloroform diluted to 25 c.c. gave a, 2° 6’ in a 1-dem. 
tube, whence [a], 122°4°. 

o- and p-Nitrophenylnitrosoaminocamphor (II1).—The nitroso- 
amine (20 grams), dissolved in glacial acetic acid (70 c.c.), was 
treated with a mixture of 70 per cent. nitric acid (7 grams) and 
glacial acetic acid (10 c.c.), the mixture being immediately cooled 
and stirred. Yellow crystals quickly appeared, and after one hour 
the thick paste was filtered, washed twice with glacial acetic acid, 
then with 50 per cent. acid, and finally with water until the filtrate 
was neutral. The product weighed 20 grams, and after being 
extracted during eight hours with light petroleum in a Soxhlet 
apparatus, was recrystallised from hot acetone, the p-nitrophenyl- 
nilrosoaminocamphor separating in pale straw-coloured needles 
which melt and decompose at 158°; it is sparingly soluble in boiling 
iohol (Found: C=60'11; H=607; N=13:09. C,,H,,0,N, 
requires C—60°56; H=5°99; N=13°25 per cent.). A solution 
containing 0°5004 gram in chloroform diluted to 25 c.c. gave a, 0° 42’ 
ina l-dem, tube, whence [«], 35°0°. o-Nitrophenylnitrosoamino- 
amphor was found in the petroleum extract and the acetone mother- 
liquor. Successive dilution of the latter with water gave ultimately 
afraction almost free from the isomeride; it was then dissolved in 
the necessary amount of hot benzene, precipitated with an equal 
quantity of warm petroleum, and finally recrystallised from hot 
ilohol. It separates in minute, transparent, straw-coloured 
prisms, and melts at 122° with decomposition (Found : C=60°80; 
1=6:09; N+=13-08. ©,,H,,0,N, requires C=60°56; H=5'99; 
N=13-25 per cent.). A solution containing 1-0005 grams in chloro- 
form diluted to 25 c.c. gave a, 4° 36’ in a 1-dem. tube, whence [«], 
l9°, Mixtures of the two isomerides melt indefinitely at tem- 
kratures which vary between 122° and 158°, according to the 
Moportion of each. The most convenient means of separating the 
mho-compound from such mixtures is to extract them with an 
‘mount of cold benzene insufficient to dissolve the para-derivative, 
Mecipitating the more soluble isomeride with an equal volume of 
told petroleum. 
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o- and p-Nitrophenyliminocamphor (IV).—p-Nitrophenylnitros. 
aminocamphor (5 grams) was added in small portions to alcohol iy 
which sodium (0°5 gram) had been dissolved. The liquid becam 
orange and evolved nitrous fumes while yellow crystals (1°3 grams 
separated. After recrystallisation from alcohol, p-nitrophenylimin.& . 
camphor melts at 136° (Found: C=66°85; H=6:23; N=9738 
C,¢H,,0,N, requires C=67:13; H=6:29; N=9°79 per cent.). Ag 
solution containing 10001 grams in chloroform diluted to 25 cg, 
gave «, 14° 54’ in a 1-dem. tube, whence [«], 372°4°. The origimi fl. 


filtrate from this compound contained p-nitroaniline, which is aln&  ). 


formed when the purified substance is dissolved in glacial acetic™ 
acid or heated in alcohol with dilute sulphuric acid, camphorquinone ff. 
being regenerated. In consequence of this behaviour the prepara. 
tion was modified by adding p-nitrophenylnitrosoaminocampha 
(4°5 grams) to benzene (10 c.c.) surmounting a solution of potassium 
hydroxide (1°3 grams) in water (5 c.c.) and alcohol (5 c.c.), ina 
separating funnel. The aqueous layer became brown, and when 
nitrous fumes were no longer liberated the benzene was washed and f. 
allowed to evaporate, depositing 2°8 grams; but the aqueous 
alcohol contained camphorquinone and p-nitroaniline. 0-Nitro- 
phenyliminocamphor was obtained from o-nitropheny]nitrosoamino- 
camphor by similar procedure, and crystallised from alcohol in 
lustrous yellow plates melting at 142° (Found : C=67:04; H=6'48; 
N=9°77. C,gH,,0,N, requires C=67:13; H=6:29; N=9°79 per 
cent.). A solution containing 0°2057 gram in chloroform diluted 
to 25 c.c. gave «, 0° 54’ in a l-dem. tube, whence [«]p 109°4°. It 
is not hydrolysed quite so readily as the para-compound by acetic 
acid. A mixture of the two isomerides in equal parts melts sharply 
at 112°, and recrystallisation from alcohol does not change the 
melting point. The substances were first obtained in this form, 
and until the presence of o-nitrophenylnitrosoaminocamphor in the 
product of nitrating phenylnitrosoaminocamphor was recognised, it 
was believed that the molecular mixture represented an individual 
substance; hydrolysis yields a mixture of the nitroanilines, how- 
ever, whilst the rotation amounted to 237°8°, approximating to the 
mean of the values recorded above. 


p-Aminophenylaminocamphor (Camphoryl-p-phenylenediamine), (I). 


The most convenient source of this base is the acetyl derivative, 
obtained by adding zinc dust to an alcoholic solution of p- -acetyl- 
aminophenyliminocamphor until this is colourless, when it was 
precipitated from the filtrate by water and recrystallised twice 
from alcohol, then melting at 167° (Found: C=71°86; H=8'08. 
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Hy0.N, requires C=72'00; H=8-00 per cent.). A solution 
ntaining 0°9994 gram in chloroform diluted to 25 c.c. gave a, 3° 30’ 
» a l-dem. tube, whence [«], 87°5°. On heating the compound 
# grams) with alcohol (100 c.c.) and concentrated hydrochloric 
wid (100 c.c.) during three hours under reflux, the liquid when 
dd was filled with lustrous, colourless needles consisting of the 
dihydrochloride of the base (Found: N=8°73; Cl=21°50. 
gH_0N,,2HCl requires N=8-46; Cl=21'45 per cent.). The 
alt becomes pale brown at about 150°, but does not melt and 
evolve gas until 190°; a solution in water rapidly becomes brown 
vhen heated. The base separated as a sticky mass, rapidly becom- 
ig hard, when ammonia was added to the aqueous dihydrochloride ; 
he air-dried substance (12 grams) was dissolved in warm benzene 
cc.) and precipitated in pale brown crystals by adding petroleum 
c.); after a similar recrystallisation it melts at 106° (Found : 
H=8'55; N=10°80. C,,H,.ON, requires C=74°41; 
2; N=10°85 per cent.). A solution containing 0°4994 gram 
in chloroform diluted to 25 ¢.c. gave a, 1° 54’ in a 1-dem. tube, 
whence [a], 95°1°. The base is noticeably sensitive to oxygen, 
specially when dissolved. The benzoyl derivative melts at 206° 
ater crystallisation from alcohol (Found: N=7'79. CygH,gO.Nz 
requires N=7°73 per cent.). 

Camphorylaminophenyliminocamphor (VI1), prepared by heating 
aninophenylaminocamphor and camphorquinone in alcohol, is very 
sjaringly soluble in that medium; it was therefore purified by 
aiding alcohol to the solution in chloroform, slow evaporation of 
the latter leading to deposition of dense, spherical nodules, the 
aystals melting at 234° (Found: N=7-09. C,,H,,0,N, requires 
\=690 per cent.). A solution containing 0-0655 gram in chloro- 
form diluted to 25 e.c. gave «, 4° 18’ in a 1-dem. tube, whence 
t}) 1641°; a similar solution in pyridine containing 0°0603 gram 
ave a 4° 48’, whence [«]» 1990°. These correspond to [M/], 6663° 
and 8079°, respectively. 


Derivatives of p-Bcnzeneazophenylaminocamphor. 

These compounds are produced very readil y by coupling diazonium 
ults with phenylaminocamphor. On adding the solution prepared 
fom aniline (0-9 gram) diazotised in hydrochloric acid (4 grams) 
othe base (2-4 grams) dissolved in aleohol (30 grams), there de- 
ped a carmine coloration which rapidly became very intense, 
umet-coloured crystals beginning to separate within one hour. 
Nelting at 169°, the product is identical with p-benzeneazophenyl- 


‘unocamphor prepared by reducing the condensation product from 
‘uphorquinone and p-aminoazobenzene (Forster and Spinner, 
VOL, OXIx, FF 
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T., 1919, 115, 894), thus determining the para-position of ¢{ 
entrant azo-group. A solution containing 0°0701 gram in chlon 
form diluted to 25 c.c. gave «, 0° 20’ in a 1-dem. tube, when 
[x], 118°8°. It is probable that the first stage in the coupling pr 

CH-N(N:N-C,H;)-C,H gm 
‘eo 


cess is the diazoamino-compound, C,H, 


because on one occasion there was produced a substance crystallisin 
from warm alcohol in brown needles melting at 134°, and changin 
into the garnet-red azo-compound when an attempt was made tf 
crystallise it from the boiling solvent. 

p-Nitrobenzeneazophenylaminocamphor was prepared by adding 
p-nitroaniline diazotised in hydrochloric and acetic acids to phenyl 
aminocamphor dissolved in a similar mixture, an intense carming 
coloration appearing immediately; sticky lumps separated and 
became brownish-red when treated with melting ice, changing to: 
red powder on trituration with alcohol. The product was then 
easily filtered, and crystallised from much boiling alcohol in ver 
milion leaflets with gold reflex; it melts at 207—209° (Found 
N=14°32. C,,H,,0,N, requires N=14°28 per cent.). It dissolve 
much more readily in boiling acetone, of which 45 grams are require 
by six, and separates in dark red prisms; it resembles the parent 
compound in developing a rich carmine coloration when hydrochlori¢ 
acid is added to an alcoholic solution. 

p-Sulphobenzeneazophenylaminocamphor (V1) separated as a deep 
crimson, colloidal mass when diazotised sulphanilic acid was added 
to a solution of phenylaminocamphor in acetic acid, and became 
crystalline on treatment with alcohol; after recrystallisation from 
the boiling solvent, it forms deep-red needles which become purple 
in sunlight and intumesce at 235° (Found: C=60°47; H=6'6; 
N=9°01. C,..H,;0,N,8,C,H,O requires C—60°88; H=6:55; N= 
8°88 per cent.). The substance is sparingly soluble in boiling water, 
0°5 gram requiring 200 c.c., and as it cools, the pale, reddish-brown 
solution becomes much darker before being filled with a deep brows, 
gelatinous mass; this does not crystallise spontaneously, but when 
treated with alcohol or sown with a crystalline specimen it rapidly 
becomes deflocculated in the form of lustrous, reddish-purple 
needles. The portion undissolved, even after continued treatment 
with boiling water, is dark purple and crystalline, intumescing @ 
263° (Found: C=61°57; H=5-90; N=9°79. Cy gH,;0,N,8 3 
quires C=61°82; H=5°85; N=9°83 per cent.). The dry substance 
has a sternutatory effect, and an alcoholic solution develops a 
intense carmine coloration with hydrochloric acid. Reduction with 
zine dust in alkaline solution gave rise to p-aminophenylamine 
camphor. 


STUDIES IN THE CAMPHANE SERIES. PART XXXIX. 797 


pp-Diphenylenebisazophenylaminocamphor, 


7 UsH a 


(Hy< 


wepared by adding tetrazotised benzidine (0°9 gram) to phenyl- 
sninocamphor (2°4 grams) in acetic and hydrochloric acids, separates 
3a brown precipitate on adding water to the deep purple liquid. 
{ter removing impurities which are readily soluble in hot alcohol, 
Mie bisazo-compound remains as a pale brown powder, and when 
Boeystallised from much boiling alcohol melts at 244° (Found: 
(=1565; H=7-:07; N=11-90. (,,H,,0,N, requires C—76°30; 
Mi=693; N=12°14 per cent.). The colour devcloped in an alco- 
Miolic solution by hydrochloric acid is intense blue. 


CH-NH-C,HyN:N-C,H,-C,HN:N-C,HyNH-CHS 
(0) O 


{-Amino-l-naphthylaminocamphor (Camphoryl-\ : 4-naphthylenedi- 


amine), CHu<in H-C,9He- NH, 


In view of difficulties connected with the preparation of acety]l- 
|:4-naphthylenediamine, diazotised sulphanilic acid was coupled 
vith a-naphthylaminocamphor, and the product reduced. It was 
m then found that the resulting base is even more sensitive than 
paninophenylaminocamphor to oxidation by air, and it has there- 
fore been isolated only in the form of the hydrochloride and the 
oduct of condensation with camphorquinone. p-Sulphobenzene- 

. ‘i ‘ oN°Ne(* S 
wonaphthylaminocamphor, Oh: 4 cia N-N-CgHy SO;H 
eparated in the form of a thick, purple paste on adding a solution 
ofthe diazonium salt from sulphanilic acid (10°6 grams) to «-naph- 
thylaminocamphor (18 grams) which had been dissolved in glacial 
acetic acid by adding a small quantity of hydrochloric acid. After 
two hours, the product changed to dark green crystals, which were 
litered and washed with glacial acetic acid followed by acid of 
increasing dilution with water (Found : C=61°32, 61°67; H=6-30, 
635; N=7'69. C,gH,,0,N,8 requires C=65'41; H=5 66; N= 
$80per cent. C,,H,,O,N,8,14C,H,O, requires C=61°37; H==5°82; 
N=740 per cent.). In another experiment, the initial product 
rmained as a brown sludge, but when kneaded with alcohol it 
rapidly changed to minute, dark green crystals melting at 213° with 
decomposition. Rubbed on glass, the green crystals leave a violet 
stain; they dissolve in sodium carbonate, forming an orange solution 
vhich gives purple flocks when acidified. 

Reduction to the Base-—The azo-compound (18 grams) was dis- 
wlved in a solution containing potassium hydroxide (9 grams) in 
Water (45 ¢.c.) and alcohol (90 c.c.), gently warmed to prevent 

FF2 
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separation of the potassium salt in orange-red crystals, and treated 
with sodium hyposulphite (5 grams). The temperature rose and 
the colour diminished, action being completed by further addition 
of potassium hydroxide (5 grams) and sodium hyposulphite (5 grams), 
when the pale yellow liquid was diluted largely with water and 
extracted with benzene. After washing the solvent twice with 
water, it was shaken vigorously with diluted hydrochloric acid 
(40 c.c. of 1:1), the acid layer being removed and saturated with 
salt. The major portion of the hydrochloride of aminonaphthyl. 
aminocamphor, however, separated in the course of several hour 
from the benzene, being deposited in hard nodules (Found: Cl=10-00, 
Cy9H,,ON,,HCI requires Cl=10°30 per cent.). 

Camphoryl-1-aminonaphthyl-4-iminocamphor (IX), prepared by ff 
heating the hydrochloride of aminonaphthylaminocamphor (54 
grams) in alcohol with sodium acetate (3 grams) and camphor. 
quinone (2°9 grams), was rapidly deposited as a red powder, separ- 
ating from hot alcohol in brick-red crystals melting at 195° (Found: 
N=6'51. Cy9H3;,0,N, requires N=6'14 per cent.). A solution 
containing 0°0519 gram in chloroform diluted to 25 c.c. gave a, 3° 30 
in a l-dem. tube, whence [«], 1686°; a similar solution in pyridine 
containing 0°0517 gram gave «, 4° 12’, whence [«], 2031°. These 
correspond to [/], 7688° and 9261°, respectively. 


The foregoing experiments were made in the Davy-Faraday 
Laboratory. 
Roya Instirution, W. 1. [Received, May 18th, 1921.] 


LX XXIX.—Studies in the Resolution of Racemic Acids 
by Optically Active Alcohols. Part Il. Th 
Resolution of Atrolactinic and a-Hydroxy-6- 
phenylpropionic Acids by \-Menthol. 


By Henry WreEN and Epwarp Wrieut. 


THE experiments which are recorded in the present communication 
arose from the incidental observation that /-menthy] dl-atrolactinate 
(McKenzie and Wren, T., 1920, 117, 688) gradually becomes partly 
crystalline when preserved. Although the persistence of the super 
cooled condition is by no means uncommon with initial preparations 
of esters of this type, the fact that the compound in this instance did 
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not solidify completely even when strongly cooled rendered it not 
improbable that only one of the diastereoisomerides had separated 
in the solid state. This was found to be the case, since, when the 
product was suitably spread on porous paper, /-menthyl d-atro- 
lactinate was mainly absorbed, leaving a residue of nearly pure 
Lmenthyl J-atrolactinate. Subsequent experiments showed that 
the resolution could be effected more readily by crystallisation from 
light petroleum. 
ff} A similar examination of the isomeric r-«-hydroxy-$-phenyl- 
propionic acid has shown that a ready resolution may be effected 


ms by crystallisation of the /-menthyl ester from light petroleum or 


ethyl alcohol (96 per cent.); the /-bornyl ester, on the other hand, 
. fis unsuitable for this purpose, since it, like the corresponding com- 
pounds of the optically active acids, does not solidify at a convenient 
. B temperature. 
In several instances, the /-menthyl and /-bornyl esters of the 
.foptically active acids have been prepared from the latter with 
the object of securing material for seeding and of estimating the 
solubility ; the purpose of these experiments, however, has generally 
heen frustrated by the liquid nature of the compounds. 


EXPERIMENTAL. 


Resolution of r-Altrolactinic Acid by 1-Menthol. 


A. By Absorption of the Liquid Portion.—l-Menthyl dl-atro- 
letinate (b. p. 190—192°/10—11 mm., [«], —67°5° in chloroform 
slution) was seeded with a small quantity of /-menthyl /-atro- 
hetinate and preserved at the ordinary temperature and sub- 
sequently in an ice-chest for several days until further solidification 
did not appear to take place. ‘The pasty mass was spread on 
porous earthenware and afterwards on filter papers, which were 


“Js @tequently renewed. By conducting the latter operation in a power- 


ful press, it was found possible to raise the melting point of the 
rsidue to 53°5—54°5°; the product, which weighed 14:2 grams, 
* Bhhen had [«],, —97°5° in chloroform solution, whereas pure /-menthyl 
latrolactinate melts at 55°5—56° and has [«], —102°7° (McKenzie 
ind Wren, loc. cit.). 

Hydrolysis of the ester with alcoholic potassium hydroxide solu- 
tion yielded 6°9 grams of acid which melted at 99—110° and had 
1} —33°8° in ethyl-alcoholic solution. The optical purity of the 
yg rcimen was not sufficiently high to permit the isolation of the 
.piue l-acid by direct crystallisation (compare McKenzie and Clough, 
T, 1910, 97, 1019), but, by dissolving it in a suitable quantity of 

e and allowing the solution to cool, a less active crop was 
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removed ; the filtrate from this was allowed to evaporate spontane. 
ously and the residue crystallised repeatedly from comparatively 
large quantities of the same solvent, whereby ultimately a specimen 
of the l-acid was isolated which melted sharply at 115—116° ani 
had [«]j} —36°1° in ethyl-alcoholic solution (c=2°7252), wheres 
McKenzie and Clough (loc. cit.) give m. p. 116—117°, [«]}?*—37-7° 
(c=3'354) for the pure acid (Found: C=64°9; H=62. Cale, 
C=65°0; H=6'l per cent.). 

B. By Crystallisation from Light Petroleum.—A _ solution of 
l-menthyl dl-atrolactinate (43 grams) in light petroleum (b. p.40—60', 
50 ¢.c.) was cooled to —18° and seeded with a small quantity of the 
pure l-ester; the crop which separated was filtered as rapidly a 
possible through a well-cooled filter, giving thus 8°5 grams of residue 
which melted at 32—41° and had [«], —82°2° in chloroform solution, 
whilst the substance obtained from the filtrate had [«], —612. 
The crop was purified by repeated cautious crystallisation from light 
petroleum, whereby finally 1‘7 grams of /-menthyl /-atrolactinate 
were isolated, which melted at 54—55°5° and had [«]» —100°9° when 
dissolved in chloroform. The ester was hydrolysed in the usual 
manner and gave a specimen of the l-acid which melted at 116° and 
had [«], —37°2° in ethyl-alcoholic solution. 

In connexion with the experiments just described, /-menthyl 
d-atrolactinate was prepared by heating d-atrolactinic acid with 
l-menthol during twenty hours at 100° in the presence of a little 
concentrated sulphuric acid. 

1-Menthyl d-atrolactinate is a colourless, viscous liquid which 
does not solidify when placed in a freezing mixture of ice and 
salt or preserved at the laboratory temperature during several 
months. 

It boils at 154—155°/0°03 mm. (Found: C=74:9; H=99. 
Cy9H,,0, requires C=74:9; H=93 per cent.). The following 
observations of the specific rotation were made : 

In chloroform solution : 


l=2, c=1°8416, a}! —1°55°, [«]j} —41°3°. 
In ethyl-alcoholic solution : 


l=2, c=1°5476, aj} —1°82°, [a]}?* —58°8°. 


Resolution of r-«-Hydroxy-8-phenylpropionic Acid by 1-Menthdl. 


A. By Crystallisation from Light Petrolewm.—r-x-Hydroxy-+ 
phenylpropionic acid (10 grams) was heated with /-menthol (2 
grams) during sixteen hours at 120°, an intermittent current of dy 
hydrogen chloride being passed through the mixture. The produc! 
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was dissolved in ether and the solution thoroughly agitated with 
aqueous sodium carbonate solution, which, however, did not remove 
any hydroxy-acid, thus showing that the esterification had been 
carried to completion. The crude ester was purified from excess of 
‘Bi-menthol in the usual manner and ultimately obtained as a mass of 
ff crystalline needles impregnated with oil. The whole product was 
dissolved in boiling light petroleum and the solution allowed to 
crystallise; the crop which separated weighed 6 grams, melted 
at 54—55°, and had [«], —39°6° when dissolved in chloroform. After 
several further crystallisations from the same solvent, /-menthyl 
i-z-hydroxy-8-phenylpropionate was isolated in the pure condition ; 
it melted at 63—63°5° and had [«]}}—37°5° in chloroform, whereas 
McKenzie and Wren (loc. cit.) give m. p. 63—63°5°, [«]\}° —36°9° 
for the synthetic ester (Found: C=74°6; H=9°6. Cale., C=74°9; 
H=9'3 per cent.). 

For the isolation of the d-acid, the final crop of thel-menthy]d-ester 
was united with the residues obtained by the evaporation of the 
mother-liquors from all the crystallisations with the exception of 
the first, and hydrolysed with a slight excess of aqueous alcoholic 
potassium hydroxide solution. The crude acid was isolated from 
the solution in the usual manner and purified by crystallisation from 
water. The final crop melted at 123° and had [«]j}+-18°2° in ethyl- 
alcoholic solution; these data are in harmony with those (m. p. 
124—125°, [«]/} +18°5°) recorded by McKenzie and Wren (T., 1910, 
97, 1357) for the d-acid prepared by resolving the r-acid with 
morphine. 

The residue obtained by the evaporation of the filtrate from the 
initial crystallisation was hydrolysed similarly and yielded a mixture 
of r- and l-x-hydroxy-8-phenylpropionic acids which had [«], —7°0° 
in ethyl-aleoholic solution. Successive crystallisations of this 
material from benzene and water gave the pure /-acid, which melted 
at 123—124° and had [«]j; —18°7° in ethyl alcohol. 

B. By Crystallisation from Alcohol (96 per cent.).—The /-menthyl 
ester obtained from 17 grams of the r-acid by the method described 
above was crystallised from ethyl alcohol (96 per cent.) and the crop 
and residue obtained by evaporation of the filtrate were hydrolysed 
separately to the corresponding acids. 

That obtained from the former melted at 97—110° and had 
[2], +13-7°; by successive crystallisations from water and benzene, 
it readily yielded the pure d-acid, m. p. 123—124°, [«]}} + 18°4° in 
ethyl-alcoholic solution. In a similar manner the latter gave the 
pure l-acid, which melted at 123° and had [«]\] —18°7° when dissolved 
in ethyl alcohol. 

The following esters were prepared from the requisite alcohols and 
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acids by the hydrogen chloride method, heating being effected a 
120° for about twelve hours. 

1-Menthyl |-«-hydroxy-8-phenylpropionate is a pale yellow, viscous 
liquid which does not solidify when placed in a freezing mixture of 
ice and salt or when preserved at the ordinary temperature. | 
boils at 212—214°/12 mm. (Found: C=74:4; H=9°4. C1 9H,,0, 
requires C=74:'9; H=9'3 per cent.). Its specific rotation wa 
observed in solution in chloroform and alcohol : 

In chloroform solution : 

Il=2, c=2°254, aj} —3°63°, [«]ii —80°5°. 

In ethyl-alcoholic solution : 

I=2, c=2°1624, aif —2°05°, [«]i} —47°4°. 

On complete hydrolysis of the ester with aqueous ethyl-alcoholic 
potassium hydroxide solution, an acid was obtained which, without 
further purification, melted at 122—123° and had [«], —17°8° in 
ethyl alcohol, showing thus that the high temperature of the dis. 
tillation had not induced racemisation and that the ester is as 
optically stable towards alkali as its diastereoisomeride (compare 
McKenzie and Wren, T., 1920, 117, 690). 

1-Bornyl d-«-hydroxy-8-phenylpropionate is a pale yellow, viscous 
liquid which could not be caused to solidify. It boils at 209°/1] mn. 
(Found: C=75°7; H=8°7. C,,H,,0, requires C=75°5; H=87 
per cent.). Determinations of the specific rotation were made in 
chloroform and ethyl alcohol. 

In ethyl-alcoholic solution : 

I=2, c=2°6304, «ji —1°93°, [«]\} —36°7°. 

In chloroform solution : 

1=2, c=2°586, al? —0°25°, [x]? —4:8°. 

The ester is not racemised appreciably at the high temperature 
required by distillation or by aqueous alcoholic potassium hydroxide 
solution, since the acid obtained by its hydrolysis melted at 121— 
122° and had [«], +- 18°0° in ethyl-alcoholic solution. 

1-Bornyl 1-«-hydroxy-8-phenylpropionate is a pale yellow, viscous 
oil which boils at 203°5°/9 mm. (Found: C=754; H=$8%. 
C,9H,,0, requires C=75°5; H=8-7 per cent.). The following 
determinations of the specific rotation were made. 

In ethyl-alcoholic solution : 

1=2, c=2°4884, a}? —0°82°, [a]}? —16°5°. 
In chloroform solution : 
l=2, c=2°4812, a}; —2°48°, [a]ii —49°9°. 
It is remarkable that whereas the l-ester exhibits a higher specific 
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wtation in chloroform than in ethyl alcohol, the reverse is the case 
with the diastereoisomeride. 

When hydrolysed with aqueous ethyl-alcoholic potassium hydr- 
yxide solution, the l-ester yielded J-«-hydroxy-8-phenylpropionic 
yid, which, without being further purified, melted at 122—123° 


"Hi ind had [«], —17°9° in ethyl-alcoholic solution. 
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|Bornyl r-a-hydroxy-8-phenylpropionate is an almost colourless, 
viscous liquid which boils at 213—214°/14 mm. (Found : C=75°7; 
H=8'5. C,gH,,0, requires C=75°5; H=8-7 per cent.). The 
gecific rotation was observed in ethyl-alcoholic solution : 

1=2, c=4°0192, aj; —2°10°, [a]; —26°1°. 
The mean value of the specific rotations of the esters of the optically 
active acids is —26°6° under closely similar conditions. 

When hydrolysed, the ester gave r-«-hydroxy-$-phenylpropionic 
acid, which was optically quite inactive. 

Attempts were also made to resolve r-$-hydroxy-f-phenyl- 
propionic acid by means of /-menthol. The acid, however, appeared 
to be somewhat readily changed in the presence of mineral acid, and 
the esters which were obtained were invariably contaminated with 
lmenthyl cinnamate. 


One of us desires to express his indebtedness to Mr. Robert 
MacIntyre for able assistance in the early portions of the work and 
to the Research Fund Committee of the Royal Society for a grant 
which has defrayed part of the cost of the investigation. 

PURE AND APPLIED CHEMISTRY DEPARTMENT, 


MunicipaAL TECHNICAL INSTITUTE, 
BELFAST, [Received, May 3rd, 1921.] 


XC.—The Hydrolysis of Cotton Cellulose. 
By Gorpon WickHaM Montrer-WILLIAMs. 


Tue investigations hitherto carried out on the hydrolysis of cellulose 
have been critically reviewed by Irvine and Soutar (T., 1920, 117, 
1489). They point out that up to the date of their work, crystalline 
glucose had never been obtained in even approximately quantitative 
Yield from the products of hydrolysis, and that conclusions drawn 
as to the amount of glucose present had invariably been based on 
the rotation and copper reduction of an uncrystallisable syrup. 
Itvine and Soutar found that if cellulose was treated with acetic 
anhydride and sulphuric acid, the mixture of polysaccharide acetates 
F F* 
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obtained could be converted by heating with methyl alcohol and 
hydrochloric acid into a crystalline methyl-glucoside, which gave 
pure crystalline glucose on hydrolysis. The yield of glucose obtained 
was 85 per cent. of the theoretical quantity. 

The results recorded below are the outcome of an attempt to 
repeat Ost and Wilkening’s work on the direct hydrolysis of cellulose 
by 72 per cent. sulphuric acid (Chem. Zeit., 1910, 34, 461). Pre. 
liminary experiments, following exactly the method used by these 
investigators, invariably gave a syrup from which no crystalline 
glucose could be prepared. Eventually the following procedure 
was adopted : 

Ten grams of cotton-wool were dissolved in 50 c.c. of 72 per cent. 
sulphuric acid, and the dark-coloured, viscous solution was allowed 
to remain for one week at room temperature. The cotton-wool 
used contained 6°93 per cent. of moisture, estimated by drying to 
constant weight in a water-oven at 94°, and 0°13 per cent. of ash. 
The sulphuric acid solution was diluted to five litres with water, 
and boiled under reflux for a total time of fifteen hours. Traces of 
volatile fatty acids distilled into the condenser. A slight quantity 
of a dark-coloured, flocculent precipitate was present in the liquid. 
This was filtered off, dried, and weighed (0°1620 gram). The liquid 
after filtering was almost colourless. It was neutralised to litmus 
paper with barium carbonate, filtered clear from the precipitate of 
barium sulphate, and evaporated to dryness under reduced pressure 
(40 mm.). It was found in a preliminary experiment that alkalinity 
developed during the concentration. This appeared to be due 
partly to traces of sodium carbonate in the barium carbonate used. 
A few drops of methyl-red were therefore added to the distilling flask, 
and the liquid during concentration was kept neutral to this indicator 
by repeated addition of N/10-sulphuric acid. The residue from the 
distillation was extracted under reflux with methyl alcohol, free 
from acetone. After being filtered from insoluble barium and 
sodium sulphates, and decolorised by boiling with a small quantity 
of animal charcoal, the methyl-alcoholic solution was evaporated 
in a current of dry air at a low temperature. Crystals soon formed 
on the sides of the vessel, and the residue after evaporation of the 
methyl alcohol was completely crystalline and almost white. It 
weighed 9°718 grams, and on analysis gave the following figures : 

Mean. 
Moisture ny Oe bo od 30 per cnet, cxlciion) Brvscaren 
AS. ‘oO ” ” 
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Glucose (by copper reduction) 94°41) 


——— 


99°38 ,, » 


By 


Iva p 
was gi 
which 
allowe 
1-amy 
were t 
if, hov 
small ; 

In 1 
mw ni 
Jetter 
nated 
practi 
state 1 
alone 

It s 
stand 
the pi 


ULOSE, 


ol and 
1 gave 
tained 


apt to 
lulose 
Pre. 
these 
talline 
edure 


cent, 
lowed 
-wool 
ng to 
f ash. 
vater, 
es of 
ntity 
quid. 
iquid 
tmus 
ite of 
ssure 
inity 

due 


BAKER AND HULTON: AMYLASES OF CEREAL GRAINS—RYE 805 


On recrystallisation from absolute alcohol, the residue gave a 
large crop of white crystals, m. p. 144—145° (uncorr.), and a glucose- 
phenylosazone, m. p. 204—205° (uncorr.). Allowing for the moisture 
ind ash in the original cellulose, and for the small quantity (0°162 
gam) of material which was not dissolved by the acid, the yield of 
erystalline gluecse, calculated from the analysis of the crude 
product, amounted to 90°67 per cent. of the theoretical quantity. 
No other product of hydrolysis could be detected either in the 
barium sulphate precipitate or in the distillate from the evapora- 
tin. It is possible that slight losses of sugar may be due to 
inomplete washing of the voluminous barium sulphate precipitate. 
‘mall amounts may also be carried over mechanically during the 
distillation of the liquid under reduced pressure, or removed by 
the treatment with animal charcoal. These points are being further 


investigated. 


Ministry OF HEALTH, 
WHITEHALL, S.W. (Received, April 22nd, 1921.] 


XCI.—Amylases of the Cereal Grains—-Rye. 


By Juntan Levert Baker and Henry FRANcis EVERARD 
Hutton. 


ly a paper published by one of us (T., 1902, 77, 1177) an account 
was given of the properties of the amylase of barley. This enzyme, 
which has only a slight liquefying action on starch paste, when 
allowed to act on soluble starch produced about 40 per cent. of 
wamylodextrin and 60 per cent. of crystallisable maltose. These 
were the sole products formed in the first stage of the conversion ; 
if, however, the action be allowed to continue for many hours, a 
small amount of dextrose will be formed. 

In the course of an examination of the amylolytic capacity of 
rw materials containing starch used in distilleries, Windisch and 
Jeter (Zeitsch. Spiritusind., 1907, 30, 541) recorded that ungermi- 
tated rye (Secale cereale) contains sufficient amylase to saccharify 
practically all the starch present in the grain. These authors also 
state that in some Continental distilleries alcohol is made from rye 
ilone without the use of barley malt. 

It seems somewhat remarkable that the amylase of rye should 
stand out in contrast to other cereals in thus appearing’ to possess 


the properties of an amylase of germinated grain, as it might be 
F F* 2 
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anticipated that the amylases of the ungerminated Gramine. 
would be more or less similar. We thought, therefore, it would be 
of interest to study the enzymes of rye and to see in what respect 
they differ from those of barley. 


EXPERIMENTAL. 


When a filtered aqueous extract of rye is added to a 4 per cent, 
starch paste, liquefaction rapidly takes place and after a few hous 
the constants of the conversion products will be [«],+145—Lis 
and R 65—70. The iodine reaction varies from brown to light blue, 
When the conversion is fractionated by means of alcohol, the soluble 
portion consists of almost pure crystalline maltose and the insoluble 
portion of a dextrin closely resembling «-amylodextrin (loc. cit.), 
Several conversions have been carried out, of which the follow. 
ing may be regarded as typical. Two litres of a 3 per cent. 
potato-starch paste were hydrolysed at 50° with the amylase 
separated by alcoholic precipitation from 50 grams of an aqueous 
extract of rye. Portions were removed at intervals, immediately 
pipetted into a sufficient volume of boiling water to stop further 
enzymic action, and analysed. The following results wer 
obtained : 


Action_of Ungerminated Rye Diastase on Starch Paste at 50°. 
Rs-93 R5-95 

(Reducing (Reducing 

Time power as Time power as 
hr. mins. maltose.)  [a],..95 hrs. mins. maltose.) — [@]ps-™ 
2 — 56°6 +155°6° 
5 — 60°1 +1563 
10 -- 64°7 +1551 
15 — 65°2 +1561 
20 — 724 +1478 

30 — 


The course of the hydrolysis, when expressed graphically, differs 
slightly from that of a barley amylase conversion (loc. cit.), the rye 
curve being more regular. At the end of three hours the constants, 
whether barley or rye amylase be the hydrolyst, are identical. 

To separate the products formed by the action of rye amylase on 
starch for the purpose of a close examination, the enzyme from 
100 grams of rye was isolated and allowed to act on 3 litres of 3 pe 
cent. starch paste at.50° for three hours. After raising to the boiling 
point and filtering, the conversion had a purplish-brown iodine 
reaction, a specific rotatory power of [«]p3-93 + 150°, and a reducing 
power R3.93 =65°2 per cent, of maltose. The conversion was 
evaporated to a volume of 500 c.c. and poured into 3°65 litres of 94 
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cent. alcohol, the precipitated dextrin was dissolved in water, 
and again precipitated with alcohol. By this procedure about 22 
yer cent. (on the weight of the starch taken) of a dextrin was obtained 
having the constants R3.93 1°5 and [«]p3-93 184°1°. The matter in the 
alcoholic solutions was evaporated to a syrup and maltose separated 
onstanding a few hours in a state of purity. Fractionation by means 
of alcohol of a number of similar conversions gave the same order of 
results; it may therefore be concluded that when the amylase of rye 
acts on starch paste only two products are formed, namely, a dextrin 
ofan R of 1 to 2 per cent. and crystalline maltose. 

The dextrin, with constants R 1°5 and [«], 184°1°, resulting from 
the action of rye amylase on starch, was submitted to the further 
hydrolytic action for twelve hours at 50° with (1) the amylase of rye 
and (2) the amylase of malted barley : 


Rye amylase []p3-93 174°9° 
Rg.93 14°7 
Iodine reaction Deep brown. 


Malt amylase = [«]p3-93 154°9° 
Rs “93 55 D5 
Todine reaction nil. 


From these results it would appear that the products of the action 
of the amylases of ungerminated rye and germinated barley on this 
dextrin are of a similar character to those obtained when «-amylo- 
dextrin is acted on by ungerminated and germinated barley amylase 
(loc. cat.). 

Since continued fractionation with alcohol failed to alter the 
specific rotatory power or reducing power of the dextrin with the 
constants [x], 184°1° and R 1°5, we consider we are justified in con- 
duding that it is identical with the «-amylodextrin previously 
described (loc. cit.). 


Action of the Amylase of Malted Rye on Starch. 


Having shown that rye, as compared with barley, although 
yielding similar products, possesses a greater enzymic (liquefying) 
activity towards starch paste, we considered it would be of interest 
toinvestigate the action of the amylase of germinated rye on starch. 

Some rye was malted in the laboratory and dried at 40°. The 
diastatic power expressed on the Lintner scale was 100°. A cold 
aqueous extract of the malted rye or the amylase separated by 
alcoholic precipitation was allowed to act onea 3 per cent. starch 
paste at 50°, in the proportion of the enzyme from 1 gram of malted 
tyeto 1 gram of starch. Liquefaction of the starch paste took place 
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rapidly and the iodine reaction disappeared in about fifteen minutes, 
The specific rotatory power of the conversion products varied from 
146—149° and the reducing power from 80—84 per cent. of maltose. 
Several conversions were made with similar results. It will be noted 
the constants resemble those resulting from the action of malt 
amylase on starch paste. When fractionated in the customary 
manner with alcohol, crystalline maltose was obtained with greater 
ease than in the case of a malt amylase starch conversion. The 
insoluble portion (dextrin) when analysed had a specific rotatory 
power of 171-8° and a reducing power of R314; by continued 
fractionations with alcohol a dextrin was finally obtained with the 
constants [«], 180-1° and R 12-6. This dextrin was isolated, and 
extracted with boiling 85 per cent. alcohol for several hours. After 
this treatment the constants were [«], 181-9° and R 11-4, and when 
dried over sulphuric acid the dextrin was not hygroscopic; it would 
appear, therefore, that the limit of the capacity for this dextrin to 
be fractionated by alcohol has been reached. On further treatment 
of this dextrin with malt amylase for three hours at 50° there was 
evidence of a slight hydrolysis, the reducing power being raised 
only a few points. 

This final dextrin was unfermentabie, and, although possessing a 
reducing power, contained no free maltose. That this is the case is 
confirmed by the following experimental data. Some pure maltose 
was added to the dextrin in the proportions : maltose 37-7 per cent., 
dextrin 62-3 per cent. A portion of this mixture was fermented, 
control fermentations being carried out on the pure maltose and on 
the dextrin. Another portion of the mixed maltose and dextrin 
was poured into alcohol. 

Fermentation.—The loss was 35 per cent., corresponding to the 
whole of the added maltose but no more. The constants of the 
unfermented residue were [«],, 180-6° and R 14, figures which agree 
well with the original dextrin. 

Treatment with Alcohol.—The mixture of maltose and dextrin was 
poured into alcohol and the dextrin precipitated had the constants 
[x], 181-7° and R 12-8. It is thus apparent that the alcohol has 
dissolved the whole of the added maltose and that the dextrin 
remained unaltered. 

It may be concluded that the apparent maltose in this dextrin is 
in a state of combination and not merely in association. It is 
therefore an unfermentable, reducing dextrin, incapable of fractiona- 
tion by alcohol. 

Up to this point two products resulting from the action of malted 
rye amylase on starch have been isolated, namely, maltose and the 
dextrin just described. It now became necessary to ascertain if 
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other dextrins are to be found in the conversion products, since it is 
well known that a number of ill-defined dextrins of varying mole- 
cular weights can be isolated from the products of a malted barley 
amylase starch conversion. 

A specimen of the dextrin above referred to ([«], 171-8°; R 31-8) 
was submitted to the action of malt amylase for two and a half 
hours at 50°. The constants were then found to be [«], 173° and 
R 30-6, this result showing that no effect was produced and that the 
dextrin was not associated with degradable maltodextrin, notwith- 
standing its high apparent maltose content. Confirmatory evidence 
that the conversion products resulting from the action of malted 
rye amylase on starch consist solely of crystallisable maltose and a 
dextrin, is afforded by submitting such products to fermentation 
by S. cerevisie. We found that in three days a conversion having 
the constants [«]p 149-5° and R 77 lost 70-6 per cent. of the solids in 
solution and that the calculated constants of the matter fermented 
closely approached those of maltose. The unfermented portion 
contained a trace of maltose and the impurities from the yeast. 
The constants, however, were not far removed from those of the 
dextrin ([%],3-93 181-9°; R 11-4) described above. 


Conclusions. 


(1) Ungerminated rye amylase, when allowed to act on potato- 
starch paste at 50°, readily liquefies the paste and yields «-amylo- 
dextrin (R_ 1-5; [a], 184-1°) and maltose, which can be obtained 
crystalline after one fractionation with alcohol. This is in accord- 
ance with the behaviour of ungerminated barley diastase. 

(2) The amylase of germinated rye under the same conditions 
yields a non-hygroscopic, unfermentable reducing dextrin (R 10-8; 
[x] 181-9°) and crystalline maltose. That there is no production 
of the intermediate, degradable maltodextrins such as are formed by 
the action of malt amylase on starch is shown by the fact that 
almost the whole of the apparent maltose in the original conversion 
is fermentable by yeast and that the intermediate alcoholic fractions 
are undegradable by malt amylase. 


Tae Stac BREWERY, 
Prutico, S.W. [Received, April 23rd, 1921.] 
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XCII.—The Formation and Stability of spiro. 
Compounds. Part IV. Ketones Derived from 
Open-chain and Cyclic Glutaric Acids, 


By Grorcr ARMAND ROBERT Kon. 


THE tetrahedral theory of the structure of the carbon atom which 
forms the basis of the Baeyer strain hypothesis leads, as is wel] 
known, to the prediction that five-membered carbon rings are those 
which should be most easy of formation, whereas rings composed 
of a greater or a smaller number of carbon atoms are correspondingly 
more difficult to produce, the figures calculated by Baeyer (Ber, 
1885, 18, 2278; 1890, 23, 1275) for the angles through which the 
normal tetrahedral angle (109° 28’) has to be deflected in order to 
form the ring—a figure which Baeyer regards as indicating the 
relative stabilities of the rings when once formed—being 


cycloPropane 24° 44’ cycloHexane — 5° 16 
cycloButane .............0000. 9° 44’ cycloHeptane ............ —9° 33’ 
cycloPentane 0° 44’ cycloOctane 


Although experimental evidence is on the whole in support of 
this hypothesis, there are certain outstanding discrepancies in view 
of which it appears necessary to remould the theory in a some- 
what fundamental manner. For this purpose careful comparative 
investigations of the conditions governing the formation of the 
different carbon rings are essential, and it is the purpose of the 
present paper to deal with the factors affecting the closing and 
disruption of four-membered carbon rings, in particular of rings 
which may be described as extra-annular, that is to say, those 
which are external to some other ring. 

Now, of the many methods which have been used for the pre 
paration of alicyclic derivatives two are of primary importance. 


They are: 
(1) The distillation of the calcium salts of dibasic acids (Wislicenus, 


Annalen, 1893, 275, 309). 

(2) The elimination of alcohol from esters of dibasic acids (Dieck- 
mann, Ber., 1894, 27, 102). 

These two methods are of particular interest for purposes of com: 
parison because they are both concerned with the transformation 
of dibasic acids into ring ketones. Together they constitute some 
of the strongest evidence supporting the Baeyer strain hypothesis, 
for, hitherto, the only members of the series’of dibasic acids which 
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have been found to undergo these reactions at all smoothly are 
those of the adipic and pimelic series, that is, those which produce 
fve- and six-membered ring ketones respectively. Moreover, it is 
of importance to note that those acids which can be converted 
into ketones are incapable of yielding anhydrides under the usual 
experimental conditions, and that those acids which can be con- 
verted into anhydrides have not been found to produce ring ketones 
by means of either of the reactions mentioned above. Thus, whilst 
succinic and glutaric acids readily yield anhydrides but not corre- 
sponding cyclic ketones, adipic, pimelic, and suberic acids give no 
stable anhydrides, but, on the other hand, are readily converted 
into ketones.* 

In each case the limiting condition appears to lie between those 
which hold in glutaric and in adipic acids. There can, however, 
be no question but that there is a very great difference of stability 
between the cyclic products derived from these two acids, and that 
in order to ascertain the limiting condition with any degree of 
accuracy the investigation of compounds having intermediate 
stabilities is required. 

In a recent paper (this vol., p. 305) Ingold has directed attention 
to the remarkable effect of the gem-dialkyl group in promoting the 
formation of three-, four-, and five-membered carbon rings, as well 
as of certain five- and six-membered heterocyclic rings. This is 
ascribed to the fact that in a normal polymethylene chain the angle 
between each pair of carbon-to-carbon valencies is not 109°5°, as 
the Baeyer hypothesis requires, but a greater angle, namely, 115°3°, 
which is governed by the principle that the spatial arrangement of 
valencies not concerned in ring formation is determined by the 
relative atomic volumes of the atoms to which they are attached. 
This hypothesis receives further support from the relative ease of 
formation and the stabilities of the various types of carbon ring, 
in particular from the difficulty with which the closure of the cyclo- 
butane ring is attended (loc. cit.) and from the almost equal stabilities 
of five- and six-membered carbon rings. When, however, a gem- 
dialkyl group is introduced into a normal polymethylene chain, the 
angle between the carbon valencies is deformed from 115°3° to 
109°5°; consequently, the formation of the carbon rings the internal 


* It is true that in a preliminary note (J. Russ. Phys. Chem. Soc., 1897, 29, 
280) Zelinsky states that two of his pupils, Yakovleff and Bieltzoff, had suc- 
ceeded in preparing small quantities of dimethyl- and diethyl-cyclobutanones 
by distilling the barium salts of the corresponding dialkylglutaric acids. 
These ketones, however, were only characterised by somewhat indefinite 
boiling points, and no proofs were given of their cyclic structure. It is shown 
in this paper (p. 815) that there is reason to doubt the correctness of the 
constitutions assigned to them, 
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angles of which are less than 115°3°, namely, the cyclopropane 
cyclobutane, and cyclopentane rings, takes place with greater readj. 
ness from the gem-substituted than from the unsubstituted open. 
chain. 

When the constituents of the gem-grouping themselves form part 
of a ring, a further convergence may occur. Thus it has been show 
by Beesley, Ingold, and Thorpe (T., 1915, 107, 1080; see als 
Ingold and Thorpe, T., 1919, 115, 320) that if the angle between 
the valencies joining the acetic acid residues to the central carbon 
atom of #$-dimethylglutaric acid is 109°5°, the corresponding angk 
in cyclohexanediacetic acid is appreciably less, namely, 107-2 
Consequently the formation of rings by the interaction of the 
acetic residues, or substituents attached thereto, takes place with 
greater facility in the latter case than in the former : 

ae Fpne. CO,H — re ul 
H’ SCH,-CO,H Me“ ‘CH,CO,H 


CH,-CH, ,CH,-CO,H 
CH, > Cy 107°2° 


CH,-CH, “CH,-CO,H- 


These gem-substituted glutaric acids, therefore, occupy various 
positions intermediate between glutaric and adipic acids in the 
scale of stability of the ketones to which they should give rise; 
in particular, they, in all probability, occupy positions in the 
restricted region common to ketone- and anhydride-forming dibasic 
acids. If “ figure of instability ” * be used to represent the various 
degrees of instability of the different potential ring compounds, 
then there must be some “ critical figure ’’ corresponding to the 
limit beyond which the closure of the ring by a given method 
becomes impossible. Since the figures for the ketones derived 
from the various open-chain and cyclic gem-substituted glutaric 
acids clearly lie in the region of the critical figure, it should be 
possible by an examination of these cases to make a close estimate 
of this important constant. It was therefore decided in the first 


* The author is asked by Prof. J. F. Thorpe to give the following definition 
of the term “figure of instability.” In the first place, it must be clearly 
understood that it is not suggested that the alteration in the tetrahedral 
angle produces any distortion of the molecule such as would lead to a form 
of stereoisomerism which has not yet been observed and which it is unneces- 
sary for the present purposes to consider capable of occurrence. The stress 
set up by the altered tetrahedral angle is borne by the whole molecule, partly 
by the curved valencies and partly by the carbon atoms themselves. It does 
not lead to the production of asymmetry, but gives rise to a condition of 
strain of which the “ figure of instability ” is a direct measure. 
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place to investigate, besides glutaric, 8-methylglutaric, and £8- 
dimethylglutaric acids, the three cyclic derivatives which have 
already been prepared, namely, cyclopentanediacetic, cyclohexane- 
diacetic, and cycloheptanediacetic acids, with reference to their 
capacity for passing into ring ketones by means of the reactions 
mentioned on p. 810. The present part of this series deals primarily 
with the complete investigation of the products formed when the 
calcium salts of these acids are distilled. 

Now it is shown in this paper that, although the cyclic ketones 
derived from the different glutaric acids in no case survive the 
conditions of a calcium-salt distillation, it is possible, fortunately, 
torecognise their formation with certainty owing to the fairly simple 
character of the decompositions which ensue. It is therefore of the 
highest importance to observe that, whilst with glutaric acid and 
3methylglutaric acid there was obtained no evidence of the pro- 
duction of four-carbon, cyclic ketones, in every case in which a 
gem-substituted glutaric acid was used, namely, $8-dimethylglutaric 
aid, 83-diethylglutaric acid, and cyclopentane-, cyclohexane-, and 
cyloheptane-diacetic acids, the formation of the ring ketone was 
the primary reaction. 

Comparatively few investigations on the thermal decomposition 
of compounds containing alicyclic rings of the more highly strained 
types appear to have been carried out hitherto, but those which 
have been made have shown unquestionably that the primary 
reaction is always a transformation into the corresponding un- 
saturated isomeride. Thus Tanatar showed that cyclopropane 
passes at red heat into propylene (Ber., 1896, 29, 1297; 1899, 32, 
102), whilst Ipatieff and Hahn (Ber., 1903, 36, 2014, 2016) proved 
that in the presence of a contact material such as alumina the 
reaction takes place below 400°, and that methylceyclopropane and 
|:l-dimethyicyclopropane undergo an analogous transformation 
when subjected to similar conditions. 


CH, 
CH, 
McHC< i >  CHMe:CH-CH, 


H.C< —>  CH,CH-CH, 


2 
Me. .~~CH, ‘ 
Me? CS —> CMe,:CH-CH, 


Consequently it is not altogether surprising that the cyclic ketones 
produced during the calcium-salt distillation, in all those cases 
in which they are undoubtedly the primary products, isomerise 
under the experimental conditions employed, yielding unsaturated 
ketones in agreement with Tanatar and Ipatieff’s observations. 
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Thus the cyclic ketone from dimethylglutaric acid yields mesityl ff th 
0 


oxide (I), 
Mesc<CHisco => = MP o:cH-com 
Me~~SCH, Me7~ U-CH-COMe 
(L) 
CH,CH CH,n, CH,CH 
HiC<q.CH CS CH OO —> BaC<og op] CCH, COMe 
(II.) 


whilst that from cyclohexanediacetic acid is transformed into 
Wallach’s cyclohexenylacetone (II).* Similarly, cyclopentanedi. 
acetic acid yields cyclopentenylacetone (III), cycloheptanediacetic 
acid cycloheptenylacetone (IV), and §8-diethylglutaric acid the 
ketone (V). 


CRA ccs cee CH,-CH,CH.S, n.car 
aoe faa Oo 
(III) (IV.) 
Et>¢.CH,-COM 
CHMe~ — 

(v.) 


No trace, however, of the corresponding unsaturated ketones 
could be isolated from the distillates of the calcium salts of glutaric 
and @-methylglutaric acids. In each of these cases the yield of 
distillate was very small and its character quite different from that 
of the distillates from the ($-disubstituted glutarates already 
mentioned. In fact, it was an exceedingly difficult matter to 
identify any of the products with certainty, and almost impossible 
to account for any considerable proportion of the mixture as pure 
separated substances. However, the experiments carried out (see 
pp. 828—830) with the calcium salts of these two acids make it 
evident that the decompositions which take place on distillation 
are of a deep-seated character, and, unlike the other cases dealt 
with, cannot be traced to the formation of cyclic ketones. 

With regard to the unsaturated ketones obtained from the 
88-disubstituted glutaric acids, it should be added that an exhaustive 
investigation of the distillates revealed in each case the presence 


* This ketone and a few of its homologues have been prepared by Wallach 
(Annalen, 1912, 394, 376), who assigned to them the above constitution 
mainly on account of their optical properties. A similar constitution is 
temporarily assigned to the new ketones (III), (IV), and (V), as their properties 
are undoubtedly similar. 

The intracyclic character of the double bond in all these compounds is, 
however, called in question by some experiments now in progress in this 
laboratory, and it is possible that the alternative formule of the type 


GH? >C:CH"COMe may have to be substituted for those given above, 
Us, ‘ : 
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sityl ff three decomposition products evidently derived from the un- 
saturated substances by the hydrolytic action of the water which 
yas invariably present under the conditions of the distillation. 
Thus from dimethylglutaric acid there were obtained acetone and 


s.methylpropylene : 
‘OMe CMe,== CH:COMe oop CMe,0-+Me-CO-Me 
CaO 
into CMe,=CH/|-COMe —_ CMe,=CH,+ Me-CO,H 


nedi whilst isophorone (VI), which was also isolated in this case, was 
~ probably formed by the condensation, under the influence of the 
the calcium oxide, of one molecule of mesityl oxide with one of acetone : 


Me,C:CH-COMe Me,C-CH,*CMe 
- — I 
Me-CO-Me H,C-CO—CH 
(VI.) 


Similar products were found in the other cases, but the character 
of the least volatile constituents could not be elucidated with 
certainty. Acetone and a hydrocarbon of the general formula 
ones # (RCH, were isolated in each case, and also, in the cases of cyclo- 
pentanediacetic and ($-diethylglutaric acids, cyclopentanone, and 
diethyl ketone respectively. The nature of these products clearly 


re accords with the general scheme, 

eady 

r to pipes .C-CH,: CH,-CH, , 

‘be CH-CH>C°CHaCOMe  —> yy qq >CO-+ MeCOMe 
pure f CaO 

(see CH,-CH CH,-CH,._.. 

ke it dee CCH," COMe — OH, -CH,7 CCHat+ Me-CO,H 


(VII.) 


although their formation is more easily accounted for if the altern- 
itive formula C,H, >C:CH-COMe (see footnote, p. 814) is assumed 
or cyclopentenylacetone. It must, however, be borne in mind 
that in a very similar case Wallach obtained methylenecyclohexane 
om cyclohexeneacetic acid (Annalen, 1907, 353, 287). 


CH, CH. | -CH, CH, 
C 2 2 (' o( ; N x 
Hi, <cH--cH?C CH,°CO,H —> H,C< CH2CH> CCH, +00; 


(VIIL.) 
The formation of saturated ketones (diethyl and dipropyl ketones) 
“this also observed by Yakovleff and Bieltzoff (loc. cit.) in the cases 
type tudied by them. ‘These substances would be expected to result 
fom the fission in accordance with the above scheme of compounds 
it theJgeneral type CH,:CR-CO-CH,R (where R=Me or Et) and it 
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appears highly probable from the results of the present investigation 
that the Russian observers were actually dealing with compounds 
of this type. 


|The following note has been written by Mr. C. K. Ingold.] 


Probably the best analytical expression with which to identify 
the figure of instability for any type of ring is that for the maximal 
curvature of its valencies (Ingold and Thorpe, oc. ci.) in the limiting 
condition in which they are the seat of the whole of the intra. 


. ; ba 
molecular strain. This curvature may be defined as —, where 2 
os 


is the inclination of the straight path to any tangent to the corre. 
sponding curved path, and ds is an element of the latter. If 24 
be the inclination between two adjacent terminal tangents at a 
point of junction of two curved paths, then for any given type of 


ring 6 will differ from a— | as” only by a quantity which, so far as 


the partial differentiation is concerned, is a constant. Hence, for 
an x-membered ring, the figure of instability reduces to 
ba fae 
“~ — ) - 
<5 ls=0= ~7 098 ( 0+ ~ ) 
since the variability of the differential is negligible (/oc. cit.). For 
four-membered rings the expression becomes 


1/2 (sin 6—cos 6). 


The application of these formulz to the cases under discussion 
clearly involves the tacit assumption that it is unnecessary to 
make any special allowance for the influence of the ketonic group 
on the strains borne by the cyclic valencies. That this view is not 
altogether justified has already been indicated in general terms 
(Ingold, loc. cit.), but, unfortunately, it is not possible at the present 
time to make any precise estimate of the effect on stability of the 
cyclic ketonic group. It happens, however, that this is not 4 
matter of prime importance in the present connexion, for, as the 
ketone groups are similar both in number and situation in all the 
cases here dealt with, the scale of relative values of the figures of 
instability as calculated by the method given will still remain valid, 
although the reduction of these figures to any absolute standard 
may require the introduction of a correction into all of them. 

It is necessary, therefore, merely to substitute appropriate values 
for 6 in the above expressions in order to obtain figures of instability 
for the various cyclic ketones. A method of calculating 6 for those 
ketones containing no second ring attached to the first has already 
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een described in the paper referred to above (Ingold, Joc. cit.), 
yhilst the general expression 


cos 6=} |+/cos? 8-+8—cos 8} 


for the same angle for ketones which correspond with the various 
elie gem-diacetic acids, and which are therefore spiro-compounds, 
has been given in Part III of this series (Becker and Thorpe, T., 1920, 
117, 1579). 

The arithmetical figures to which these formule lead for the 
instabilities of the ketones corresponding with the normal-chain 
dibasic acids are as follows : 

Succinic acid "927 Pimelic acid 
Glutarie ,, Suberic ,, 
Adipic 0°126* Azelaic7 ,, 

It will be noticed that only those acids indicated by the asterisk 
have actually been shown to yield the appropriate ketones when 
their calcium salts are distilled. The figure 0-436, therefore, clearly 
represents a ketone too unstable to survive the conditions of a 
calcium-salt distillation, even if originally formed; on the other 
hand, a ketone of instability 0-126 is sufficiently stable to be pre- 
pared in this way. The critical figure, therefore, lies somewhere 
in the rather wide interval between 0-436 and 0-126. Whether this 
can be narrowed down to the interval between the figures 0-343 
and 0-203 for azelaic and suberic acids is doubtful, as in these cases 
the figures given by the formule are actually negative and the 
significance, if any, of the sign (omitted in the table) is uncertain. 

The manner in which the interval between 0-436 and 0-126 is 
subdivided by the figures representing the substituted glutaric acids 
is exhibited in the following table : 

[Glutariec acid 0°436] cycloHexanediacetic acid 0°301 


cycloPentanediacetic acid 0°344 cycloHeptanediacetic acid 0°266 
Dimethylglutaric acid ... 0-339 [Adipic acid 0°126] 


Of equal importance with the figure of critical stability is the 
corresponding figure for the formation of the ring. It has else- 
where been indicated that these are by no means necessarily identical 
(Ingold, Joc. cit.), a fact which, although made evident by a con- 
‘iderable amount of experimental testimony,} appears hitherto to 
have been largely ignored. Following the method previously used, 
itcan be shown that the ‘‘ formation-numbers,” that is, the figures 


t Compare Harries and Tank, Ber., 1907, 40, 4555. 

_+ Thus there are numerous instances showing that although cyclobutane 
"ngs are much more difficult to close than cyclopropane rings, when once 
produced the former are actually more stable than the latter (Perkin and 
Simonsen, T., 1907, 91, 817; Campbell and Thorpe, T., 1910, 97, 2418). 
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representing the difficulty with which the closure of the ring js 
attended, are given with sufficient accuracy by the expression 


sin? d—0-29, 


where @ has the same meaning as before. From this we obtaiy 
the following values : 


Glutaric acid , cycloHexanediacetic acid... 0°36 
88-Dimethylglutaric acid ).. 0°38 
cycloPentanediacetic acid J 
In the present paper it is shown that, although the cyclic ketones 
are undoubtedly the products first formed when the calcium salts 
of the $-disubstituted glutaric acids are distilled, none of them 
survives the experimental conditions but is converted into an 
isomeric ketone or other product of ring fission. Consequently the 


cycloHeptanediacetic acid... 0°35 


figure for the critical stability governing this reaction must lie§®™” 


within the narrower range 0-266 to 0-126. On the other hand, 
there is no evidence of the formation of tetramethylene ketones 
from either glutaric or f-methylglutaric acid and it can be 
inferred that the critical formation number for such ketones is 
limited to the interval between 0-43 and 0-38. 


EXPERIMENTAL. 
Preparation of Substituted Glutaric Acids. 


Glutaric acid was prepared by the oxidation of cyclopentanone 
by means of dilute nitric acid (D 1°2) (Wislicenus and Hentzschel, 
Annalen, 1893, 275, 309), 8-methylglutaric acid by Day and Thorpe’s 
method (T., 1920, 117, 1465), and all the other acids by Guareschi’s 
method (compare Kon and Thorpe, T., 1919, 115, 686). 

For the preparation of large quantities of material by the last 
method it has been found advantageous to work with 1} gram- 
molecules of ketone at a time and to carry out the condensation in 
the cold: the reaction mixture contained in a wide-mouthed, 
stoppered bottle is left in a freezing mixture for some hours and 
then at the ordinary temperature, instead of being kept at 40°. 

Except in the cases of diethyl ketone and suberone (Day, Kon, 
and Stevenson, T., 1920, 117, 644), the contents of the bottle 
become solid, the reaction being completed after twenty-four t 
forty-eight hours. 

The solid is purified by grinding with ether, dissolved in hot water 
(about 1} litres), and the solution acidified, precipitating the imide. 
The yields are good, reaching 75 per cent. of the theoretical in some 
cases. 

For the hydrolysis Thole and Thorpe’s method (T., 1911, 99, 422) 
was used and gave excellent results. 
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Preparation and Distillation of Calcium Salts.* 


Of the several methods tried, that described below was found to 
ive the best results and was adopted as the standard for all the 
yids examined. 

One gram-molecule of the acid is dissolved in dilute ammonia, 
the excess of ammonia boiled off and the solution poured on a paste 
nade by slaking 100 grams of calcium oxide (this is a considerable 
excess). ‘The mixture is thoroughly stirred, evaporated to dryness 
m a steam-bath, and the salt powdered and well dried at 100°. 
The powder is divided into twelve portions, and these are subjected 
o distillation in a stream of nitrogen in the apparatus described by 
Day, Kon, and Stevenson (loc. cit.). 

The distillate is separated from a small amount of water which 
always collects, dried over calcium chloride, and fractionated. 


|. Acids containing a Quaternary Carbon Atom 
in the $-Position. 


68-Dimethylglutaric Acid. 


The yield of distillate from a gram-molecule of this acid was 
wually 70 to 80 grams. The distillate was quite transparent and 
ofa dark amber colour. 

Result of fractionation : 


(1) below 100° .......19°4 grams (3) 140—190° ....... 4°8 grams 
(2) 100—140° ......... ae (4) 190—250° ....... 42°0 ,, 


On progressive fractionation, the following compounds were isolated : 

(1) Acetone.—This was identified by the boiling point and the 
formation of the semicarbazone melting at 187° (Found : N=36°74. 
Cale., N=36°48 per cent.). 

The yield of acetone was about 17 grams, or 30 per cent. 

(2) Mesityl Oxide—This was contained in the second fraction 
and 2 grams (5 per cent.) of rather indefinite b. p. were iso- 
lated; the compound was identified by its semicarbazone (m. p. 
162° [decomp.]) (Harries and Kaiser, Ber., 1899, 32, 1339), which 
was directly compared with a specimen prepared in the usual way 
(Found: N=27-28. Cale., N=27-08 per cent.). 

(3) isoPhorone (VI).—The third and the fourth fractions con- 
tained this ketone, which was not accompanied by any other 
‘ompound. It was isolated by means of its semicarbazone, 
which, when purified by repeated crystallisation from alcohol, was 


. Barium salts were found to give the same results as calcium salts, without 
uoticeable difference in yield; lead salts were unsatisfactory. 
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obtained in fine plates melting at 190—191° (Crossley and Gilling, 
T., 1909, 95, 19). The semicarbazone was identified by dire 
comparison with a specimen prepared from the ketone obtained 
by Knoevenagel’s method (Annalen, 1897, 297, 113) (Found: 
C=61°42; H=8°83; N=21°98. Cale., C—61°51; H=8-77: N= 
21°53 per cent.). 

The ketone regenerated from the semicarbazone by treatment 
with oxalic acid and steam distillation had the following properties: 


b. p. 212°/763-5 mm. *; d?2° 0-91985; nF’ 147613; 


whence [#,], 42-35, which is in good agreement with the figures 
found by Knoevenagel, as recalculated by Auwers and Eisenlohr 
(J. pr. Chem., 1910, [ii], 82, 129). 

On treatment with hydroxylamine under the conditions described 
by Bredt and Riibel (Annalen, 1898, 299, 170), an oxime was 
obtained, which on repeated crystallisation from ether and light 
petroleum could be separated into two forms, melting respectively 
at 79° and 102° (Wolff, Annalen, 1901, 322, 380). In accordance 
with the observation of Kerp and Miiller (Annalen, 1898, 299, 220; 
1896, 290, 140) these oximes gave high results when analysed for 
nitrogen (Found: N=10-60, 10-62. Cale., N=9-14 per cent.). 

The yield of isophorone is about 45 grams, or 33 per cent. 

(4) The formation of an unsaturated hydrocarbon was demon- 
strated by passing the gaseous products of the reaction through a 
U-tube cooled by means of liquid air. The liquid condensed in this 
way contained much acetone and a hydrocarbon which volatilised 
when the temperature of the mixture was allowed to rise. The 
hydrocarbon was passed into bromine and on removing the excess 
of the latter a heavy liquid was obtained, which was distilled. The 
portion boiling at 148—150° consisted of isobutylene dibromide, as 
it gave on heating with water in a sealed tube the odour of iso- 
butaldehyde (Eltekoff, Ber., 1878, 14, 990) (Found: Br=73-29. 
Cale., Br=74-04 per cent.). 


68-Diethylglutaric Acid. 


Only one experiment was carried out with this acid, in which 
1-2 gram-molecules (226 grams) were used. The yield of wel 
distillate was 109 grams. Result of fractionation : 


(1) below 100°......... 22° ‘3 grams (5) 190—220° 
(2) 100— ve (6) 220—280° 
(3) 140—165° “ Residue 

(4) 165—190° 


* Pure naphthalene boils at 215° under similar conditions. 
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From the fraction of lowest b. p. two compounds were isolated 


by refractionation and treatment with water. 
(1) Acetone.—This was separated from the other constituent of 


the mixture owing to its solubility in water and identified by means 
of the semicarbazone melting at 187°. The yield of acetone appeared 
to be about 12 grams, or 16 per cent. 

(2) B-Ethyl-As-butylene, CEt,:CH,.—The oil remaining after the 
acetone had been removed was carefully dried and fractionated 
with the aid of a short column. After two distillations it boiled 
at 67—68° as a colourless, mobile liquid with a slight odour of garlic 
(Found : C=85-14; H=14-18. C,H,, requires C=85-60; H=14-40 
per cent.). Physical properties : d*°> 0-69403, nj;° 1-40276, whence 
[Ri]p 29°55. Cale. for CgH yo, 29-44. 

When the hydrocarbon was treated with bromine in chloroform 
solution two atoms of the halogen were taken up. The resulting 
dibromide boiled at 108—110°/50 mm. and possessed a pleasant, 
camphoraceous odour. On heating with water in a sealed tube for 
several hours, this yielded an aldehyde, recognised by the silver- 
mirror test, thus confirming the constitution of the hydrocarbon. 

(3) Diethyl Ketone—This compound was isolated from the por- 
tions of the distillate boiling between 100° and 140° in the form 
of its characteristic semicarbazone, which forms glistening, flattened 


-atment 
perties : 


ee 2 needles melting at 139°. It was identified by direct comparison 
6 (Found: N=29-70. Cale., N=29-35 per cent.). The amount 


formed appears to be about 5 grams, or 5 per cent. 

(4) On refractionating the third, fourth, and fifth fractions a very 
considerable portion of the distillate boiled between 160° and 190°. 
The weight of this fraction was 38 grams, corresponding with a yield 
of 25 per cent. It consisted of a ketone, CgH,,0, to which the 
constitution V was assigned. The fraction, b. p. 160—190°, 
was treated with semicarbazide acetate and the semicarbazone 
collected and purified by rubbing with light petroleum. It was 
very soluble in most organic solvents and difficult to purify; it 
crystallised best from a mixture of ethyl acetate and light petroleum 
(b. p. 60—70°), from which it separated in silky, flattened needles 
melting at 145—146° (Found : N=23-13. C,H,,ON, requires N= 
22-93 per cent.). 

The existence of a more fusible modification of this semicarbazone 
could not be definitely established. The ketone reacted also with 
semicarbazide hydrochloride, although very slowly; the compound 
obtained was identical with the one described above. 

The ketone regenerated from the semicarbazone by means of 
oxalic acid was a colourless liquid with a characteristic odour 
reminiscent both of isophorone and mesityl oxide and boiling at 
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164—166°/759 mm. (Found: C=75:86; H=11:19. C,H,,0 r. 
quires C=76-13; H=11-18 per cent.). Physical properties: jf. 
0-85444; njy* 144241; whence [R;] 38-83. Cale. for C.H,,0\/,f, 
38-72. 

The oxime of the ketone was prepared by warming it with hydroxyl. 
amine hydrochloride and sodium carbonate in alcoholic solution 
for one hour. On removing the alcohol by evaporation, the oxime 
separated as a colourless oil, which was taken up in ether and 
purified by distillation. It boiled at 118—119°/19 mm. and did 
not solidify when cooled in a freezing mixture (Found: N=9-76, 
C,H,,ON requires N=9-92 per cent.). 

The catalytic reduction of the ketone CgH,,0 to the compound 


CHEt,"CH,*COMe by means of colloidal palladium and_ hydrogen fy. 


was found to proceed very sluggishly and incompletely, and although 
the treatment was repeated three times the product still reduced 
permanganate. After being purified by shaking with a solution 
of the latter reagent, the new ketone, CgH,,0, was isolated in the 
form of its semicarbazone, which melted at 141—142°. It crystal- 
lised from a mixture of ethyl acetate and light petroleum (b. p. 
60—70°) in silvery plates or from methyl alcohol in long, flattened 
needles (Found: C=58-37; H=10-27. C,H, ON, requires C= 
58-34; H=10-34 per cent.). It appeared to be less soluble than 
the semicarbazone of the unsaturated compound. 

(5) The fraction of highest b. p. obtained in this experiment ff; 
was distilled under ordinary pressure, and several fractions were 
collected. The most important was that boiling between 24(° 
and 260°. 

The composition of this fraction approximates to that required 
by the formula C,,H,,0 (Found: C=79-51; H=10-49. Cale, 
C=79-47; H=10-90 per cent.), but a definite substance has not, 
as yet, been isolated from it, as a crystalline oxime or semicarbazone 
could not be obtained. 


eycloPentanediacetic Acid. 


The yield of the distillate, which was dark green in colour, was 
usually about 90 grams. 
Result of fractionation : 
(1) below 100° 125 grams (4) 210—250° ....... 12°0 grams 
2) 100—160° 59, (5) 250—320° .......24°0 5, 
(3) 160—210° 3 ws 


On progressive fractionation, 16 grams of liquid boiling below 
100° were obtained and about 27 grams boiling between 160 
and 210°. 
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The lowest fraction was separated into two constituents by 
shaking with water, exactly as described in the foregoing case 


see p. 821). 
(1) Acetoxe was identified as before by its boiling point and the 


-Hformation of the semicarbazone. Yield about 12 grams, or 20 per 


=9-76, 


pound 
lrogen 
hough 
duced 
lution 
in the 
ystal. 
(b. p. 
tened 
3 C= 
than 


iment 
were 
240° 


uired 
Calc., 
3 not, 
Azone 


cent. 
(2) Methylenecyclopentane (VIT).—The portion insoluble in water, 


which amounted to about 4 grams, boiled, after careful drying, 
between 70° and 82° and consisted of the above hydrocarbon. On 
refractionation, this was obtained as a mobile, colourless liquid 
with a penetrating odour resembling that of garlic and having the 
following properties: d?°° 0-7905; nj 144070; whence [Az], 
27-41, in good agreement with the figures given by Wallach (Annalen, 
1906, 347, 325) (Found: C=87-39; H=11-81. Calc., C=87-70; 
H=12-30 per cent.). The substance was further identified by the 
formation of the nitrosochloride melting at 82°. 

(3) From the fraction, b. p. 100—160°, a little cyclopentanone 
was isolated and recognised by the formation of its semicarbazone 
melting and decomposing at 205—206° (Wallach, Annalen, 1906, 
347, 326) (Found: N=29°95. Cale., N=29°76 per cent.). 

(4) The large middle fraction, on redistillation, yielded nearly 
% grams of an oil boiling between 178° and 188° and consisting of 
cyelopentenylacetone (III); this substance can also be recovered 
in considerable quantity from the fractions, b. p. 160—178° and 
188—210° respectively, by means of semicarbazide. 

The ketone was obtained in the pure state through its semi- 
carbazone, although this proved to be an extremely tedious operation, 

The semicarbazone is readily produced, and consists of a mixture 
oftwo forms. It is first purified by drying on porous plates and 
tubbing with light petroleum to remove oily impurities. Rubbing 
with ether, as recommended by Wallach for the separation of the 
two semicarbazones of cyclohexenylacetone (loc. cit.), is unsatis- 
factory, as both forms dissolve to some extent; repeated crystal- 
isation from methyl alcohol was found to be the best method. 
The less fusible form, when fairly pure, is but sparingly soluble in 
alcohol, although mixtures dissolve easily in a small quantity of 
the solvent; also, the less fusible form, which tends to separate 
irst, is present in small quantity, thus adding to the difficulty of 
purifying the compound. 

The less soluble form separates from methyl or ethyl alcohol in 
fu-shaped aggregates of needles melting and decomposing at 189° 
found: C=59°85; H=8-54; N=23'56. C,H,,ON, requires 
(=59°64; H=8-34; N=23-19 per cent.). 

The more soluble form separates from ethyl alcohol or benzene 
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in rosettes of small crystals melting at 138° (Found: N—23y 
per cent.). 

An experiment was made to ascertain whether the two semicar). 
azones were derived from the same ketone. It was found that 
the ketone obtained from the pure compound melting at 189° gtijj 
gave a mixture of the two forms on treatment with semicarbazide, 

The ketone can be easily regenerated by boiling the semicarbazone 
with aqueous oxalic acid and isolated by distillation in steam. 

It is a colourless liquid boiling at 181—184°/760 mm. The odow 
is strong and not very pleasant, somewhat resembling that of amy| 
acetate. The physical properties are: d?** 09294; d!®4 0-939. 
nj* 146500, nj)* 146728; whence [f,], 36°91. Calc. for C,H,,0) , 
36°61 * (Found: C=77:09; H=9°91. C,H,,O requires C=7737. 
H=9°85 per cent.). 

cycloPentenylacetone is fairly readily reduced to cyclopeniyl. 
acetone, C;H,-CH,*COMe. The ketone (10 grams) was mixed with 
5 c.c. of a 10 per cent. solution of palladium chloride, 5 c.c. of 10 per 
cent. gum arabic solution, 10 c.c. of water, and enough alcohol to 
give a clear solution. The mixture was shaken in an atmosphere 
of pure hydrogen maintained under a pressure of about 1800 mm, 
for six hours. 

At the end of that time no further absorption seemed to occur. 
The ketone was isolated and converted into the semicarbazone, 
which was purified by crystallisation from ethyl acetate, from which 
it separated in glistening plates melting at 171—171°5° after several 
crystallisations ; from methyl alcohol it separated in long, flattened 
needles (Found : N=23°06. C,H,,ON, requires N=22-93 per cent,), 
The ketone regenerated from this semicarbazone was a perfectly 
colourless liquid boiling at 179°/768 mm. and possessing an agree- 
able, intense odour resembling that of amyl acetate. Its physical 
properties were: d*°° 09022; nj}* 144452; whence [R,], 37'1. 
Cale. for CgH,,0, 37°01 (Found: C=75°92; H=11°33. C,H, 
requires C=76'13; H=11'18 per cent.). 

The reduced ketone is stable to permanganate in the cold. 

(5) The fraction of highest b. p. was usually obtained as a deep 
blue, oily liquid. Its colour disappeared on reduction with palladium 
and hydrogen, although the composition of the oil appeared 
to remain unchanged. On distillation under reduced pressure, it 
did not boil very constantly, the greater part passing over at about 
140—142°/1l mm. The composition of this fraction agrees with the 
formula C,,H,,0, so that it is probably derived from the condens 


* The molecular refractivity of this ketone is unaccountably high, althoug! 
scarcely as high as would be expected in the conjugated system >C:CH'CMed 
(compare footnote on p. 814). 
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tion of two molecules of cyclopentenylacetone with the elimination 
of a molecule of water (Found: C=82°98; H=9°65. C,H, 0 
requires C=83°40 ; H=9-64 per cent.). Up to the present a crystal- 
line compound with semicarbazide or hydroxylamine has not been 


obtained. 


cycloHexanediacetic Acid. 


The yield of distillate from this acid was usually about 96 grams. 
Result of fractionation : 


(1) below 100° (4) 180-—230° grams 
(2) 100—120° 56s, (5) 230—290° . 


(3) 120—180' wm « (6) 290—350° 


9? 


>] 
$°7 
7 


9? 


(1) On progressive fractionation, about 8 grams of a liquid, 


boiling below 60°, were obtained from the fraction of lowest b. p. 


The liquid possessed the characteristic properties of acetone; 
this was confirmed by the formation of the semicarbazone melting 
at 187° (Found : N=36°73. Calc., N=36°48 per cent.). The yield 
of acetone was usually 12—15 per cent. 

(2) The next definite fraction boiled between 100° and 110°, 
after repeated rectification at 105—106°, and was a colourless, oily 
liquid with a characteristic smell. It consisted of pure methylene- 
cyclohexane (VIII) (Found: C=87°45; H=12°41. Cale., C=87°50 
H=12°50 per cent.). 

Its physical properties were found to be as follows : d?°! 0°80596 ; 
ny’ 145153; whence [R,], 32°14 (cale., 31°81), in good agreement 
with the figure quoted by Wallach (Annalen, 1906, 347, 329). 

The identity of the substance was established by preparing the 
nitrosopiperidide by the method recommended by Favorsky and 
Borgmann (Ber., 1907, 40, 4867). This derivative was readily 
obtained, although in poor yield, and melted on crystallisation from 
50 per cent. alcohol at 126°5—127° (Found: N=13°33. Calc., 
N=13'33 per cent.). 

The hydrocarbon was oxidised by an ice-cold, alkaline, 1 per cent. 
solution of potassium permanganate (compare Wallach, loc. cit.). 
The glycol, C,H,,0,, obtained melted at 77°5° and crystallised very 
well from a mixture of ether and light petroleum in long, thin 
needles or from ether with a little methyl alcohol in large, trans- 
parent plates (Found: C=64:25; H=10°84. Cale., C=64°57; 
H=10°84 per cent.). 

The yield of hydrocarbon appears to vary according to the con- 
ditions of the experiment and increases at the expense of the ketonic 
fraction if the experiment is conducted without passing nitrogen 
through the apparatus; it is usually about 11 per cent. 
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(3) cycloHexenylacetone (II) formed the greater part of the 
distillate and was contained in the portion boiling between 19) 
and 230°. The amount of this fraction was 42 grams, repre. 
senting a yield of more than 30 per cent., but it did not boil very 
constantly, and the ketone could only be obtained from it by a 
tedious method of purification. Both the sodium hydrogen sulphite 
and the semicarbazide methods can be used, but the latter js 
preferable. 

The semicarbazone is readily obtained, but it is very caseous in 
nature and consists of two forms, as in the case of the lower homo. 
logue (see p. 823). The two forms can be separated by rubbing the 
mixture with ether in accordance with the observation of Wallach. 
The residue, on repeated crystallisation from methyl alcohol andj: 
finally from benzene, is obtained in long, flattened needles, which 
lose their silky lustre on exposure and melt at 145° (Found : N=21°58. 
Cale., N=21'53 per cent.). 

The compound also crystallises well from ethyl alcohol or ethy! 
acetate, but it is rather freely soluble in these solvents and especially 
so in chloroform. Dilute alcohol is not to be recommended, as the 
compound often separates from it in an amorphous form. 

The ether extract, obtained as above, contains the more fusible 
form, which can be isolated by removing the ether, rubbing the 
residue with light petroleum, and crystallising repeatedly first from 
methyl alcohol and finally from benzene. It is thus obtained in 
flattened needles melting at 136—137° and closely resembling the 
foregoing compound in appearance (Found: C=61'67; H=8'92; 
N=21°65. Calc., C=61°51; H=8°'77; N=21°53 per cent.). 

Both forms were directly compared and found to be identical 
with the corresponding compounds obtained by Wallach’s method. 

When regenerated from the semicarbazone by means of oxalic 
acid, the ketone is obtained as a perfectly colourless oil with a 
pleasant odour reminiscent of amyl acetate and acetoacetic estet. 
It boils at 202°/754 mm. (pure naphthalene boils at 215° under 
similar conditions) and has the following physical properties: 
d*41 0-9304; nj}! 146867; whence [2], 41°34, in good agree: 


ment with Wallach’s figure (41°32) (ound: C—78°04; H=102.9—8 


Cale., C=78°'20; H==10°21 per cent.). 

The oxime of cyclohexenylacetone is a liquid, as found by Wallach 
(Found: N=9°29. Cale., N=9°15 per cent.). 

(4) The fraction of highest b. p., of which about 15 grams wer 
obtained, was an amber-coloured oil with a faint smell. It boiled 
for the most part at about 175°/11 mm., but the analytical figure 
obtained (Found: C=82-48, 82°70; H=9-58, 9°63 per cent.) dij 
not lead to any definite formula and, as a solid derivative was no? 
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formed with semicarbazide, the investigation of the substance was 
not continued. 


cycloHeptanediacetic Acid. 


Only a quarter of a gram-molecule (55 grams) of this acid was 
available. The yield of distillate was 24 grams. 
Result of fractionation : 
(1) below 120° . (5) 240—300° 3*7 grams 
(2) 120—-150° .......... 2° (6) Residue distilled 
(3) 150—190° .......... 3° under reduced 
(4) 190-—240° 7, pressure 
(1) On redistillation, only a small amount was found to boil at 
about 60° and this fraction was identified as acetone by its semi- 
carbazone. 
(2) The second fraction increased to about 4 grams on progressive 
fractionation, the major part boiling at 135—140°. This consisted 
dfahydrocarbon, but was still impure (Found : C=86°18 ; H=11°63. 


ya sH,, requires C=87:20; H=12°80 per cent.). An attempt was 


therefore made to identify it by oxidation, but it was unfortunately 
lost owing to an accident. In smell and other properties the com- 
pound resembled methylenecyclohexane, and consisted, without 
doubt, of Wallach’s methylenecycloheptane (Annalen, 1900, 314, 
18; 1906, 345, 146). 

(3) Fractions (3), (4), and (5) were treated with an excess of semi- 
carbazide acetate in aqueous alcoholic solution. The semicarbazone 
was precipitated by adding water after four days and purified by 
drying on porous plates, grinding first with light petroleum, and 


val then with a mixture of light petroleum and ether. 
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The semicarbazone crystallises well from methy] alcohol in spherical 
clusters of needles, melting at 166°5—167° (Found: N=20°25. 
(HON, requires N=20-09 per cent.). 

The compound also occurs in a more fusible form, but the quantity 
of this appears to be small. It melts with sudden decomposition 
at 96°, 

The ketone, cycloheptenylacetone (IV), regenerated from the 
‘micarbazone in the usual way, was obtained as a colourless 
liquid closely resembling cyclohexenylacetone in its properties. It 
boiled at 223—225°/776 mm. (pure naphthalene boiled at 216°5° 
lider the same conditions) and had d?** 09396, n** 1:47917, 
Whence [R,], 45°92. Cale. for C,»H,,0|”, 45°82 (Found : C=78°50; 

Ci 9H,,0 requires C=78°90; H=10°58 per cent.). 

(4) The least volatile fraction was distilled under reduced pressure 
and a fraction boiling at 196—198°/11 mm. was collected. This 
‘peared to be entirely analogous to the least volatile fraction 
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obtained from cyclohexanediacetic acid, but so far its constitution ha; 
not been definitely settled (Found : C=82'83; H=10°32 per cent) 


2. Acids Havinga Free Hydrogen Atom attached 
to the 8-Carbon Atom. 


Glutaric Acid. 


The acid yielded under standard conditions 26 grams of distillate, 
This had a sweet, incense-like smell and gave on fractionation the 
following result : 

(1) below 80° 27 grams (5) 220—260° 

(2) 80—100° . 1: (6) 260—320° 

(3) 100—160° 6 pO eee 70 
(4) 160—220° “6 


On refractionating with a column the fractions (2) and (3) became 


still less, whereas a little more than 3 grams of a liquid boiling below 
60° was obtained. This was identified as acetone by its odow 
and by the formation of its semicarbazone melting at 187°. 

From the fraction (3), a very minute quantity of a semicarbazone 
was obtained on treating it with semicarbazide acetate and allowing 
to stand for three weeks. ‘The semicarbazone could not be definitely 
identified, but gave, on treatment with a mineral acid, the char 
acteristic odour of cyclohexanone. 

From the fractions (4) and (5) a small quantity of phenol was 
isolated on treatment with sodium hydroxide solution. The neutral 
oil which remained had no definite boiling point and did not react 


with semicarbazide and it appeared hopeless to attempt its identi 


fication. 
B-Methylglutaric Acid. 


The yield of distillate from a gram-molecule of this acid was about 
42 grams (wet). The liquid was very dark and the smell incens- 
like and slightly phenolic. 

Result of fractionation : 


(1) below 100° 86 grams (4) 200—250° ...... . 10°8 grams 
(2) 100—140° a (5) 250—300° 5:2 
(3) 140—200° 6 «a Residue ” 

(1) On refractionating with a column, acetone (8 grams) Wa 
obtained and identified by its semicarbazone. ‘This correspont! 
with a yield of 15 per cent. approximately. 

(2) The next definite fraction obtained boiled between 100° and 
130°, but amounted to not more than 2 grams. Repeated distill 
tion gave an oil with a sweet, camphoraceous odour, boiling mail} 
between 110° and 112°. 


obtaine 
pound | 


STABILITY OF SPIRO-COMPOUNDS. PART IV. 829 


@ The analysis of the oil did not lead to a definite formula (Found : 

(72°69, 73°36; H=11-11, 11°14 per cent.). When purified by 
" Bepeated distillation it combined with semicarbazide to give a very 
wluble compound, which on repeated crystallisation from light 
ytroleum (b. p. 60—70°) was obtained in iridescent plates melting 
it 105—106° (Found : N=29-01. Calc., N=29°35 per cent.). 

This was proved to be the semicarbazone of methyl propyl ketone, 
san admixture of this substance did not depress its melting point ; 
‘Byben mixed with the isopropyl compound, the melting point was 
iepressed nearly 20°. 

(3) The fraction (3) yielded a certain amount of a semicarbazone 
when treated with semicarbazide acetate. It was found, however, 
that this consisted of a very soluble mixture, which on recrystallising 
three times from methyl alcohol formed clusters of flattened needles 
and melted at 174°. The ketone was regenerated from this before 
it was discovered that the semicarbazone was still contaminated 
vith another compound. The ketone boiled somewhat indefinitely, 
the greater part at 170—-175°, and on analysis gave numbers agreeing 
vith the formula C,;H,,0 (Found: C=74°98, 75°24; H=10°75, 
091. Cale., C=74°94; H=10°80 per cent.). Its physical pro- 
perties approximated to those of inactive 3-methylcyclohexanone 
(80-9124; mj)* 144853; whence [R,], 32°92. Calc., 32°34). 

The ketone was therefore reconverted into the semicarbazone 
aid this subjected to careful crystallisation from dilute methyl 


“Bikohol. ‘The semicarbazone was finally obtained in glistening 


plates melting at 180—181°; it did not depress the melting point 
of the semicarbazone of 3-methylcyclohexanone, prepared from the 
synthetic ketone, which was also found to melt at-the same tem- 
perature (Found : N=24°91. Calc., N—24°83 per cent.). 

(4) Another semicarbazone was present in the mixture first 
obtained. It occurred in smaller quantity than the foregoing com- 
pound and accumulated in the mother liquors from the latter: it 
could only be separated with great difficulty. It melted at 156— 
18° after repeated crystallisation from dilute alcohol, but its 
crystalline form was somewhat indefinite (Found: N=23°44. 
(,H,;ON, requires N=-23°19 per cent.). 

The corresponding ketone would therefore have the formula 
<9 's4,0, but it has not yet been obtained in sufficient quantity for 
Blentification. 

(5) The fractions (4) and (5) were shaken with a 10 per cent. 
‘olution of sodium hydroxide, the aqueous extract separated from 


+i MU oll, traces of oil removed by means of ether, and the liquid 


acidified. A copious precipitation of a phenolic substance occurred ; 
this was taken up in ether and isolated in the usual manner. It 
GG2 
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boiled between 200° and 210°, and gave on analysis figures in fair 
agreement with the formula C,H,O. Ferric chloride gave a violet 
colour with a solution of the substance, and it was identified as 
m-cresol by the formation of the tribromo-compound melting at 
80—82° (Found: Br=69°88. Calc., Br=69°55 per cent.) and the 
trinitro-compound melting at 105—106°. 

(6) The neutral oil which remained after the m-cresol had been 
dissolved was subjected to distillation; it boiled between 200° and 
230° without giving any very definite fractions. It reacted very 
sluggishly and imperfectly with semicarbazide acetate; the seni- 
carbazone melting at 156—158° was isolated in small quantity from 
the product. The investigation of this oil has been temporarily 
abandoned. 


In conclusion, the author’s best thanks are due to Prof. J. F. 
Thorpe, F.R.S., for his kind interest and advice during the progress 
of the investigation, and to Mr. J. N. E. Day and Mr. A. Stevenson 
for their help in the preparation of cycloheptanediacetic acid. 
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XCIII.—Organic Derivatives of Silicon. Pari XXV. 
Saturated and Unsaturated Silicohydrocarbons, 
Si,Phg. 


By Freperic Stanvtey Kippinc and JAMES Epwin SAnps. 


THE reactions which take place when diphenylsilicon dichloride sj 
heated with sodium seem to be very numerous and are altogether 
unexpected. The halogen-free product is a complex mixture, from 
which, so far, three well-defined crystalline compounds have bee 
isolated. The combined weights of these form less than 50 pe 
cent. of the whole product and hitherto only two of them have 
been examined, except very superficially. 

These two products are of particular interest because they seel! 
to be isomeric and up to the present no satisfactory explanation 
of their relationship has suggested itself; even those constitutional 
formule which have been assigned to some of their derivative 
must be taken as provisional. 

The first product which will be considered is very sparingly 
soluble in cold benzene and in all the ordinary solvents and doe 
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not melt at 300°; it is a silicohydrocarbon, Si,Ph,,, and when 
frst investigated it was believed to be a tetraphenylsilicoethylene, 
§Ph,SiPh,, as it combined directly with iodine at the ordinary 
temperature. * 

Quantitative experiments showed, however, that one molecule of 
the supposed tetraphenylsilicoethylene united with only one atom 
fiodine. The main, if not the only, product of the reaction was 
s crystalline iodide of the molecular formula Si,PhgI,. The most 
|i probable explanation of the facts now seemed to be that the sup- 
posed tetraphenylsilicoethylene was in reality a closed chain com- 
pound, SiPhy<Sipp.?>SiPhy The fission of such a closed chain 
by the action of iodine at the ordinary temperature could not be 
dismissed as unlikely, because, since this would be the first known 
example of a molecule containing a closed chain of silicon atoms, 
there was no precedent which could act as a guide in the matter. 

The hydrolysis of the crude iodide gave a mixture of at least 
four compounds; the principal product was a crystalline substance 
which, after a very long and careful examination, was thought to 

: SiPh,*SiPh, ' 
be a definite compound of the formula i iPh,- SiPh,”°” The pro 
duction of such an oxide from the di-iodide would obviously involve 
oly normal reactions, since it is now known that even silicols of 
the type SiR,*OH readily give the oxides SiR,°O-SiR,. It was not 
esy to decide from the results of analysis between the formule 
Si,Ph,O and Si,Ph,(OH),, but it seemed certain from a determination 
of its hydrogen value (p. 849) that the compound contained only 
me atom of oxygen (or two hydroxyl groups) combined with a 
chain of four directly linked silicon atoms. The fact that the 
compound decomposed slowly when it was heated at about 230° 
smeemed to be incompatible with the formula Si,Ph,O, but otherwise 
the constitutions of the silicohydrocarbon, the di-iodide, and the 
wxide seemed to be fairly well established and represented respec- 
tively by the formule given above. 

In the meantime, the examination of another of the crystalline 
oducts of the interaction of sodium and diphenylsilicon dichloride 
had made some progress. This substance differed from the “ un- 
saturated * compound described above in very noteworthy respects. 
It was very readily soluble in cold benzene, and in various other 


* Schlenk and Renning have described a substance which they represent 


ives *y the formula SiPh,:CH, (Annalen, 1912, 891, 221) and which does not 


react with bromine (or with potassium permanganate in aqueous solution). 
Their elliptical method of preparation, however, does not inspire confidence, 
. the nature of their supposed unsaturated compound seems to be very 
oubtful. 
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solvents it dissolved freely; it was not acted on by iodine at the 
ordinary temperature, although it was attacked slowly by bromine, 
giving apparently a mixture of products. It formed well-define 
crystals, and although it did not melt at 360°, its purity seemed to 
be fully established by microscopic examination. It will be referred 
to as the saturated silicohydrocarbon. 

The results of analyses and cryoscopic experiments in benzene 
solution agreed with those required for the formula Si,Ph,; in 
other words, the two silicohydrocarbons, which differed so widely 
in their solubilities and in their chemical properties, appeared to be 
isomeric. 

The existence of isomeric compounds, Si,Ph,, could not of course 
be accepted without further evidence; conceivable alternatives 
were considered, but all were contrary to the facts. The results 
of the silicon determinations alone seemed to offer sufficient proof 
that the two compounds were both silicohydrocarbons, since if 
either contained only one atom of oxygen to four >SiPh, groups 
the percentage of silicon would be 15-2 instead of 15-6. Eva 
more conclusive evidence was afforded by determinations of their 
hydrogen values, which showed that the molecules of both the 
compounds contained no oxygen combined with the silicon atoms 
(compare this vol., p. 849). 

If it be granted that the two substances are silicohydrocarbons, 
Si,Ph,,, and there appears to be no alternative, the next question 
which arises is what are their molecular formule? The cryoscopic 
results obtained with the readily soluble saturated compound were 
very concordant and probably trustworthy ; moreover, experiments 
made recently with the fairly complex silicohydrocarbons, dipheny- 
diethyldipropylsilicoethane, and dibenzyldiethyldipropylsilicoethane 
(this vol., p. 647) gave values which agreed closely with the calev- 
lated molecular weights; apparently therefore the saturated 
compound is undoubtedly Si,Phg. 

The molecular formula of the ‘“‘ unsaturated ”’ silicohydrocarbo 
seemed to have been fully established by the conversion of this 
compound into the iodide, Si,Ph,I,; but in view of the existence 
of the supposed isomeride, it was necessary to reconsider thi 
conclusion. 

The action of iodine might perhaps be compared with a pinacon 
condensation or with the change which occurs in the addition af 
halogen to a conjugated system, 


SiPh,:SiPh,,SiPh,:SiPh, + T, —> SiPh,I-SiPh,-SiPh,'SiPh,l; 


further observations seemed to show, however, that such a vieW 
could not be maintained. The “ unsaturated ” silicohydrocarbon 
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is very rapidly attacked by boiling tetrachloroethane,* giving 
apparently a dichloride, Si,Ph,Cl,, corresponding to the di-iodide 
described above; at any rate, the product of the reaction is hydro- 
lysed by water, giving the same compound as that obtained by the 
hydrolysis of the di-iodide, namely, the oxide, Si,Ph,O. 

The final formation of this oxide seems to dispose of the possi- 
bility that the “unsaturated” compound might be after all a 
tetraphenylsilicoethylene. 

At this stage determinations of the molecular weight of the 
“unsaturated ’’ compound by the ebullioscopic method were made. 
The values obtained in benzene solution were about 700, which 
agreed well with the formula Si,Ph,, and were practically identical 
with those obtained by the cryoscopic method in the case of the 
supposed isomeric saturated compound. 

Even if these results are discarded altogether as untrustworthy, 
it does not seem reasonable to regard the “‘ unsaturated ”’ com- 


pound as 


SiPh, SiPh,-SiPh, 


SiPhy<gipps> oF SiPhy<gipn-siPhe 


if the saturated compound is an octaphenylcyclosilicotetrane, owing 
to the manifold differences between the two compounds. 

A final and apparently an uncontrovertible piece of evidence 
that the “unsaturated” compound is Si,Ph, is afforded by the 
fact that when the di-iodide, Si,Ph,I,, is treated in boiling xylene 
solution with excess of sodium it is converted, although not quanti- 
tatively, into the original “‘ unsaturated” silicohydrocarbon; the 
formula SiPh,:SiPh,, therefore, is definitely disposed of. 

In addition to the important differences between the two silico- 
hydrocarbons which have been already mentioned, there are many 
others; thus the “‘ unsaturated” compound is very readily acted 
om by boiling nitrobenzene, whereas the saturated compound 
arystallises from this solvent almost if not entirely unchanged. 
One of the products of the action of nitrobenzene on the unsaturated 
silicohydrocarbon is a crystalline compound of the formula Si,Ph,0,. 
This compound is also present in very small proportions in the 
crude oxide, Si,Ph,O, obtained with the aid of tetrachloroethane 
and also in the crude product of hydrolysis of the di-iodide. Possibly 


* The surprising readiness with which the silicohydrocarbon is attacked 
by tetrachloroethane recalls the behaviour of certain hydrides of silicon 
which are acted on violently by chloroform and by carbon tetrachloride : 
but it does not seem to be possible that the “‘ unsaturated ’’ compound contains 
the group ‘SiPh,H for many reasons, as, for example, the non-formation of 
hydrogen iodide during the preparation of the di-iodide and the observed 
hydrogen value of the silicohydrocarbon. 
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° Si . i . ‘ 
it is a kind of peroxide, piPhySiPhs? | but so far as it has been 


SiPh,*SiPh,°O’ 
examined its behaviour does not support this view, and it seems 
more probable that its constitution is represented by the formula 


SiPh,-O-SiPh, ph <SiPhs'Os¢: pp 
iPh-O-SiPh, SiPhs<giph,-07 See he. 


Its hydrogen value shows that the molecule contains 1 atom of 
oxygen to every two ‘SiPh, groups. 

One of these formule, however, is wanted for another compound 
which has been obtained in small quantities in a great many different 
ways and which forms well-defined, characteristic, rhomboidal 
prisms. This substance is produced when the saturated silico. 
hydrocarbon is oxidised with nitric acid, or treated with bromine 
and the product submitted to hydrolysis; it is also produced when 
the oxide, Si,Ph,O, is oxidised with nitric acid or treated with 
iodine in presence of moisture. The hydrogen value of this sub. 
stance seems to prove that the molecule contains one atom of oxygen 
to every two ‘SiPh, groups, and its constitution is therefore probably 
represented by one of the oxide formule just given. The principal 
interest which is attached to this compound at the present time is 
that it is a decomposition product of both the silicohydrocarbons, 
and its formation is therefore some indication that these two 
compounds are related to one another. 

To the question, What is this relationship? the experimental 
data provide no satisfactory answer. 

One of the compounds, of course, may be regarded as an octa- 
phenyleyclosilicotetrane, but which? To represent the one as a 
closed-chain compound containing in its molecule two tervalent 
silicon atoms, or two quadrivalent silicon atoms with a free bond 
each, —SiPh,*SiPh,°SiPh,’SiPh,—, would be one way out of the 
difficulty, but such a suggestion does not commend itself in view 
of all the facts, and indeed, seems to have little meaning. 

The unsaturated compound might conceivably have the constitution 
SiPh,-SiPh‘SiPh-SiPhs, SiPh,-SiPh,-SiPh‘SiPh,, or SPR SiSiPh, 
but the formation of any one of these compounds from SiPh,(l, 
would seem to be highly improbable, even assuming the presence 
in the latter of SiPh,Cl and SiPhCl,; further, if the ‘‘ unsaturated” 
compound had one of these constitutions and the saturated con- 
pound was an octaphenylcyclosilicotetrane, the formation of the 
rhomboidal oxide, Si,Ph,O,, from both substances could not be 
accounted for. Direct experimental evidence against the first two 
of the three formulz just given seems to be afforded by the hydrogen 
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values of the two silicohydrocarbons (compare p. 849); even more 
important is the fact that, so far as can be ascertained, both com- 
pounds give on hydrolysis with wet piperidine only diphenylsilicol 
and its condensation products. 

Owing to the readiness with which diphenylsilicol is converted 
by bases into a mixture of four or more condensation products 
Kipping, T., 1912, 101, 2125) and the difficulty of isolating some of 
these compounds, it is not possible to affirm that these are the 
oly products of the hydrolysis of the two silicohydrocarbons. It 
can be stated, however, that the piperidine solutions obtained by 
decomposing both silicohydrocarbons have been carefully examined 
for triphenylsilicol, and not a trace of this compound could be 
found; if it had been present in any appreciable quantity it could 
scarcely have escaped detection. It seems therefore that all the 
three formule given above must be excluded. 

The behaviour towards iodine, the observed hydrogen value, 
the nature of the products of hydrolysis, and other evidence also 
exclude from consideration any formula such as 
(,H,-SiPh-SiPh,-SiPh,-SiPh:C,H, or 

si §i-SiPh,SiPh,-Si< Tou 

oH, . ' CH 
for either of the silicohydrocarbons, or, in fact, any formula other 
than Si,Ph,. It may be, therefore, that both compounds are 
octaphenyleyclosilicotetranes, but that in the one the four silicon 
atoms are all in one plane, whilst in the other they form a tetra- 
hedral configuration. 


The further investigation of these compounds is in progress and 
the action of sodium on other silicon dichlorides is also being studied ; 
it is hoped that the results will lead to definite conclusions as to 
the nature of the two silicohydrocarbons. 


ExPERIMENTAL. 


Action of Sodium on Diphenylsilicon Dichloride. 


A great many experiments have been made on the interaction 
of these two substances under different conditions, using rather 
more than the quantity of sodium calculated for the proportion 
2Na : SiPh,Cl,. 

When the two substances are heated together in the absence of 
any diluent, a reaction sets in as soon as the sodium begins to melt, 
and the metallic globules are rapidly coated with a blue crust; 
if the containing vessel (provided with an air condenser) is then 
"gorously shaken, a very considerable development of heat takes 

G G* 
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place, and the interaction seems to be completed almost immediately, 
with the formation of a brown, granular mass, containing bright 
globules of the excess of metal. 

In order to prevent the sudden rise of temperature which may 
occur under these conditions, the dichloride was diluted with 
3—10 volumes of toluene or xylene. In some experiments small 
portions of the metal were added to the diluted dichloride a 
intervals, but as a rule the whole of the sodium was covered with 
toluene and the diluted dichloride was added to it in small quantities 
at atime. In either case, the reaction started as soon as the ten. 
perature had risen to the melting point of sodium and the globule 
of metal were gradually transformed into a deep blue powder; 
the heat generated by the interaction, after each addition of di 
chloride, was usually sufficient to keep the liquid at its boiling point 
during some minutes. 

Soon after the reaction has commenced, colourless six-sided 
crystals (substance A) begin to separate and gradually increase in 
quantity, but when the liquid has been boiled during about fifteen 
minutes (after all the dichloride or sodium has been added) nm 
further change is observed. 

The halogen-free, toluene or xylene solution is finally cooled and 
filtered and the dark blue residue of sodium chloride and unchanged 
metal is extracted thoroughly with boiling toluene. The extract 
deposits crystals of the product (A) and from the mother-liquorn 
small quantities of another crystalline product (C) and a glue-like 
substance are also obtained. The dark blue powder, treated with 
a mixture of alcohol and acetic acid, in order to remove the sodium, 
changes to a pale blue solid, which, on the addition of water, gives 
a colourless solution; suspended in the latter is a very small pro- 
portion of a colourless, flocculent substance (J). 

The residue which is obtained when the original toluene or xylene 
filtrate is evaporated is a yellow, glue-like or resinous mass; whet 
treated with cold acetone, most of it (#) dissolves very readily, 
leaving a colourless powder, from which three crystalline compounds 
have been isolated, namely, the product (A), which is only very 
sparingly soluble in boiling toluene, a compound (B) which dis 
solves very freely in cold toluene, and traces of a substance (() 
which is even more sparingly soluble than (A). 

The product (A) is referred to as the “ unsaturated ” silicohydre- 
carbon; the yield is usually about 1—2 grams from 20 of the di 
chloride. The product (B) is called the saturated silicohydrocarbon; 
the yield is about the same as that of (A). The product (C) (yield 
about 0-1 gram) and the product (J) (yield about 0-5 gram) have 
only been very superficially examined. 
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The main product of the reaction, namely, the resinous portion (/) 
which is readily soluble in cold acetone, accounts for the remainder 
of the material. So far the evidence points to the conclusion that 
this resin is a mixture of saturated complex silicohydrocarbons. 

Although the experimental conditions have been varied consider- 
ably as indicated above, no definite statement can yet be made 
as to whether such variations have any influence on the course 
of the reactions which occur between the metal and the dichloride. 


“ Unsaturated” Silicohydrocarbon, Si,Phg. 


The crystalline deposit (4) mentioned above usually consists for 
the most part of the “unsaturated.” silicohydrocarbon, and it is 
principally this substance which separates from the boiling toluene 
solution during the treatment of the dichloride with sodium. The 
crude preparations invariably contain a small proportion of the 
much more sparingly soluble compound (C), which is removed only 
with considerable difficulty by fractional crystallisation from toluene 
or benzene. Since the compound (A) does not melt at 300°, con- 
clusions as to its purity had to be based on the results of microscopic 
examination and on its behaviour towards solvents; there is little 
doubt, however, that preparations which were regarded as pure 
did in fact consist of one substance only. Silicon determinations 
and combustions were made with various samples (Found : Si=15:3, 
156; C=79-0, 80-0; H=6-0, 5-7. SiPh, requires Si=15-6 ; C=79-0 
H=5:5 per cent.). The hydrogen value (compare p. 849) agreed 
very wel! with this formula. 

Cryoscopic determinations were out of the question, owing to 
the sparing solubility of the compound, but by the ebullioscopic 
method in benzene solution the values obtained were M637, 699 
(cale. for Si,Ph,, M=729-6). These results must only be taken as 
tough approximations. 

The “ unsaturated” silicohydrocarbon crystallises from boiling 
benzene in short, flat, well-defined prisms; when the crystals which 
have separated from a cold benzene solution are heated in a Bunsen 
lame on a knife blade, they burn with a series of bright flashes, 
and when heated on a watch glass over a small flame, they decrepi- 
tate so violently that they are scattered all over the glass. 

Rough determinations gave about 335° as the melting point of the 
usaturated ” silicohydrocarbon, so that it has a lower melting 
pont than hexaphenylsilicoethane, and also than the saturated 
ilicohydrocarbon. The fused substance crystallises when it is 
‘ooled, but if it is kept melted for a short time it solidifies to a 
transparent glue which is readily soluble in cold acetone and benzene. 

G a* 2 
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The “ unsaturated ” silicohydrocarbon is almost insoluble in most 
of the common organic solvents‘at the ordinary temperature, but 
it is appreciably soluble in benzene and toluene; rough determina. 
tions showed that at 15-5°, 100 grams of benzene dissolved 0-2]— 
0-22 gram of the substance and at about 80°, 1-72 grams. It is 
less readily soluble in benzene. than hexaphenylsilicoethane, and 
the great differences in solubility between this “ unsaturated ” and 
the saturated silicohydrocarbon described later (p. 846) are difficult 
to understand in view of the supposed isomerism of the two 
compounds. 

The “unsaturated” silicohydrocarbon dissolves comparatively 
easily in boiling aniline, benzyl alcohol, and phenol, but it seems 
to undergo some decomposition when the solutions are boiled during 
some time; its behaviour towards boiling tetrachloroethane and 
nitrobenzene is described later. It is not attacked appreciably by 
boiling aqueous alkalis, and only slowly by alcoholic solutions of 
sodium methoxide; on the other hand, it is decomposed by boiling 
wet piperidine with great rapidity. Aqueous oxidising agents do 
not seem to act on it except very slowly, doubtless owing entirely 
to its insolubility. 


Action of Iodine on the ‘‘ Unsaturated” Silicohydrocarbon. 


The “ unsaturated ” silicohydrocarbon dissolved in benzene com- 
bines directly with iodine, and even at the ordinary temperature 
the reaction takes place very rapidly; hydrogen iodide is not 
evolved in absence of moisture. Owing to the slight solubility of 
the silicohydrocarbon only enough benzene was used to dissolve a 
small fraction of the compound, and the iodine was added in small 
quantities at a time until a permanent coloration was produced. 
In some of the experiments the solution was warmed at about 6V’, 
merely to hasten the solution of the silicon compound; in other 
it was warmed only after the colour of the last portion of iodine 
had disappeared, and cooled again before the addition of mor 
halogen. All the materials were dried and atmospheric moisture 
was excluded. At first weighed quantities of the two substances 
in the proportion I,:Si,Ph, were employed, but it was at onc 
obvious that the iodine was in large excess; when the iodine was 
added much more cautiously, only about one-half of the above 
proportion of halogen was required to give a permanent coloration 
to the solution. 

As examples of the accuracy with which such titrations can be 
carried out, the following data may be given : 1-1 grams of substance 
required 0-36 gram of iodine; 0-38 gram is the theoretical quantity 
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for the equation 2Si,Ph,+-I,—Si,Ph,I,. 1-17 Grams of silicohydro- 
carbon required 0-397 gram of iodine, the quantity calculated on 
the same basis being 0-41 gram. The silicohydrocarbon passes 
into solution in the form of its iodide and the complete disappear- 
ance of the sparingly soluble substance should coincide with the 
production of a permanent coloration. If the silicohydrocarbon 
has been incompletely purified and contains even a very small 
proportion of the product (C) referred to above, the latter remains 
undissolved, as it is not acted on by iodine and is almost insoluble 
in cold benzene. 


Octaphenyldi-iodosilicotetrane, Si,Ph,I,. 


The benzene solution of the preceding iodide, evaporated to dry- 
ness under reduced pressure, gave a colourless or pale yellow, 
aystalline residue, which dissolved freely in warm chloroform ; 
from this solution the iodide was precipitated on the addition of 
dry ether in colourless crystals, which were rapidly washed well 
with ether on a filter and then heated for a few minutes at 100° in 
adry atmosphere. For analysis, a weighed quantity of the sub- 
stance was hydrolysed with aqueous acetone containing a small 
quantity of ammonium hydroxide solution, and the iodide in the 
aqueous solution was estimated; a silicon estimation was also 
made with a sample of the pure iodide (Found: I[=25-2, 25-7; 
Si=11-5. Si,PhgIl, requires [=25-8; Si=11-5 per cent.). A 
molecular weight determination in benzene solution by the cryo- 
sopic method gave M about 900, the calculated value being 983. 

Octaphenyldi-iodosilicotetrane turns pink and then yellowish-brown 
on exposure to light and moist air. It crystallises well from a 
mixture of ether and benzene in highiy lustrous, very acute 
thomboidal plates, which do not melt or undergo any visible change 
even at 250°. It is only very sparingly soluble in cold ether, but 
dissolves rather freely in cold benzene. When a sufficiently small 
proportion of benzene is used in preparing the di-iodide, massive 
crystals of the latter are deposited. Although relatively stable in 
the solid state, its solutions in benzene and ether soon turn brown 
on exposure to air and light, and when dissolved in acetone it gives 
a yellowish-brown solution immediately; even crystals left in the 
dark in a saturated solution in benzene undergo gradual decom- 
position. 

Products of Hydrolysis of the Di-iodide. 


For the study of its products of hydrolysis, the crude iodide 
was treated with an ammoniacal solution of acetone. No particular 
attention was paid at the time to the duration of this treatment, 
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or to the concentration of the ammonium hydroxide; these factor, 
however, possibly had an important influence on the nature of the 
results. 

The solid, halogen-free, colourless material thus obtained wa 
usually somewhat pasty at first, but it soon became hard and 
friable; when roughly dried and extracted with cold acetone, about 
10—15 per cent. of some very soluble glue-like matter dissolved, 
The rest of the material—a crystalline powder, only very sparingly 
soluble in cold acetone—was submitted to fractional crystallisation 
from nearly all the common solvents, including mixtures of them 
in various proportions. The first definite result of such operations 
was the isolation of a relatively very small quantity of a compound 
which crystallised in well-defined, rhomboidal prisms, melting 
sharply at 221—222° (p. 844), and later on a second well-defined 
by-product was identified in the final mother-liquors (p. 844). 

The main product of hydrolysis which then remained crystallised 
from nearly all solvents in microscopic needles; to the unaided 
eye, the preparations had that white, opaque appearance which is 
common to mixtures, but under the microscope they looked quite 
homogeneous. The melting points of such preparations were most 
indefinite and irregular; some samples sintered at 205—210° and 
melted completely at about 220°; others did not sinter until about 
220° and melted gradually up to about 245° or occasionally as high 
as 250—260°. Further, the melted material was rather a jelly than 
a liquid, and stuck to the sides of the tube; when cooled it did not 
solidify readily, but slowly gave a white solid which melted ata 
much lower temperature than the original substance, in some cases 
below 190°, but not sharply. 

The ill-defined melting point of any given sample varied with 
the rate of heating and with the coarseness of the crystals; a sample, 
for example, which did not melt at 225° would do so as the tem- 
perature slowly fell to 210°, and one and the same sample would 
melt at 210—220° or at 230—245°, according to the rate at which 
it was heated. It seemed possible from these observations that the 
material was a mixture of the oxide and the dihydroxide, or even 
of these two substances and open-chain condensation products of 
the latter. Whether it was or was not a pure substance, it was 
very difficult to say, but the results of analysis seemed to show that 
it was an octaphenylsilicanetetrane oxide of the constitution 
ph SiPhO (Found: Si=15-5. Cale., Si=15-2 per cent). 
Combustions of the substance were not attempted, as it was 80 
difficult to burn it, even over the blowpipe flame. Cryoscopit 
determinations in benzene solution gave M 692, 817, and 706 
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cale., M=744). Of more importance than these results were those 
obtained for the hydrogen value of the compound, which seemed 
to prove conclusively that the molecule contains four SiPh, groups 
to one atom of oxygen, or to two hydroxyl groups. The formula 
§i,Ph,(OH),, which requires Si=14-9 per cent. and a hydrogen 
value of 88-2 (p. 849), seems to be excluded, because the substance 
aystallises unchanged from boiling acetic anhydride and does not 
jose water when it is heated at 220° during ten minutes or so. The 
readiness with which the di-iodide undergoes hydrolysis seems to 
show definitely that the two iodine atoms, and therefore the two 
hydroxyl groups in the primary product of hydrolysis, are directly 
wited to silicon; the constitution of the substance in question 
gems therefore to be fairly well settled. 

Octaphenylsilicotetrane oxide is very sparingly soluble in cold 
alcohol, acetone, glacial acetic acid, ether, and light petroleum, but 
it dissolves freely in cold benzene and chloroform. It may be 
enveniently recrystallised from mixtures of chloroform or benzene 
and acetone, from which it separates in microscopic needles. 

From hot ethyl acetoacetate, nitrobenzene, or aniline, the com- 
pound erystallises in a much more satisfactory manner, in long, 
transparent prisms, which seem to be hexagonal in section and are 
diten aggregated together, forming beautiful, lustrous rosettes. 
These crystals become opaque when they are warmed with acetone. 

The oxide is slowly acted on by an acetone solution of sodium 
hydroxide with evolution of hydrogen. It is oxidised by nitric 
aid in glacial acetic acid solution, giving the rhomboidal oxide 
described later, and it is attacked by hydrogen bromide in acetic 
aid solution, giving this same compound. It is not acted on 
appreciably by boiling nitrobenzene or by tetrachloroethane, in 
which respects it differs markedly from the parent hydrocarbon. 

The glue-like substance which is extracted from the products of 
hydrolysis of the iodide (see above), and which is readily soluble 
in cold acetone, can be obtained as a colourless powder which does 
not melt at 250°; it has not been further examined. 


Hydrolysis of the Di-iodide with Aniline and Water. 


The complex character of the material obtained by hydrolysing 
the iodide with aqueous ammoniacal acetone was probably due 
either to the use of excess of iodine in the preparation of the iodide 
or to some action of ammonia on the original product of hydrolysis. 

A much less impure product was obtained by warming the pure 
iodide with an aqueous alcoholic solution of aniline, or by leaving 
it in contact with acetone during some hours and then adding a 
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slight excess of sulphurous acid. These preparations, when fre. 
tionally crystallised from various solvents, gave deposits which, 
excluding the most soluble fraction (compare p. 844), seemed ty 
be homogeneous, although they showed the same irregular behaviow 
as the oxide described above, with which they seemed to be identical; 
it may therefore be concluded that the normal product of hydrolysis 
of the di-iodide is that compound of indefinite melting point having 
the composition Si,Ph,0. 


Action of Tetrachloroethane on the “‘ Unsaturated ”’ Silicohydrocarbon, 


The “unsaturated” silicohydrocarbon dissolves freely in hot 
tetrachloroethane, and when a sufficiently concentrated solution 
immediately cooled again the silicon compound is deposited in ill. 
defined, microscopic prisms; when, however, such a solution is 
heated at its boiling point for a minute or two, there is no separation 
of crystals when the solution is afterwards cooled. Solutions which 
have boiled during about three to five minutes give, when evaporated 
under reduced pressure, a colourless residue which is soluble in 
dry ether; the ethereal solution slowly deposits a small proportion 
of a crystalline product which melts at about 180° and is probably 
the dichloride, Si,Ph,Cl,. The addition of a little water to the 
ethereal solution causes the gradual deposition of a colourless 
product of hydrolysis, and aqueous washings of the solution give 
an immediate and heavy precipitate on the addition of a solution 
of silver nitrate. When the product is fractionally crystallised, it 
gives fractions which, except the most soluble one, seem to be all 
the same, and identical with the product of hydrolysis of the di- 
iodide. It has the same highly indefinite melting point as the 
latter, and the evidence of the identity of the two preparations is 
that derived from a direct comparison of their crystals as deposited 
from various solvents; also from observations of the melting points 
of mixtures heated simultaneously with the separate substances. 


Action of Boiling Nitrobenzene on the ‘‘ Unsaturated ’’ Silicohydro- 
carbon. 


Apparently the relative stability of the ‘ unsaturated ”’ silico- 
hydrocarbon towards aqueous oxidising agents is due entirely to 
its insolubility, as it is readily attacked by boiling nitrobenzene. 
When a small quantity of the compound is dissolved in about five 
times its weight of hot nitrobenzene and the solution is immediately 
cooled, microscopic prisms, apparently those of the original sub- 
stance, are deposited ; but if the solution is boiled during a minute 
or so, crystals do not separate from the cooled solution. The reaction 
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curs with a considerable development of heat, and even when 
oly about 0°5 gram of the substance is used the solution will 
wntinue to boil for a few moments without the further external 
pplication of heat; the liquid turns dark brown and a faint odour 
of carbylamine is noticeable. 

The addition of 6—8 volumes of alcohol to the cold solution 
auses the slow deposition of lustrous crystals, but precipitation 
is very incomplete. The solution is therefore submitted to steam 
istillation; the distillate has a marked green colour, possibly due 
to the presence of nitrosobenzene. When all the nitrobenzene has 
passed over, the water is decanted and the viscous, brown residue 
is dissolved in boiling acetone; this solution gives first a crystalline 
deposit and then a brown resin which is freely soluble in cold 
aetone. The crude crystalline substance is very easily purified. 
The yield is only poor and barely amounts to 50 per cent. of the 
material taken; as the product seems to be unchanged by boiling 
titrobenzene, it seems likely that the poor yield is due, not to the 
result of heating the solutions during too long a period (two to 
ten minutes), but to the simultaneous occurrence of two or more 
ractions. The by-products have not yet been examined, but 
judging from their solubility in cold acetone, it seems probable 
that they consist mainly of condensation products of diphenyl- 
silicanediol. 

Analyses of the crystalline substance gave Si=14°7 and 14°8 per 
eent., and cryoscopic determinations in benzene solution gave 
M=720. These results agree with those required for a compound 
Si,Ph,0, (Si=14-9; M=761) or Si,Ph,(OH), (Si=14‘9; M=763), 
but they are not very different from those required for a compound 
of the composition Si,Ph,O (Si=15:2 per cent.). 

A distinction between the formule Si,Ph,O, and Si,Ph,O is, 
however, easily arrived at from measurements of the hydrogen 
value of the compound (p. 849), which show that if the molecule 
contains four ‘SiPh, groups, as indicated by the cryoscopic deter- 
ninations, it also contains two atoms of oxygen directly linked to 
silicon; as there is no evidence that the molecule contains hydroxyl 
groups, its constitution may be represented by one of the formule 
ilready given (p. 833), but it is not easy to decide which. 

The compound crystallises from cold acetone containing a little 
nitrobenzene in massive lustrous forms, which appear to be almost 
cubes to the unaided eye; from the same mixture it is also deposited 
in small pyramidal crystals which have a six-sided base, usually 
somewhat rounded at the opposite obtuse angles; under the micro- 
scope, some of these crystals look exactly like a longitudinal section 
through a thick-walled barrel. Long, highly lustrous prisms, 
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hexagonal in section, are also formed, and from warm acetone th: 
compound separates in slender needles. The crystals become opaque 
when cold acetone is poured on to them or when they are warmej 
gently with their mother-liquor; this appears to be due to the very 
unequal corrosion of the crystal faces. The compound is readily 
soluble in cold benzene and chloroform, less so in ethyl acetate, 
rather sparingly in cold acetone and very sparingly in alcohol. 

When heated rather quickly, the compound generally melted at 
about 245—246° fairly sharply, but the temperature depended o 
the rate of heating, and if the sample were first kept at about 22 
during some minutes it then melted at about 235°; the liquefied 
substance crystallised very readily when it was cooled and the 
melted at about 190°, but not completely; this second melting 
point seems to be a constant and fairly definite one, which can k 
observed over and over again with one and the same sample 
These observations indicate dimorphism; further, samples crystal. 
lised from a cold mixture of benzene and acetone, if plunged into 
a bath heated at 220°, immediately melted, then generally solidified 
again at once and melted for a second time at about 242—245' 
and for a third time at about 190°, as stated above. This oxide, 
Si,Ph,O,, is present in small proportions in the final, most soluble 
fractions of the oxide, Si,Ph,O, whether the latter has been produced 
by the hydrolysis of the iodide in various ways (p. 842) or by the 
action of tetrachloroethane, followed by that of water, on the 
“ unsaturated ”’ silicohydrocarbon. It differs from octaphenyl. 
silicotetrane oxide in one noteworthy respect; although it i 
oxidised by nitric acid in acetic acid solution, it does not seem to 
give the rhomboidal oxide described later. It does not behave 
like a peroxide and does not liberate halogen from a solution of 
hydrogen iodide in acetic acid. 


The Rhomboidal Oxide, SisPh,O,. 


This substance was first observed during the examination of the 
earlier preparations of the oxide, Si,Ph,O (p. 840). It is easily 
recognised by its appearance under the microscope and it is readily 
separated from the oxide Si,Ph,O, because it is so much less soluble 
than the latter in chloroform, benzene, and other solvents. 

The compound usually separates from ethyl acetate, chloroform, 
and benzene in rhomboidal crystals, but from these and othet 
solvents it is also deposited in fern-like masses or in well-defined 
pyramidal crystals, having a rhomboidal base and often a trun 
cated apex. It is apparently dimorphous; when precipitated from 
a warm benzene solution by the addition of acetone, it sometimes 
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separates in long needles, which form a bulky mass, but if left at 
the ordinary temperature in contact with their mother-liquor, 
these bulky needles give place to a compact deposit of the small 
homboidal prisms. The latter often become translucent or opaque 
vhen warmed with their mother-liquor, but sometimes remain 
quite transparent. 

The rhomboidal oxide melts sharply at 221—222° to a clear 
liquid which solidifies immediately when it is cooled and melts 
again at 221—-222°. The formula assigned to this substance is 
based chiefly on the results of silicon estimations and the hydrogen 
value; molecular-weight determinations were made by the ebullio- 
sopie method, but very little weight can be attached to the results 
Found : Si=15-1. Hydrogen value=59°7. M=800—900. Si,Ph,O, 
requires Si=14‘9 per cent. Hydrogen value=58°3. M=761). 

The hydrogen value alone does not exclude the formula 
HO-SiPh,*SiPh,-OH (p. 849), but all the other evidence available 
points to one of the alternative closed-chain formule already given 
ip. 834). It is obvious that certain objections might be raised 
to all these formule, but it would not be profitable to discuss 
such matters at the present juncture. 

The rhomboidal oxide is apparently isomeric with the compound 
formed from the “‘ unsaturated ” silicohydrocarbon by the action 
of nitrobenzene; it is certainly much less soluble than the latter in 
chloroform, benzene, and most other common solvents, but perhaps 
the difference is not greater than might be expected in the case 
of isomerides having the suggested relationship; the rhomboidal 
oxide is very prone to form supersaturated solutions, whereby a 
false impression of its solubility might be created. .The rhomboidal 
oxide has been obtained, but always in relatively small quantities, 
both from the saturated and the “‘ unsaturated ”’ silicohydrocarbons. 
Thus, it is formed when the saturated compound is heated with 
glacial acetic acid containing a small proportion of nitric acid; also 
when the saturated silicohydrocarbon is treated with bromine at 
the ordinary temperature and the product submitted to hydrolysis. 
lt has not been obtained directly from the “‘ unsaturated ”’ silico- 
tydrocarbon, but it is formed when the oxide, Si,Ph,O, is cautiously 
oxidised with nitric acid in glacial acetic acid solution, or very 
carefully treated with piperidine in acetone solution. It is also 
produced by the decomposition of the iodide in benzene solution, 
ptobably owing to the combined action of atmospheric oxygen 
and hydrogen iodide. 

None of these methods of formation throws much light on the 
‘tructure of the oxide or on the relationship between the saturated 
ind the “‘ unsaturated ” silicohydrocarbons; so far a good method 


846 KIPPING AND SANDS: 


for its preparation has not been elaborated. Except for its decom. 
position under the influence of aqueous piperidine or methyl. 
alcoholic soluti/ns of alkali hydroxides, the oxide seems to be 
relatively very stable; it crystallises unchanged from boiling acetic 
anhydride and it is only very slowly oxidised by an acetic acid 
solution of nitric acid. 


Saturated Silicohydrocarbon, Si,Phg. 


The product (B) of the interaction of diphenylsilicon dichloride 
and sodium (compare p. 836) is easily obtained in a pure state by 
recrystallisation from ethyl acetate. It does not melt at 400°, 
but if kept at this temperature during a short time it is changed 
into a glue-like mass. As it crystallises in short, well-defined, 
rectangular prisms which are fairly characteristic, its purity could 
be relied on with practical certainty from its appearance under 
the microscope. Many different samples were analysed (Found: 
Si=15°5, 15°6, 15°8, 15°7, 15°38; C=78'3; H=5°6. SiPh, requires 
Si=15°6; C=79°0; H=5°5 per cent.). The hydrogen value 
showed clearly that the substance was a silicohydrocarbon (compare 
this vol., p. 849) and cryoscopic results in benzene solution gave 
M=734, 718, 718 (calc. for Si,Ph,, M=729°6). 

This saturated silicohydrocarbon dissolves very readily in cold 
benzene; it is also readily soluble in cold chloroform and hot ethyl 
acetate, but only sparingly in boiling acetic acid and almost insoluble 
in cold acetone, ether, and ethyl alcohol. Compared with the 
‘‘ unsaturated ”’ silicohydrocarbon, it is a very inert substance. It 
is not attacked appreciably by iodine in benzene solution at the 
ordinary temperature, and even bromine acts on it very slowly. 
It may be repeatedly recrystallised from boiling tetrachloroethane 
or boiling nitrobenzene without its undergoing any appreciable 
decomposition, and it may also be recrystallised from boiling piper- 
idine several times without any notable change. When, however, 
its solution in wet piperidine is heated at about 90° during some 
hours, the silicohydrocarbon is completely decomposed ; from the 
solution itis possible to isolate diphenylsilicanediol and tetra-anhydro- 
tetrakisdiphenylsilicanediol (T., 1912, 104, 2125), but no substances 
other than diphenylsilicanediol and its condensation products seem 
to be formed in this reaction. The silicohydrocarbon is also acted on, 
but relatively slowly, by aqueous methy] alcohol or acetone solutions 
of alkali hydroxides ; from these solutions after the expulsion of the 
organic solvent, acetic acid precipitates long, colourless needles which 
have the (somewhat indefinite) properties of diphenylsilicanediol. 

The action of bromine on a carbon tetrachloride solution of the 
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‘Buturated silicohydrocarbon at the ordinary temperature does not 
‘Bysult in the separation of any silica; so far the only products 


yhich have been identified are the rhomboidal %xide and con- 
jensation products of diphenylsilicanediol. When the saturated 
ilicohydrocarbon, partly dissolved and partly suspended in boiling 
yetic acid, is treated with a small proportion of nitric acid, a 
rigorous action sets in, but soon subsides; after some time the 
aystalline deposit consists of the rhomboidal oxide either alone or 
nixed with a certain proportion of the unchanged silicohydrocarbon. 


Formation of the ‘‘ Unsaturated’ Silicohydrocarbon from the 
Di-iodide. 


Afreshly-prepared benzene solution of the di-iodide was evaporated 
under reduced pressure and the residue dissolved in xylene; a con- 
siderable excess of sodium was then added and the solution was 
boiled during about nine hours until the separation of sodium iodide 
semed to be at an end and a portion of the filtered liquid seemed 
tobe free from halogen. When cold, the xylene solution was filtered 
and the residue extracted with boiling benzene; from the extract 
there was obtained a compound which, judging from its appearance 
uder the microscope and its slight solubility in benzene, was 
identical with the “unsaturated” silicohydrocarbon; like the 
latter, moreover, it combined with iodine in benzene solution at 
the ordinary temperature and the iodide, on hydrolysis, gave a 
product which was indistinguishable from the oxide, Si,Ph,O, 
already described. The original xylene filtrate gave on evaporation 
a residue, which was treated with cold acetone; the insoluble 
portion consisted of the ‘‘ unsaturated ”’ silicohydrocarbon, whereas 
the soluble matter was a glue-like or resinous substance similar 
incharacter to the main product of the action of sodium on diphenyl- 
silicon dichloride. As it seemed impossible that this glue contained 
any of the saturated silicohydrocarbon, it was not further examined. 
The yield of the “ unsaturated ” silicohydrocarbon was not more 
than 60—70 per cent. of the theoretical and the conversion of the 
iodide into this substance seemed to require a higher temperature 
and far more prolonged heating than are necessary in the preparation 
of the ‘‘ unsaturated ’” compound from diphenylsilicon dichloride. 


The authors desire to express their thanks to the Industrial and 
Scientific Research Department for assistance in connexion with 
this investigation. 


UNIVERSITY COLLEGE, 
NorrincHaM. (Received, February 17th, 192 1.] 
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XCIV.—Org@nric Derivatives of Silicon. Part XXV] 
Piperidine as an Analytical Reagent. 


By Freprric StanLtey Kriprine and James Epwin Sanps, 


In the course of the investigation described in the preceding com. 
munication, difficulties arose in the determination of the molecular 
formule of some of the compounds. Silicon estimations as a ruk 
gave trustworthy results when the compound was decomposed 
with a mixture of concentrated sulphuric and _ nitric acids, but 
sometimes the residual silica contained carbon which did not bum 
away even on prolonged and intense ignition; a similar but darker 
residue was often obtained when the silicon compound was heated 
alone, so that the results of combustions could not have been 
relied on. The quantity of carbon in the silica residues was some. 
times estimated with the aid of hydrofluoric acid, but as the 
theoretical quantities of silicon calculated for two possible formule 
might differ by only about 0-2 to 0-3 per cent., this method was 
not sufficiently trustworthy. 

In these circumstances some additional analytical method was 
urgently required, and an estimation of the hydrogen evolved by 
the action of alkalis on the silicon compound naturally suggested 
itself, this process having been used in these laboratories many 
years ago. Some of the substances, however, were not appreciably 
attacked by aqueous solutions of alkali hydroxides, and owing to 
their very slight solubility in alcohol or acetone, the presence of 
either of these solvents did not cause the reaction to proceed with 
suitable rapidity. 

The behaviour of the silicon compounds towards various organic 
bases, such as pyridine, benzylamine, and piperidine, was then 
examined, and it was found that whereas the first two bases had 
a very slow action, piperidine brought about a rapid decomposition 
accompanied by an evolution of hydrogen. 

Now if this action of piperidine was analogous to that of alkalis 
and took place quantitatively, it would be very easy to distinguish 
between certain possible formule for a particular compound by 
measurement of the evolved hydrogen. The method was tested 
by making experiments with the “ unsaturated ”’ silicohydrocarbo 
described in the preceding paper. A small quantity of the sub- 
stance (about 0-1 gram) is placed in a test-tube together withs 
small tube containing piperidine (about 2—3 c.c.) and the test 
tube is connected to a long, graduated tube partly immersed in’ 
cylinder of water. When the air in the apparatus has acquired 
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room temperature, the piperidine is brought into contact with the 
licon compound and the reaction is started by the application of 


beat. A brisk evolution of hydrogen sets in, and after the liquid 


has been heated during ten to fifty minutes the operation is finished. 
A high degree of accuracy in measuring the volume of the gas is, 
of course, unnecessary. 

The results were so satisfactory in the case of the ‘“‘ unsaturated”’ 


-Esilicohydrocarbon (see below) that this method of analysis was 
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applied to all the other compounds described in the preceding 
paper; it is very easily carried out and requires only a very small 
quantity of material. In some cases a little pyridine was added 
to the piperidine to see if the presence of a reducible substance 
would lower the results, but it did not. Experiments were also 
made with hexaphenylsilicoethane and dl-diphenyldiethyldipropyl- 
silicoethane (this vol., p. 647), but after six hours’ heating in the 
case of the former and twenty hours’ heating in the case of the 
latter no hydrogen had been evolved; it seems therefore that a 
compound such as SiPh,*SiPh:SiPh-SiPh, might give SiPh,-SiPh(OH), 
on hydrolysis and not be further decomposed, in which case, of 
course, the hydrogen value would be much lower than that of the 
“unsaturated ” silicohydrocarbon, Si,Ph,, which is hydrolysed in 
accordance with the equation 


Si,Ph, + 8H,O = 4SiPh,(OH), + 4H,. 


Some of the formule discussed in the preceding paper, between 
which it was necessary to decide, are given in the following table, 
which shows the calculated percentage of silicon and also the 
volume of hydrogen which should be evolved by the decomposition 
of 1 gram of the compound ; the latter is termed the hydrogen value, 
and the figures in the last column give the hydrogen values found 
experimentally. 

Calculated. Found. 
Compound. % Si. Hydrogen Hydrogen 


value. value. 
1 mol. 1 gram. 


“Unsaturated” — silicohydro- S.Phs 1556 4H, 123c.c. 118, 119 
carbon 1 20 c.c. 


Saturated silicohydrocarbon S.Ph, 15°56 4H, 123 120, 122 
SiPh,'SiPh, 
SiPh, SiPh.> 
SiPh,* SiPh,* OH 
SiPh,’SiPh,OH 


Octaphenylsilicotetrane oxide 15:22 3H, . 87°5 


Octaphenylsilicotetranediol 14-86 , — 


. . > 
Oxide $i,Ph,O, ae og 6 14-89 
a 2 


SiPh,* ors th 14-89 


Rhomboidal oxide Si,Ph,O, SiPh,"O°SiPh 
20 2 


SiPh,° SiPh, 
SiPh,-O 

Hexaphenylsilicotrianediol HO‘’SiPh,’SiPh,’SiPh,"OH 14:7 
Tetraphenylsilicoethanediol HO‘SiPh,’SiPh,-OH 14-2 


Hexaphenylsilicotriane oxide 15-1 


850 WARD: ALUMINIUM CHLORIDE AND FERRIC CHLORIDE 


It will be seen that the results obtained with the two silicohydn. 
carbons afford very strong evidence that both the compounds haye 
the formula (SiPh,),; that neither contains the group -SiHPh,@ 
which would give three instead of two atoms of hydrogen, or 
group C,H,:SiPh-, which would give either one or three atoms of 
hydrogen, according to. the course of the reaction. It also seems 
probable that if either substance contained a -SiPh, group it would 
give a low hydrogen value (see above). The distinction between 
the formule Si,Ph,O and Si,Ph,O, or the formule Si,Ph,O and 
Si,Ph,O is also rendered a simple matter, whereas silicon estimations 
alone would have been insufficient. 


The authors desire to thank the Industrial and Scientific Research 
Department for assistance in carrying out this work. 


UNIVERSITY COLLEGE, 
NOTTINGHAM. [Received, February 17th, 1921.] 


XCV.—The Use of Aluminium Chloride and Ferric 


Chloride in the Preparation of Phenolphthalein. 


By CuHarRLes FREDERICK WARD. 


THIs paper contains an account of some attempts made early in 
1920 to improve Baeyer’s method for the preparation of phenol- 
phthalein (Ber., 1876, 9, 1230; Annalen, 1880, 202, 68), in which 
sulphuric acid is used as a condensing agent. The substances 
which were used as condensing agents in this research were 
anhydrous aluminium chloride, anhydrous ferric chloride, and acetic 
anhydride. 

Anhydrous aluminium chloride gives an improved yield of 
phenolphthalein when the phthalic anhydride and aluminium 
chloride are in molecular proportions and the phenol is in slight 
excess. Only poor yields are obtained by using an excess of either 
phenol or aluminium chloride. The reaction is smooth and easily 
controlled by adjusting the temperature of the reacting mixture. 
The product is clean and is easily purified. . 

Anhydrous ferric chloride is not so satisfactory as aluminium 
chloride. The yields are poor and the products more difficult t 
purify, being contaminated with other condensation products, 
chiefly 1- and 2-hydroxyanthraquinones and 2-0-hydroxybenzoy! 
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IN THE PREPARATION OF PHENOLPHTHALEIN. 


‘B.nzcic acid. The formation of fluoran was not observed in any 
¥ these experiments (see Copisarow, T., 1920, 117, 209). 

Acetic anhydride has no action as a condensing agent in the 
paration of phenolphthalein by this method. 


EXPERIMENTAL. 
Aluminium Chloride. 


(l) Phthalic anhydride (10 grams), phenol (25 grams), and 
hydrous aluminium chloride (15 grams) were mixed in a 250 c.c. 
isk and gently warmed in an oil-bath. At about 45° a vigorous 
action set in, hydrogen chloride being evolved, and the whole 
pass changed to a bright pink liquid. The temperature was gradu- 
y raised to 100° during one hour, when the reaction was appar- 
tly completed, as hydrogen chloride was no longer evolved and 
he product had set to a solid mass. The product was distilled in 
current of steam and the residue extracted first with dilute hydro- 
hloric acid to remove alumina and then with dilute sodium hydr- 
ide solution. The crude phenolphthalein was precipitated by 
lilute acid and crystallised from 70 per cent. methyl alcohol. The 
int fraction consisted of almost pure, well-crystallised phenol- 

A further quantity was obtained from the mother- 
iquors, which finally deposited a glue-like mixture of hydroxy- 
athraquinones and hydroxybenzoylbenzoic acid. The yield of 


») per cent. of the theoretical. 

(2) In this experiment, similar quantities were taken, but the 
heating was continued during five hours at 100°. The yield was 
bgain 35 per cent., so that the reaction is practically completed 
after one hour. 

The results of several experiments are best summarised in the 
form of a table. Number 5 shows the quantities and conditions 
which gave the best result. 


Phthalic Aluminium Period of 
anhydride, Phenol, chloride, heating, Yield, 
grams. 3. per cent. 


15 


The temperature in all cases was gradually raised from 40° to 
10°, except in experiment 4, when the mixture set to a solid 
mass at 60° after fifteen minutes. 
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Ferric Chloride. 


Phthalic anhydride (10 grams), phenol (20 grams), and anhydrous 
ferric chloride (20 grams, freshly prepared) were mixed and gently 
heated. No reaction was apparent, but after heating at 13) 
during five hours and treating the product as before, a yield of 
30 per cent. of the theoretical was obtained after a tedious proces 
of purification from other condensation products. 

Other experiments showed that an excess of phenol had no 
influence on the yield of phenolphthalein and the results ar 
summarised in the following table : 


Phthalic Ferric Period of 
anhydride, Phenol, chloride, heating, Yield, 
grams. grams. grams. hours. per cent. 


10 20 20 30 
” 25 25 35 
a 50 20 ” 


The temperature in all cases was between 130° and 150°. The 
products were dark brown and could only be obtained pure after 
many crystallisations. 


Acetic Anhydride. 


In an experiment with acetic anhydride as the condensing agent, 
made in the hope of obtaining phenolphthalein diacetate, phenyl 
acetate was the only product of the reaction. 


Addendum. 


In March, 1920, while this work was in progress, Copisarow 
(loc. cit.) published a paper dealing with the condensation of phenol 
and phthalic anhydride in the presence of various condensing 
agents: boric acid and sulphuric acid, hydrogen chloride, zine 
chloride (anhydrous), and hydrogen chloride. Phenolphthalein wa: 
obtained in 50 per cent. yield by the use of zinc chloride and an- 
hydrous hydrogen chloride together as condensing agents and 3 
method of purification similar to that employed in this research. 
As such a method is more economical, in addition to being mor 
efficient, there was no object in continuing the present research. 
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XCVL—The Cumulative Effect of the Chlorine Atom 
and the Methyl and Sulphonyl Chloride Groups on 
Substitution in the Benzene Nucleus. Part I. 


By Wit11am Davis. 


Tux position taken up by a new, entering group under the directive 
influence of two groups already present in the benzene nucleus 
has been generalised in laws that have almost completely been 
established. When three groups are present, however, the problem 
where substitution will take place becomes more complicated, and 
no systematic attempt at its solution has been made. It was 
thought that the nitration of certain chlorotoluenesulphonyl 
chlorides would throw light on this problem. 

The first part of the research is concerned with the constitution 
of the different mononitro-derivatives of 2-chloro-p-toluenesulphonyl 
chloride (1). The only literature on the subject is the mere state 
ment in the German patent (D.R.-P. 145908; Friedlander, VII, 
467) that 2-chloro-5-nitro-p-toluenesulphony]! chloride (II) is formed 
gounitration. No evidence of this is adduced. 

Now it would at first sight be expected that the ortho-directing 
influence of the methyl group, together with the meta-directing 
influence of the sulphonyl chloride group, would be greater than 
the tendency, due to the chlorine atom, for substitution to take 
place in the para-position with respect to the chlorine atom. There- 
fore more of IIIT would be expected than of IT. The method of 
titration and the analysis of the products are described in the 
experimental part of this paper. 


The orientation of 2-chloro-5-nitro-p-toluenesulphonyl chloride 
presented considerable difficulties. Heating in a sealed tube with 
liming hydrochloric acid for periods of from twelve to thirty-six 
lours between 140° and 180° resulted in the sulphonyl chloride 
soup being converted into the sulpho-group, but led to no further 
\ydrolysis, Similarly, when the sodium salt in 80 per cent. sulphuric 
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acid was distilled in superheated steam at 250°, no oil passed over 
into the distillate. The conversion into a dichloronitrotoluene 
was then attempted by the elimination of sulphur dioxide. Hoy. 
ever, careful heating at the ordinary and under diminished pressure 
led to extensive decomposition, and only a trace of sulphur dioxide 
was formed. Efforts to replace the sulphonyl chloride group by 
chlorine were made by heating with phosphorus pentachloride, 
after the method described by Olivier (Rec. trav. chim., 1920, 39, 
502). Negative results were obtained. 

Finally, the powdered sodium chloronitrotoluenesulphonate was 
gently heated separately with potassium ferrocyanide, sodium 
formate, and sodamide, in order to replace the sulpho-group bya 
cyano-, carboxyl, and amino-group respectively. However, the 
sodium chloronitrotoluenesulphonate, which decomposes at about 
220°, deflagrated in all these cases before the reagents could enter 
into reaction. 

Since IT could not directly be converted into known derivatives, 
its constitution was determined by a circuitous method. Sodium 
chloronitrotoluenesulphonate was reduced and converted into 
6-chloro-m-toluidine-4-sulphonic acid (V), which was converted into 
a chlorodibromotoluidine and sulphuric acid by the action of 
bromine water. This compound is undoubtedly 6-chloro-2:4 
dibromo-m-toluidine (V1). 


The replacement by bromine of the sulpho-group in amino- 
benzenesulphonic acids, through the action of bromine water, 
has been found to occur only when the amino- and sulpho-groups 
are in the ortho- or para-position with respect to each other (Bahl: 
mann, Annalen, 1877, 186, 309; Evans, P., 1896, 12, 235). When 
these two groups are in the meta-position to each other, the action 
of bromine water leads to the formation of bromoaminobenzene- 
sulphonic acids. 

Therefore the conversion of the chlorotoluidinesulphonic acid it 
question into a chlorodibromotoluidine shows that the original 
chloronitrotoluenesulphonyl chloride is either II or IV. 

This conclusion was borne out by the behaviour of the sodium 
chloronitrotoluenesulphonate when boiled with dilute sodium 
hydroxide solution. A red salt, almost insoluble in the boiling 
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olution, was gradually formed, and it was converted by acidification 
into a chloronitrocresol readily volatile in steam and possessing 
a faint smell recalling that of o-nitrophenol. Moreover, the alkali 
alts were intensely coloured. These properties show that the 
nitro-group in the chloronitrocresol is in the ortho-position with 
respect to the hydroxy-group, and therefore that the parent substance 
is either II or IV. 

2-Chloro-5-nitro-p-cresol (VII), m. p. 71°, is of unusual interest 
because the sodium salt is sparingly soluble, whilst the potassium 
alt is moderately soluble in water. The sodium salt is readily 
formed as an amorphous red precipitate by double decomposition 
from the potassium salt. This reaction may be useful in estimating 
the amount of the sodium salt in a mixture of sodium and potassium 
salts. 

Since the chloronitrocresol melting at 71° might possibly have 
been derived from the third possible chloronitrotoluenesulphonyl 
chloride (IV), the substance having the formula VII was prepared 
by a method that left no doubt as to its constitution, and the two 
chloronitrocresols were compared. The diagram below summarises 
the reactions involved in the synthesis. 


Me 


Na NaOH and 


seeutiin NO,\ i ton 
NH, 
(VIIL.) 


The chloronitrotoluidine (VIII), from which the chloronitrocresol 
(VII) was prepared, has already been described, and its constitution 
clearly established by its conversion into 2 : 4-dichloro-5-nitro- 
toluene (Blanksma, Rec. trav. chim., 1910, 29, 414). In the pre- 
paration of VIII, 2-chloroaceto-p-toluidide was nitrated at first 
with the quantity of nitric acid used by Claus and Bocher (Annalen, 
1891, 265, 354). The large excess of nitric acid, together with 
inadequate cooling, led to the formation of a dinitro-derivative, 
namely, 2-chloro-3 : 5-dinitroaceto-p-toluidide (IX), which can readily 
be hydrolysed to the corresponding amine (X). The nitration of 
2-chloroaceto-p-toluidide was then carried out after the method of 
Blanksma (loc. cit.), and the chloronitroacetotoluidide and the 
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corresponding amine obtained possessed the melting points recordef 
by Blanksma. 


Me 
‘? Nou 
NO, \ N02 } 
ttc 
([X.) 

The attempted transformation of the amine VIII into the corr 
sponding phenol by means of the diazo-reaction at first gave negativg 
results. Like many other diazo-compounds derived from halogen 
or nitro-substituted amines (compare Cain, ““ The Diazo-compounds,’ 
1920, 38), the diazo-compound produced in this case was ven 
stable. It was found that the addition of the diazonium solution 
to boiling dilute sulphuric acid containing various amounts @ 
sodium sulphate gave mere traces of a phenolic substance, buf 
that when copper sulphate was present in the boiling acid mixtur, 
the decomposition took the desired direction, and a 20 per cent. 
yield of the hydroxy-compound was obtained. It was shown by 
a mixed melting-point determination to be identical with the 
chloronitrocresol already obtained from the sodium chloronitro- 
toluenesulphonate. 

It is therefore evident that the chloronitrotoluenesulphonyy? 
chloride melting at 99°2° has the constitution indicated by IL 
The proof of the constitution of this substance is summarised a 
follows : 


(LL) 


cows OF 
NOX / 
SO,Cl 


4 Me 
fy Ri hs ( Nel 
} NO,\ 3 
Bd ~ al 
OH NH, 
[t was found later that a 5 per cent. yield of VILL was obtained 
by heating IT under pressure with an alcoholic solution of ammonia. 
The orientation of 2-chloro-6-nitro-p-toluenesulphonyl chloride (Ill), 
m. p. 70°, was also unexpectedly difficult. Attempts to replace the 
sulphonyl chloride group by hydrogen were made under condition 
similar to those already referred to (p. 853), but without succes. 
It was similarly found impossible to replace the sulphonyl chlorite 
group by chlorine, through the elimination of sulphur dioxide. 


(VIIL.) 
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A consideration of the formula of 2-nitro-p-toluenesulphonyl 
jloride (XI) shows that all three groups will cause substitution 
» take place at the vacant ortho-position with respect to the 
methyl group. Chlorination of this substance would therefore be 
apected to lead to the formation of III. By a comparison of the 
ilorination product with the chloronitrotoluenesulphonyl chloride 
melting at 70°, it was hoped that the constitution of the latter 
lubstance would be established. 2-Chloro-p-toluenesulphonyl 
hloride was accordingly prepared (compare Reverdin and Crepieux, 
Ber, 1901, 34, 2992), and exposed to the action of chlorine at 


Barcus temperatures (70—130°) in the presence of catalysts. 
_Ma(hlorination could not be effected. 


In repeating a preparation of 2 : 6-dinitro-p-toluenesulphonic acid 
fter Reverdin and Crepieux (loc. cit.), a by-product of about 2 per 
at. of 2 : 4-dinitrotoluene was obtained, indicating that a sulpho- 


goup may, when meta to a nitro-group, be replaced by another 


nitro-group. In order to convert the chloronitrotoluenesulphonyl 


| chloride under investigation into a known chlorodinitrotoluene, it 
Bis heated with a nitrating mixture, but the sulpho-group was not 


liminated, even under drastic conditions. 
The constitution of the chloronitrotoluenesuiphonyl! chloride was 


) finally elucidated by the action of sodium hydroxide solution. 
jMAiter prolonged boiling with the alkaline solution, acidification led 


to the production of no chloronitrocresol, which would probably 


have been formed had the chloronitrotoluenesulphonyl chloride 
lad the constitution expressed by IV. On the other hand, when 


tained 
nonia. 
, (II), 
ce the 
Litions 
1Ccess. 
Joride 


the cold acid solution was treated with sodium nitrite and poured 
into an alkaline solution of @-naphthol, a red dye. was produced, 
indicating that an amino-derivative had been formed by the action 
ifalkali on the chloronitrotoluenesulphonyl chloride. It is there- 
we very probable that auto-oxidation and reduction had taken 
place, with the production of a derivative of anthranilic acid, just 
a the action of alkali on 2-nitro-p-toluenesulphonic acid leads to 
the formation of p-sulphoanthranilic acid (D.R.-P. 138188). This 
reaction is only known to occur when the nitro- and methyl groups 
in nitrotoluene derivatives are in the ortho-position with respect 
toeach other. There can therefore be little doubt that the chloro- 
uitrotoluenesulphonyl chloride melting at 70° has the formula ILI. 

The chlorination of 2-chloro-p-toluenesulphonyl chloride was 
undertaken to ascertain whether the entering chlorine atom, like 
the nitro-group, would be directed chiefly into the 5-position. 
}-Toluenesulphonyl chloride has indeed been dichlorinated (D.R.-P. 
210856), and the chlorinated product yielded, on the removal of 
the sulpho-group, a large proportion of 2 : 6-dichlorotoluene, with 
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some 2:3: 6-trichlorotoluene. As the only evidence mention 
in favour of the dichlorotoluene being the 2 : 6-isomeride was thy 
boiling point (190—200°), it was felt, in the light of the researifMr 
already described, to be improbable that XII was the sole dichloy. 
p-toluenesulphony! chloride produced. 

With antimony trichloride as catalyst, the chlorination of 2-chlor. 
p-toluenesulphonyl] chloride took place smoothly at 65—70°. The 
patent seems to be practically justified, for the chief product wa 
2 : 6-dichloro-p-toluenesulphonyl chloride (XII). However, th 
presence of the expected isomeride (XIII) was shown. 

The proportion of solid 2 : 6-dichloro-p-toluenesulphony! chloride 
isolated was 66 per cent. of theory, and the amount actually formed 
must have been considerably greater, for it was not completely 
separated from the mixture of dichlorotoluenesulphony! chloride 
produced. 

Sodium 2 : 6-dichloro-p-toluenesulphonate was hydrolysed vey 
smoothly with the production of a dichlorotoluene which wa 
converted into a dinitro-derivative melting at 121°. The dinitro. 
derivative of 2 : 6-dichlorotoluene melts at 121—122° (Cohen ani 
Dakin, T., 1901, '79, 1130). The dichlorotoluene was partly oxidised 
by nitric acid in a sealed tube and the acid produced shown to le 
identical with 2 : 6-dichlorobenzoic acid. 

Advantage was taken of the steric hindrance to oxidation with 
permanganate solution, shown by 2 : 6-dichlorotoluene, in order to 
prove that 2 : 5-dichloro-p-toluenesulphonyl chloride (XIII) had 
been produced. The oil from which the solid 2 : 6-dichloro-p. 
toluenesulphonyl chloride had been separated was converted into 
the corresponding mixture of dichlorotoluenes, which was then 
oxidised by potassium permanganate solution. 2 : 5-Dichloro- 
benzoic acid was obtained. The proportion of 2 : 5-dichloro-p- 
toluenesulphonyl chloride was not determined, but it was small. 

The results of the chlorination of 2-chloro-p-toluenesulphonyl 
chloride are represented in the diagram below. 


Me Me 


ci ‘ct . ( ‘cl 
Vf if 
So,Cl No,Cl 
Chief product 


(XIL.) 


Discussion of Results. 


The nitration of I * shows that the para-directing influence of the 
chlorine atom is about three times as great as the combined ortho- 


* The numbers used in the discussion refer to the formule on p. 859. 
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1d meta-directing influences of the methyl and sulphony]l chloride 
Broups respectively. An explanation of the apparently extraordin- 
ily great influence of the chlorine atom can be deduced from a 


Me 
ci’ ‘cl 


“ZF 
SO,Cl 
(above 66 per cent.) 
Me 


J 
m CO 


‘Xo, Cl 
(74°5 per onaik 
(III.) 
Me Me 


/Ncl Cl 
Sm 
No, 


(12 per cent.) (I1.) (above ps per rokl 
(IV.) 


msideration of the relative speeds of substitution caused by ortho-, 
para-, and meta-directing groups respectively. The order * in the 
wo series is as follows : 


OH>NH,>Cl>I>Br>CH, 
CO,H >SO,H > NO,. 


Hence it is very probable that the directing influence of the 
hlorine atom in I, weakened as it is by the presence of the methyl 
group in the ortho-position, is nevertheless of the same order as, 
ad possibly greater than, the influence of the sulphonyl chloride 
soup. This deduction can be tested by the results obtained in 
he nitration of II (compare Morgan and Drew, T., 1920, 117, 786), 
he speed of substitution in the meta-position caused by the nitro- 
group is less than that caused by the sulpho-group (see above), 
uid therefore presumably less than that caused by the sulphonyl 
hloride group. It would therefore be expected that the amount 
f substitution in the para-position with respect to the chlorine atom 
in] would be less than the amount of substitution in the same 


infihrung von Substituenten in den Benzolkern,”’ 1910, 466, 469. 
VOL. CXIX. HH 
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The results obtained show that in predicting the position chiefy 
taken up by a new fourth substituent, it is necessary to bear in 
mind the relative directing powers of the two positive * substituents, 
Even the difference in power of these two groups may be great 
enough to overwhelm the effect of the third, negative, group. 

The foregoing remarks do not apply when the particular case of 
substitution is the entry of chlorine. It is, however, conceivable 
that when the directing influences of the substituents in the benzen 
nucleus more or less balance each other, the effect (usually quite 
secondary) of the nature of the entering group will then be much 
enhanced. This may be the reason why in I chlorination and 
nitration cause substitution to take place in different ways. This ff 
point is being studied with reference to other substances than I. 

It is noteworthy that the sulphonyl chloride group in III ani 
the nitro-group in the para-position to the chlorine atom (Morgan 
and Drew, loc. cit.) in [V are reactive towards ammonia and sodium 
hydroxide. This interesting and unexpected result may receive 
some explanation from the theory of Kenner (T., 1914, 105, 2717; 
Kenner and Parkin, T., 1920, 117, 852). This theory shows that 
the displacement of mobile substituents is presumably preceded 
by the formation of a molecular additive compound through the 
agency of the nitro-group in the ortho- or para-position with respect 


to the group which is actually displaced. The non-reactivity od 
the nitro-group in III indicates that the sulpho-group is incapable 
of forming such an additive compound. 


EXPERIMENTAL. 
2-Chloro-p-toluenesulphonyl Chloride. 


The preparation, based on D.R.-P. 145908, was conducted aff 
follows : 

p-Toluenesulphony] chloride (311 grams; 1 mol.) was melted with 
antimony trichloride (6 grams), and chlorine introduced until the 
increase in weight was 57 grams (1 atom of chlorine). The chlorit- 
ation took place very smoothly, and the temperature was mail- 
tained at 70—80° without external heating by adjusting the rate 
of flow of chlorine. The product, which solidified on cooling, wa 
well stirred with water at 40°, extracted with warm benzene, tht 
benzene solution filtered from antimony oxychloride, washed witli 
dilute sodium hydroxide solution, then with water, and dried ové 


* The words “ positive’’ and “ negative’’ are used with the meanilj™h, 


generally accepted in discussions on orientation, namely, ortho-para-, al! 
meta-directing, respectively. 1t is often convenient (although really incortett 
to call the halogens “ positive ’’ when describing their directive effect. 
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calcium chloride. The benzene was removed, and the sulphonyl 
chloride distilled under diminished pressure. A small amount of 
toluenesulphonyl chloride was obtained, b. p. 169°/38 mm., but 
the main fraction consisted of 276 grams of a colourless oil, b. p. 
177—180°/38 mm. Finally, the dark residual liquid in the flask 
began to decompose, and was not examined. 

The main fraction solidified on cooling, and melted at 32—36°. 
Mter redistillation it melted at 35—37°, and a portion crystallised 
from light petroleum in plates melting at 37—38°. The amide 
prepared from it melted at 137° after crystallisation from alcohol. 
Wynne and Bruce (T., 1898, 73, 764) found the melting points of 
2-chloro-p-toluenesulphonyl chloride and of the amide to be 37° 
and 134° respectively. 

2-Chloro-p-toluenesulphonyl chloride boils at 166°/24 mm. and 
178°/36 mm., and its smell closely resembles that of p-toluene- 
sulphonyl chloride. 


Nitration of 2-Chloro-p-toluenesulphonyl Chloride. 


2.Chloro-p-toluenesulphonyl chloride (100 grams) was gradually 
added with stirring to a cold mixture of nitric acid (50 c.c.; D 1°50) 
and sulphuric acid (125 c.c.), and the mixture stirred for two hours. 
The sulphonyl chloride at first liquefied, but when the nitration 
was complete it was converted into a solid of a butter-like consistence. 
The temperature was kept throughout at 20—30°. The product 
was poured into a large volume of cold water, and the heavy nitrated 
portion repeatedly stirred and pressed with cold water until free 
from acid. The pale yellow mass was allowed to remain overnight, 
when it became quite hard and brittle. It was then powdered and 
tried on a porous plate in a vacuum over calcium ychloride. | The 
ield was 109 grams and the melting point about 50—80°. 

Slight hydrolysis of the sulphonyl chloride to the sulphonic acid 
weurred during nitration, but dinitro-derivatives were not pro- 
i¢@tuced even when ten times the amount of nitric acid theoretically 

‘required for mono-nitration were used. 


Separation of the Isomerides. 


A very convenient solvent for separating the isomerides formed 
as found to be light petroleum (b. p. 60—80°). After crystallising 
q@eour times, most of the less soluble isomeride was obtained in 
_ Btisms (60 grams), melting at 96—98°. The mother-liquor (500 c.c.) 
'’as concentrated to one-sixth of its volume, crystals and oil separ- 
ted, and a further quantity of oil was formed on complete evapor- 
tion of the mother-liquor. The oil and crystals were mixed and 
HH2 
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extracted with small portions of light petroleum (b. p. 40—60') 


until half the mixture had gone into solution. The residue off 


sisted almost entirely of the less fusible isomeride. The }j 
petroleum solution slowly deposited long needles melting at 64—¢¢ F 
together with some of the less fusible isomeride. By proceediy 
in this manner 12 grams of needles (m. p. 70°) and 80 grams ¢ 
prisms (m. p. 99°2°) were obtained. The proportion of isomeridall 
formed is, however, more accurately determined by the melting. A 
point curve than by fractional crystallisation. 


' Melting-point curve of 2-chloro-5-nitro- and 2-chloro-6-nitro- 
p-toluenesulphonyl chlorides. 
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Percentage of 2-chloro-6-nitro-p-toluenesulphonyl chloride. 


Proportion of the Isomerides formed in Nitration. 


The melting-point curve of the two isomerides was obtained i 
the usual way. When the less fusible isomeride was present in! 
proportion greater than that required for the eutectic mixtur, 
crystallisation took place very readily with only a small amoutl 
of supercooling, and the first-solidification points were obtained 
with a considerable degree of accuracy. But when the more fusibh 
isomeride was in excess of the eutectic mixture, crystallisation 
came extraordinarily sluggish. With slight supercooling crystalli- 
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ion took place so slowly that the thermometer in the mixture was 
garcely affected, and even with considerable supercooling the 
solidification was extremely slow, although care was taken to have 


he smaller branch of the curve are somewhat lower than they 
vould have been had the crystallisation taken place with normal 


branch of the melting-point curve is slightly concave, as shown, 
vhilst the longer branch is slightly convex. Slowness of crystal- 
sation is not unknown in the case of mixtures of sulphony] chlorides, 
specially when a large amount of the more fusible isomeride is 
present. For example, Holleman and Caland (Ber., 1911, 44, 
2506), in finding the solidification points of mixtures of o- and 
p-toluenesulphonyl chlorides, give only one first-solidification point 
but four second points), to determine the important portion of the 
urve corresponding with mixtures containing 60°4 to 100 per cent. 
of the more fusible isomeride. 

It was fortunate that the portion of the curve required to deter- 
mine the proportion of isomerides in the nitration product corre- 
sponds with mixtures, of which the first-solidification points were 
obtained without difficulty. It was therefore not thought necessary, 
or the purpose of this investigation, to determine the melting- 
point curve of the sulphonamides derived from the isomeric sulphony] 
hlorides. 

The solidification points obtained are as follows : 

Percentage of 
the more fusible _ First-solidifi- Second-solidifi- 
isomeride. cation point. cation point. 

0 
7°26 
13°54 
16-10 
19°54 
28°94 
39°50 
46°98 
55°40 
60°72 
79°68 
82-10 
85°41 
100-00 
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The melting-point curve is constructed from these data. The 
tectic mixture melts at 50°9° and contains 63°3 per cent. of the 
ore fusible chloronitrotoluenesulphony! chloride. 

The nitration product (nitrated at 20—30° as described on p, 861) 
fm pure 2-chlorotoluenesulphonyl chloride was washed free from 
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acid, powdered, and dried on a porous plate, and then allowed t) 
remain under diminished pressure over phosphoric oxide. 

The first- and second-solidification points were 81°5° and 494° 
respectively. Hence the nitration product was composed almost 
entirely of the two chloronitrotoluenesulphonyl! chlorides isolated, 
Assuming the mixture to be a purely binary one, the proportion 
the more fusible isomeride (2-chloro-6-nitro-p-toluenesulphonyl 
chloride) is therefore 25°5 per cent. 

In order to ascertain whether a comparatively high temperatur 
of nitration would considerably alter the proportion of isomeride 
formed, the nitration in the presence of sulphuric acid was carried 
out at 65—70°, with a slight excess of nitric acid; the weight o 
the product was 83°6 per cent. of theory. The two solidification 
points were 74°8° and 47—48° respectively. The second pointfj ‘ 
was not at all sharp, but the solid nitration product softened at 
47—48°. Fractional crystallisation of the mixture by means d 
light petroleum resulted in the separation of only the two chlor 
nitrotoluenesulphonyl] chlorides melting at 70° and 99°2°, the les 
fusible one predominating. 

Owing to the fact that a considerable amount of hydrolysis a 
the sulphonyl chloride group had taken place during nitration, ani 
since the second-solidification point showed that the mixture wa 
not altogether a binary one, the relative amounts of the two is 
merides can be determined only very approximately by means 
the melting-point curve. The first point (74°8°) corresponds witl 
35 per cent. of the more fusible isomeride. The experiment is 0 
interest when compared with the chlorination of 2-chloro-p-toluent 
sulphonyl chloride at 65—70° (see p. 871), because it shows tha 
a comparatively high temperature is not the sole cause of substitu 
tion taking place in the ortho-position with respect to the methy 


group. 


2-Chloro-5-nitro-p-toluenesulphonyl Chloride (II, p. 853). 


The above sulphonyl chloride crystallises from light petroleu 
in large, colourless prisms melting at 99-2°.* It is readily solub 
in hot light petroleum (b. p. 60—120°), warm chloroform, of 
ether, and benzene. It is only slightly soluble in cold light petra 
eum and in cold chloroform, and is much less soluble in these tw 
solvents than the isomeride formed along with it (Found : N=5 
C,H,;O,NCLS requires N=5-2 per cent.). 


* The melting points of all the new compounds described and of most ( 
the other substances prepared in this series of investigations were 
with standardised, short, Anschiitz thermometers. 
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The amide is prepared by the action of ammonia upon the sulphonyl 
chloride, and crystallises from water and from alcohol in small 


of needles melting at 181° (Found: N=11-15. C,H,0,N,CIS requires 


N=11-2 per cent.). 

The sulphonic acid is formed by hydrolysing the sulphonyl 
chloride with concentrated hydrochloric acid in a sealed tube at 
140—150°. It is moderately soluble in water, from which it crystal- 
lises in thick clusters of very small, non-deliquescent needles, and 
after drying at 120° melts at 123—128°. 

The sodium salt, prepared by boiling the sulphonyl chloride with 
a slight excess of sodium hydroxide solution until the oil has dis- 
appeared (see p. 866), is very soluble in boiling water, moderately 
soluble in boiling alcohol (99 per cent.), and sparingly soluble in 
cold water and in cold alcohol. It crystallises from both solvents 
in very pale yellow needles, those from water containing two mole- 
cules of water of crystallisation. It can be obtained in colourless 
needles by neutralising the sulphonic acid. Both the sodium and 


fm barium salts are apt to decompose when heated above 220°, with 


the production of a black mass and of a vapour with a strong 
@ phenolic smell (Found: H,O=11-7; Na=7-1. C,;,H,O;NCISNa,2H,O 
mB requires HO=11-6; Na=7-4 per cent.). 

The barium salt is formed by boiling the sulphonyl chloride with 


is 2queous barium hydroxide. It is too soluble in water to be con- 
veniently prepared from the sodium salt by double decomposition. 
The barium salt is almost insoluble in boiling alcohol (95 per cent.), 
and is very soluble in hot and moderately soluble in cold water, 
4 from which it separates in colourless scales containing two molecules 
of water of crystallisation (Found: H,O=61; Ba=19-9. 
((;,H,O;NCIS),Ba,2H,O requires H,O=5-35; Ba=20-4 per cent.). 


6-Chloro-m-toluidine-4-sulphonic Acid (V, p. 854). 


Anhydrous sodium 2-chloro-5-nitro-p-toluenesulphonate (5 grams), 
dissolved in a mixture of hot water (50 c.c.) and glacial acetic acid 
25 ¢.c.), was treated gradually with iron filings (7 grams) and the 
# ‘ask heated, with frequent shaking, on the water-bath. After one 
hour the amino-acid began to separate from the hot solution. 
® lhe reaction liquid was made alkaline with dilute sodium hydroxide 
@ solution, filtered while hot, and the cold filtrate acidified with 
tydrochloric acid. The amino-acid was rapidly precipitated, and 
‘further quantity was isolated by concentrating the mother-liquor. 
The total yield was 3-1 grams. 

This chlorotolwidinesulphonic acid was only moderately soluble in 
biling water, from which it was deposited on cooling in thin, small, 
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colourless, anhydrous plates, which readily turned red on exposuy 
to light and air. The aqueous solution instantly decolorised bromiy 
water, even in the cold (Found: in air-dried material, loss ¢ 
160°=0-4 per cent.; in dried acid, N=6-4. C;H,O,NCIS require 
N=6-3 per cent.). 


6-Chloro-2 : 4-dibromo-m-toluidine (VI, p. 854). 


The preceding chlorotoluidinesulphonic acid (1 gram) was dis. 
solved in boiling water (50 c.c.), bromine water was added until it 
was no longer decolorised, and the flocculent precipitate produced 
was collected after remaining overnight. The filtrate contained 
sulphuric acid. The precipitate (1 gram) was crystallised from 
boiling alcohol. 

6-Chloro-2 :4-dibromo-m-toluidine is readily soluble in_ boiling 
alcohol and slightly soluble in cold alcohol, from which it crystallises 
in long, colourless needles melting at 99-5°, which, on keeping, become 
light red. It does not dissolve in dilute hydrochloric acid, and is 
slightly soluble in hot fuming hydrochloric acid [0-1214 gave 0-207) 
(AgCl-+AgBr); theo. for C,H,NCIBr,, 0-2106]. 


2-Chloro-5-nitro-p-cresol (VII, p. 855). 


In the preparation of sodium 2-chloro-5-nitro-p-toluenesulphonate 
it was noticed that the alkaline solution became red and that the red 
colour disappeared on acidification. When the strongly alkaline 
solution was boiled for several hours a red, insoluble substance was 
formed, and very violent ‘‘ bumping” ensued. This inconvenience 
was largely obviated when the hydrolysis was effected with dilute 
sodium hydroxide solution in the following way. 

A mixture of the sulphony] chloride (27 grams; 1 mol.) and J- 
sodium hydroxide (600 c.c.; 50 per cent. in excess of the 4 mob. 
theoretically required) was boiled under reflux for seventy-two 
hours, a glistening, red precipitate being gradually deposited. The 
red liquid was acidified by hydrochloric acid and the brown solution 
distilled in a current of steam. The pale yellow substance that 
solidified in the condenser melted without further purification at 70". 
The yield was 4-1 grams or 22 per cent. of theory. The hydrolysis 
may be advantageously effected by potassium hydroxide solution, 
the potassium salt of the chloronitrocresol being so soluble that 
risk of ‘‘ bumping ” is eliminated. 

When pure sodium chloronitrotoluenesulphonate was heated 
with sodium hydroxide solution, only a small amount of sodium 
chloride was produced, There was no appreciable quantity of 
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sodium nitrite formed even after boiling for seventy-two hours, 
for nitrous fumes were not produced on acidification. 
9.Chloro-5-nitro-p-cresol sublimes in long, thin, lemon-coloured 
needles melting at 71°. It is very volatile with steam, and has 
a faint odour, much more pronounced in the hot, which recalls the 
tarry smell of o-nitrophenol. It is very soluble in cold ether, 
alcohol, acetone, or benzene, moderately soluble in cold chloroform, 
ethyl acetate, glacial acetic acid, or light petroleum (b. p. 60—80°), 


:..@sightly soluble in hot water and sparingly soluble in cold water. 


It erystallises from all these solvents in long, yellow needles. The 
alkali salts are very intensely coloured. A colourless aqueous 
solution of the chloronitrocresol (1 : 100,000) becomes yellow on the 
addition of sodium hydroxide solution, and colourless again on 
acidification (Found: N=7-41; Ci=19-0. C,H,O;NCl requires 
N=7-46; Cl=18-9 per cent.). 

The benzoyl derivative, prepared in the usual way, is easily 
hydrolysed by sodium hydroxide, and crystallises from alcohol in 
colourless needles melting at 129° (Found: C=57-4; H=3-55. 
(4H,g0,NCl requires C=57-6; H=3-4 per cent.). 

The alkali salts of the chloronitrocresol are of interest on account 
of their great difference in solubility. 

The sodium salt, prepared by adding the finely powdered chloro- 
uitrocresol to a boiling, dilute solution of sodium hydroxide, and 
filtering when cold, is a red powder, amorphous when viewed under 
the microscope (Found: Na=10-8. C,;H,O,;NCINa requires Na= 
ll0 per cent.). It is very sparingly soluble in cold water, and 
slightly soluble in boiling water. The latter reagent slowly effects 
hydrolysis, chloronitrocresol volatilising in the steam. The sodium 
salt rapidly separates when a 5 per cent. solution of sodium sulphate 
is mixed with a cold, moderately concentrated solution of the 
potassium salt of the chloronitrocresol. 

The lithium salt is also very slightly soluble in water, and is 
obtained from the potassium salt as an orange-red, amorphous 
powder, 

The potassium salt, prepared by the action of potassium hydroxide 
wlution on the chloronitrocresol, is very soluble in boiling water 
and moderately soluble in cold water, from which it separates in 
magnificent, long, anhydrous, crimson needles. When heated at 
0, the crystals become almost black, but regain their original 
tlour on cooling (Found : in air-dried material, loss at 170°=0-9 
teent. In anhydrous material, K=17-1. C,;H;O,;NCIK requires 
K=17-3 per cent.). 

The ammonium salt is very soluble in hot dilute ammonia, from 
Which it slowly separates on cooling in long, orange-red needles, 

H H* 
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It is very easily hydrolysed, ammonia being lost by mere exposur 
to the air. 

The rubidium and cesium salts of the chloronitrocresol are not 
precipitated when aqueous solutions of any rubidium and casiuy 
salts are separately added to a solution of the potassium salt. 


Synthesis of 2-Chloro-5-niiro-p-cresol (VII, p. 855). 


2-Chloro-p-nitrotoluene (b. p. 260°/760 mm.; m. p. 63—66', 
prepared by the chlorination of p-nitrotoluene at 60—70° in the 
presence of a small amount of antimony trichloride, was reduced 
almost quantitatively with iron filings and hydrochloric acid to 
2-chloro-p-toluidine (m. p. 26°; b. p. 242—244°/760 mm. LIel. 
mann, Ber., 1884, 17, 535, gives 26° and 237—238-5° respectively), 
This toluidine was acetylated, and the properties of the chlor. 
acetotoluidide agreed with those described by Knuckell and Lillg 
(J. pr. Chem., 1912, [ii], 86, 715). They, however, incorrectly state 
that this chloroacetotoluidide is insoluble in water; it is slightly 
soluble in boiling water, from which it crystallises on cooling in 
needles about 3 cm. long. 

The preparation of 2-chloro-5-nitro-p-toluidine (VIII, p. 856) 
by Claus and Bocher’s method (loc. cit.) was attempted by gradually 
adding 2-chloroaceto-p-toluidide (10 grams) to well-cooled nitric 
acid (D=1-5; 40 ¢.c.) and after an interval of six hours pouring 
the dark red solution into water. The orange powder obtained was 
crystallised from alcohol, when 2-chloro-3 : 5-dinitroaceto-p-toluidid 
(LX, p. 855) separated in colourless leaflets, m. p. 238° (Found: 
N=15:3. C,H,O;N,Cl requires N=15-4 per cent.). It was hydro- 
lysed by stirring with cold sulphuric acid until a clear solution was 
formed, and after five minutes pouring the mixture into cold water, 
when a yellow precipitate was immediately produced, from which 
by crystallisation from alcohol 2-chloro-3 : 5-dinitro-p-toluidin 
(X, p. 855) was obtained in thin, golden-yellow needles melting at 
137° (Found: N=18-3. C;H,O,N,ClZrequires N=18-1 per cent). 
The alcoholic solution has an extremely pleasant, fruity smell. Both 
the amine and its acetyl derivative are only very slightly soluble in 
cold water. The amine dissolves with difficulty in cold concentrated 
hydrochloric acid, and is immediately precipitated on dilution. 

Since 2-chloro-5-nitroaceto-p-toluidide had not been produced 
by the preceding method, the nitration of o-chloroaceto-p-toluidide 
was carried out after the method of Blanksma (loc. cit.). A col 
paratively small excess of nitric acid was used, the time of reactio 
was not prolonged, the temperature was kept below 15° during the 
nitration, and the liquid was finally poured on crushed ice. In 
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this way the chloronitroacetotoluidide required was obtained in 
good yield in pale yellow needles melting at 112°. Hydrolysis and 
simultaneous crystallisation of the amine were conveniently carried 
out by mixing the chloronitroacetotoluidide, dissolved in as little 
boiling alcohol as possible, with a slight excess of boiling 40 per 
cent. sodium hydroxide solution, when hydrolysis instantly took 
place and the amine rapidly separated in leaflets, m. p. 165°. 

Conversion of 2-Chloro-5-nitro-p-toluidine into 2-Chloro-5-nitro-p- 
cresol.—A solution of the foregoing chloronitrotoluidine (5 grams) in 
amixture of concentrated sulphuric acid (15 c.c.) and water (5 c.c.) 
cooled to 10°, was diazotised with sodium nitrite (3 grams) in water 
(10 c.c.), the temperature throughout being kept below 20°. The 
filtered diazonium solution was slowly added to a boiling mixture 
(b. p. about 116°) of 20 grams of crystallised copper sulphate, 
45 grams of anhydrous sodium sulphate, 30 c.c. of concentrated 
sulphuric acid, and 100 c.c. of water. The phenol, being very 
volatile with steam, was driven over almost as fast as it was formed ; 
the last traces were removed with the aid of steam. The oil in the 
distillate, which refused to solidify, was made alkaline with sodium 
hydroxide, the red sodium salt produced (1-2 grams), having been 
washed with water, alcohol, and ether, was acidified, and the phenol 
distilled with steam. It melted at 50—60°, and crystallised from 
iohol, ether, benzene, or light petroleum in long, yellow needles, 
vhich did not, however, melt sharply, and even after sublimation 
the melting point was 57—63°. The substance was finally purified 
by conversion into the benzoyl derivative, which crystallised from 
alcohol in colourless needles, m. p. 129°. The benzoyl compound 
was hydrolysed by boiling for five minutes with a methyl-alcoholic 
wlution of sodium hydroxide, the red salt filtered, washed with 
water and alcohol, acidified, and the phenol extracted with ether. 
It crystallised in long, yellow needles, which melted at 70°, and 
iter sublimation at 71°. The 2-chloro-5-nitro-p-cresol obtained 
in this way was identified by the method of mixed melting-point 
with the chloronitrocresol obtained from the less fusible chloro- 
uittotoluenesulphonyl chloride, the constitutions VII (p. 855) and 
Il (p. 853) respectively of these two compounds being thereby 
tablished. 

It was afterwards found that the sodium salt of the chloronitro- 
tuenesulphonic acid could be made to yield a small quantity of 
‘chloro-5-nitro-p-toluidine as follows : 

The anhydrous, finely powdered sodium salt (2 grams) was 
‘ered with 10 c.c. of 10 per cent. aqueous ammonia (about four 
tues the theoretical amount) and heated in a sealed tube for thirty- 
% hours at 135—145°. A yellow solution was formed, which 

H H* 2 
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deposited some unchanged sodium salt in needles. The ammonia 
was driven off and a current of steam passed through the residue, 
when a small quantity of a yellow solid distilled. The yellow 
distillate was extracted with ether, the ethereal solution dried over 
solid sodium hydroxide, the ether removed, and the yellow residue 
dissolved in alcohol, from which 2-chloro-5-nitro-p-toluidine separated 
in orange leaflets melting at 165° (yield 0-03 gram). It was identified 
by a mixed melting-point determination with the chloronitro-p. 
toluidine (m. p. 165°) prepared above. 

A 5 per cent. yield was obtained by using, under the same con. 
ditions, alcoholic instead of aqueous ammonia. In neither case 
was ammonium (or sodium) chloride formed, and nitrite was shown 
to be absent by acidifying in the cold and pouring the solution 
into an alkaline solution of 8-naphthol, when no red coloration was 
produced. 


2-Chloro-6-niiro-p-toluencesulphonyl Chloride (ILI, p. 853). 


This compound is far more soluble in chloroform or light petrdl- 
eum than the isomeride already described, and it is extremely 
soluble in ether or benzene. The best crystallising medium is 
light petroleum (b. p. 40—60°), from which it separates in long, 
colourless needles melting at 70° (Found: N=5-1. C;H;0,NCIS 
requires N=5-2 per cent.). 

The amide crystallises from water in shining s@ales, and slowly 
from alcohol in needles. Both forms melt at 182° (Found : N=11'1. 
C,H,0,N,CIS requires N=11-2 per cent.). 

The sulphonic acid, prepared by hydrolysis of the sulphonyl 
chloride with concentrated hydrochloric acid in a sealed tube at 
165—185°, was obtained free from hydrochloric acid by adding 
water and evaporating almost to dryness on the water-bath, this 
process being repeated several times. In this way the acid was 
isolated in deliquescent plates very soluble in water. 

The sodium salt was obtained by heating the chloronitrosulphony! 
chloride (5 grams) with 5 per cent. sodium hydroxide solution 
(40 c.c.) on the water-bath until the oily sulphonyl chloride had 
disappeared. The solution was then neutralised by hydrochloric 
acid and concentrated, and the sodium salt which separated on 
cooling crystallised from water until free from sodium chloride. 

The sodium salt forms colourless, anhydrous, microscopic plates, 
which are not altered by heating at 180°. It is far more soluble m 
cold water than the sodium salt of the isomeride (p. 865), and 
almost insoluble in boiling 99 per cent. aleohol (Found : Na=88. 
C,H;,O;NCISNa requires Na=8-4 per cent.). 
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The potassium salt rapidly separates in colourless lamine when 
dilute solutions of the sodium salt and potassium sulphate are mixed. 

The barium salt is formed by adding barium chloride solution 
toa concentrated aqueous solution of the sodium salt. It separates 
from cold water in colourless leaflets containing three molecules of 
water of crystallisation. It is readily soluble in boiling alcohol, 
fom which it separates on cooling in glistening laminz (Found : 
H,0=8-1. (C,;H,O;NCIS),Ba,3H,O requires H,O=7:8 per cent. 
Found: in anhydrous salt, Ba=21-25. (C,;H,;O;NCIS),Ba requires 
Ba=21-5 per cent.). 

The constitution of the chloronitrotoluenesulphony] chloride was 
determined by the action of sodium hydroxide solution on the 
sodium salt of the acid. 

The sodium salt (2 grams) was boiled for eight hours with 10 per 
ent. sodium hydroxide solution (20 c.c.). The solution rapidly 
became brown and very slightly turbid. Excess of hydrochloric 
aid was added and a portion of the solution, still brown, distilled 
ina current of steam. There was no evolution of sulphur dioxide 
and no organic substance distilled. The other portion of the 
solution did not yield any organic substance to ether. 

Some of the acid solution was diluted until it was almost colour- 
less, cooled, and after the addition of sodium nitrite poured into an 
ikaline solution of 6-naphthol, when a deep red coloration was at 
mee formed and a small quantity of red powder slowly separated. 

Owing to the small amount of sodium chloronitrotoluenesul- 
phonate available it was not possible to obtain the chloroamino- 
sulphobenzoic acid in a pure state. It was found, however, that 
an amino-derivative was formed when the sodium chloronitro- 
toluenesulphonate was boiled for five minutes with 20 per cent. 
sodium hydroxide solution. 

This experiment shows that the formula (III) assigned to the 
nore fusible chloronitrotoluenesulphony] chloride is correct. 


The Action of Chlorine on 2-Chloro-p-toluenesulphonyl Chloride. 


2: 6-Dichloro-p-toluenesulphonyl Chloride (XII, p. 858).—A fused 
mixture of 2-chloro-p-toluenesulphonyl chloride (125 grams) and 
antimony chloride (5 grams) was chlorinated at 65—70° for two 
hours until the necessary increase in weight (19°2 grams) was 
attained. The chlorinated product partly crystallised after remain- 
ing overnight in a desiccator. The crystals were collected and 
after drying on a porous plate weighed 68 grams and melted at 
862°. The oily filtrate was purified from antimony chloride by 
pouring into water, extracting with benzene, and washing the 
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benzene solution with alkali and with water. After the extrac} 
had been dried with calcium chloride, the benzene was completely Cont 
removed and the residual oil (71 grams) distilled in a vacuum, 
The first fraction, b. p. 168—178°/28 mm. (10 grams), consisted H 
largely of unchanged chlorotoluenesulphonyl chloride. The second cod 
fraction (30 grams), b. p. 178—185°/28 mm., and the third fraction on, 
(23 grams), b. p. 185—195°/28 mm., were chiefly composed of from 
dichloro-p-toluenesulphonyl chlorides. The three fractions were coda 
kept at 0° for several hours, and the crystals produced from each oles 
fraction in order of ascending boiling point weighed, after drying weigl 
on porous plate at the ordinary temperature, 3, 10, and 18 grams Th 
respectively. The crystals melted at about 57—61° and were uel 
purified by crystallisation from light petroleum. The total yield 1132, 
of 2: 6-dichloro-p-toluenesulphonyl chloride melting at 66—68° per c 
was 95 grams or 66 per cent. of the theoretical yield. Th 
2 : 6-Dichloro-p-toluenesulphonyl chloride separates very slowly tolue 
from cold light petroleum (b. p. 80—100°) in plates melting at B jon 
66—68°. Several recrystallisations are required to produce the Th 
pure substance in large, flat plates melting at 69°. The chief im. BF nog 
purity, m. p. 218°, crystallises in fine, hair-like, colourless needles, only 
is only slightly soluble in cold organic solvents, and appears to be 4, de 
pentachlorotoluene. The sulphonyl chloride is extremely soluble in By, , 
cold benzene or ether, and moderately soluble in cold light petroleum sulph 
(Found: Cl=40°2. C,H;0,Cl,S requires Cl=41-0 per cent.). dichlc 
It is very slowly oxidised by fuming nitric acid in a sealed tube perm: 
at 230°. Cok 
The sulphonic acid, prepared from the barium salt in the usual by he 
way, crystallises in colourless, deliquescent plates and is very soluble 2 gre 
in water. acid ( 
The amide is slightly soluble in hot water, from which it separates B dyoeg 
in shining scales melting at 191° (Found: N=5°8. C,H,O,NCIS & cottecs 
requires N=5'8 per cent.). only | 
The sodium salt crystallises from water in clusters of fan-like, § a ijie 
divergent, colourless needles, slightly soluble in cold, readily solubl Bin nog 
in hot water. The crystals contain one molecule of water (Found: § jr... 
H,O=6'8; Na=8°2. C,H;0,Cl,SNa,H,O requires HO=6'4; Na= § yi, 
8°2 per cent.). 144°) 
The barium salt is formed from a solution of the sodium salt by 137] 
precipitation with barium chloride. It dissolves sparingly in cold 
water and is moderately soluble in hot water, from which it crystal- * He 
lises in thin, minute, silky needles containing three molecules of watet ane 
of crystallisation (Found : loss at 180°=8:2. Cy4H90,C1,S,Ba,3H,0 end . id 
requires H,O=8-05 per cent. Found: in anhydrous materia, ® ;. debte 
Ba=22°7. C,4H 4 0,Cl,8,Ba requires Ba=22°3 per cent.). benzoic 
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Conversion of the Dichlorotoluenesulphonic Acid into 2 : 6-Dichloro- 
toluene. 


Hydrolysis occurred very readily when a solution of the hydrated 
sodium salt (9 grams) in water (15 ¢c.c.) and sulphuric acid (50 c.c.) 
was distilled in superheated steam at 250°. The oil was extracted 
from the distillate with chloroform, the solution driea with solid 
sodium hydroxide, the chloroform removed, and the oil distilled, 
when it passed over almost completely at 197—199°/757 mm., and 
weighed 3°5 grams. 

The dinitro-derivative of the dichlorotoluene was prepared in the 
usual way and melted at 121° (Cohen and Dakin, T., 1901, 79, 
1132, give m. p. 121—122°) (Found: N=11°0. Cale., N=11:15 
per cent. ). 

The dichlorotoluene obtained by the hydrolysis of the dichloro-p- 
toluenesulphonic acid was finally converted into 2 : 6-dichloro- 
benzoic acid, a process which presented some difficulty. 

The dichlorotoluene was boiled for twelve hours with a slight 
excess of dilute aqueous potassium permanganate solution, whereby 
only a trace of the dichlorotoluene was attacked. It was impossible 
to detect any dichlorobenzoic acid, even when the aqueous solution 
was concentrated to a very small volume before decolorising by 
sulphur dioxide. It was similarly found impossible to prepare a 
dichlorobenzoic acid by oxidising the dichlorotoluene with potassium 
permanganate in acetone solution. 

Cohen and Dakin (loc. cit.) partly oxidised 2 : 6-dichlorotoluene 
by heating with nitric acid in a sealed tube. The dichlorotoluene 
(2 grams) under investigation was accordingly heated with nitric 
acid (15 c.c.; D=1-2) in a sealed tube for a week. The oil pro- 
duced partly solidified when cooled. The solid (0°5 gram) was 
collected, and treated with sodium carbonate solution, in which it 
only partly dissolved. The acid which was precipitated from the 
acidified filtrate crystallised from light petroleum (b. p. 80—100°) 
in needles melting at 136—138°. Repeated recrystallisation from 
different solvents failed to raise the melting point above 137—139°. 
Mixtures of these crystals with 2 : 6-dichlorobenzoic acid (m. p. 
144°) * and with 2: 5-dichlorobenzoic acid (m. p. 154°) melted at 
137—140° and below 120° respectively. 


* Holleman and Bornwater (Rec. trav. chim., 1912, 31, 221) show how the 
melting points assigned to 2: 6-dichlorobenzoic acid vary from 126°5° to 
143°7°. A pure product is formed by the oxidation of 2 : 6-dichlorobenz- 
aldehyde by potassium permanganate in acetone solution. I am greatly 
indebted to Mr. G. R. Clemo for pure specimens of 2: 6- and 2: 5-dichloro- 
benzoic acids. 
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The solid oxidation product that was insoluble in sodium cay. ff? 
bonate solution crystallised from alcohol in colourless needlg 
melting at 68°. It was shown not to be 2 : 6-dichlorobenzaldehyd 
(mixed melting point), and cannot be 2 : 6-dichloro-3-nitroben;. 
aldehyde, which consists of colourless plates melting at 76—77° 
(D.R.-P. 199943). There was not enough of the substance fo 
further examination. 

These experiments clearly show that the dichlorotoluene in ques. 
tion is 2 : 6-dichlorotoluene, and that the dichlorotoluenesulphony| 
chloride described has the formula XII. 


The Formation of 2 : 5-Dichloro-p-toluenesulphonyl Chloride in th 
Chlorination of 2-Chloro-p-toluenesulphonyl Chloride. 


The liquid portion of the fraction, b. p. 178—185°/28 mm. (p. 872), 
from which 2 : 6-dichloro-p-toluenesulphony] chloride was separated, 
was boiled with excess of sodium hydroxide solution, and after 
cooling the precipitated sodium salts were collected. Hydrolysis 
was effected by dissolving the mixed sodium salts (10 grams) in 
a mixture of sulphuric acid (35 c.c.) and water (10 c.c.), and passing 
superheated steam at 250°. An oil (4 grams) was produced, which 
after being extracted with chloroform and dried with sodium 
hydroxide boiled at 160—200°, mostly at 180—200°. One gram 
of the fraction boiling at 180—200° (which must be free from any 
o-chlorotoluene, b. p. 160°) was boiled for ten hours with 2 grams 
of potassium permanganate dissolved in 200 c.c. of water. The 
oil was not completely oxidised, although the solution was still 
red. The solution was concentrated to 30 c.c. and treated with 
sulphur dioxide, whereby 0°3 gram of an acid was precipitated, 
which on crystallising from light petroleum (b. p. 60—80°) formed 
colourless needles melting at 136—142°. Recrystallisation failed 
to raise the melting point. A mixture with 2 : 5-dichlorobenzoic 
acid (m. p. 154°) melted at 136—142°, mostly 142°. Hence the 
acid melting at 136—142° was somewhat impure 2: 5-dichloro- 
benzoic acid. It follows that a mixture of 2 : 6- and 2 : 5-dichloro- 
p-toluenesulphonyl! chlorides is produced when 2-chloro-p-toluene- 
sulphonyl chloride is chlorinated. 


Summary. 


(I) The nitration of 2-chloro-p-toluenesulphony! chloride in mixed 
nitric and sulphuric acids at 20—30° leads to the formation of 4 
mixture of isomeric mononitro-derivatives (more than 90 per cent. 
of the theoretical amount). The nitration product consists of 
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B.chloro-5-nitro-p-toluenesulphonyl chloride and 2-chloro-6-nitro-p- 
toluenesulphony! chloride almost exactly in the proportion of three 
to one. 

(II) The proportion of the two isomerides shows that the orienta- 
tin due to the chlorine atom is much greater under these conditions 
than the united directive effects of the methyl and sulphonyl 
chloride groups. The proportion of isomerides is not greatly 
altered by nitration at 65—70°. 

(III) The sulphonyl chloride group and not the nitro-group in 
i.chloro-5-nitro-p-toluenesulphonyl chloride is somewhat reactive, 
ad can be replaced by a hydroxy-group by boiling with dilute 
ikali hydroxide solution. 

(IV) Monochlorination of 2-chloro-p-toluenesulphonyl chloride 
at 65—70° results in a mixture of isomerides, 2 : 6-dichloro-p- 
tluenesulphonyl chloride being the chief product (upwards of 
66 per cent.). 2: 5-Dichloro-p-toluenesulphonyl chloride is also 
formed. 

(V) Hence the nature of the group entering the benzene nucleus 
in 2-chloro-p-toluenesulphony! chloride may be an important factor 
indeciding the position of the substituent. 


The author desires to express his thanks to Professor W. H. 
Perkin and to Dr. E. Hope for suggesting this research and for 
their advice. His thanks are also due to Mr. Fred Hall for assist- 
ace in the nitrogen, carbon, and hydrogen estimations, and to the 
Advisory Council for Scientific and Industrial Research for a grant 
vhich has partly defrayed the expenses of the first portion of this 
investigation. ‘The author also wishes to make acknowledgment 
to the Ramsay Memorial Fellowship Trust for a Fellowship which 
has enabled this portion of the research to be completed. 
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XCVII.—The Cumulative Effect of the Chlorine Aton 
and the Methyl and Sulphonyl Chloride Groups 
Substitution in the Benzene Nucleus. Part II. 


By Witiiam Davies. 


Ir has been shown in the previous communication, by the nitration 
of 6-chloro-p-toluenesulphonyl chloride, that the para-directing 
influence of the chlorine atom is greater than that of the sulphony| 
chloride group, together with the ortho-directing influence of the 
methyl group. In order to determine whether the combined pan. 
and meta-directing influences of the methyl and sulphony] chloride 
groups would similarly be overpowered, the nitration of 6-chloro-». 
toluenesulphonyl chloride was studied. 

6-Chloro-o-toluenesulphonyl chloride (I) was isolated in nearly 
40 per cent. yield from the product of chlorination of 0-toluene. 
sulphonyl chloride. Its constitution was shown by converting it 
into o-chlorobenzoic acid. The other isomeride formed—doubtles 
4-chloro-o-toluenesulphonyl chloride (II)—boils at the same ten. 
perature, and a complete method of separation has not yet been 
devised. 

6-Chloro-o-toluenesulphonyl chloride (m. p. 71—72°) was con- 
verted into the corresponding sulphonic acid and the characteristic 
sodium and barium salts. The amide (m. p. 180°) was transformed 
by gentle oxidation into “ 6-chlorosaccharin’”’ (m. p. 210—212'), 
which is more than half as sweet as “ saccharin,’’ but has a some- 
what astringent taste. 


Me 
\ i , 
SO,Cl 7 ( S02C l 


Cl 
(II.) 


The nitration of 6-chloro-o-toluenesulphonyl chloride at 20—30 
leads to the formation of a mixture of 6-chloro-3-nitro-o-toluene- 
sulphonyl chloride (III) and 6-chloro-4-nitro-o-toluenesulphony! 
chloride (IV) in the proportion of 40 and 60 per cent. respectively. 
The two substances can be partly separated by means of light 
petroleum, in which III is slightly less soluble than IV. A thorough 
separation is effected by means of the barium salts of the corte 
sponding acids, that derived from III being extremely soluble in 
alcohol. 
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Me Me Me 


a SoH ci’ so, C1 ci’ \so,Cl 

| | <_ | | | | 

\san \/50; \Z 
NO, 


(V.) (IIT.) (IV.) 


§-Chloro-3-nitro-o-toluenesulphonyl chloride (III) could not be 
enverted into a chloronitrotoluene by hydrolysis of the sulphonyl 
chloride group. It was, however, transformed into the sodium 
alt of a chloronitrocresol by boiling with sodium hydroxide solu- 
tin. The chloronitrocresol, which could not be benzoylated, had 
the properties of an o-nitrophenol and melted at 64°. It was shown 
to be identical with 6-chloro-3-nitro-o-cresol (V), a specimen of 
which was prepared from 6-chloro-o-nitrotoluene in the manner 
described by Noelting (Ber., 1904, 37, 1015). The 6-chloro-o- 
titrotoluene required was obtained in 24-7 per cent. yield by the 
chlorination of o-nitrotoluene at 55—60° in the presence of a small 
proportion of antimony trichloride (compare Jansen, D.R.-P. 
107505). 

The constitution of 6-chloro-4-nitro-o-toluenesulphonyl chloride 
(lV) was shown by its behaviour towards boiling sodium hydroxide 
lution. A dark red solution was rapidly formed and the coloration 
was not destroyed by acidification, but on the contrary the solution 
stained the skin dark yellow. For purposes of comparison, 4-nitro- 
o-toluenesulphonyl chloride (VI) was boiled with sodium hydroxide 
slution and similar colorations were produced. It is therefore 
very probable that the dyes formed by the action of alkali on the 
chloronitrotoluenesulphonyl chloride are of the same type as those 
formed by the same treatment of 4-nitro-o-toluenesulphony] chloride. 
The latter dyes, however, are stilbene derivatives (compare Cain 
and Thorpe, “‘ The Synthetic Dyestuffs,” p. 48), which are never 
formed by the action of alkalis on derivatives of m-nitrotoluene. 
Hence the chloronitrotoluenesulphonyl chloride under investigation 
cannot have the formula VII, and must therefore have that indicated 


Me Me 


cy” \go,Cl cr” s0,C1 
NO.\ Pa 


(VII.) 


This research shows that the chlorine atom in 6-chloro-o-toluene- 
sulphonyl chloride has a slightly smaller orientating effect than the 
other two groups acting together, as far as substitution by the 
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nitro-group is concerned. It is interesting to note that the chlorin 
atom in 2-chloro-6-nitrotoluene has, under somewhat similar cop. 
ditions (Morgan and Jones, this vol., p. 187), an almost overwhelm. 
ing directive influence. It follows that the sulphony] chloride group 
has a more powerful orientating effect than the nitro-group. 


EXPERIMENTAL. 


Purification of 0-Toluenesulphonyl Chloride. 


o-Toluenesulphonyl chloride, kindly supplied by Messrs. Boots, 
Ltd., was obtained almost completely pure by distillation in 4 
vacuum after the method of Ullmann and Lehner (Ber., 1905, 38, 
730). It was found advisable to distil under somewhat greater 
pressure than they used, the difference in boiling points of the 
ortho- and para-isomerides thus being increased, and the decom. 
position that ensued being quite negligible. In this way the fint 
fraction finally obtained gave an. amide melting at 155°, As 
o-toluenesulphonamide melts at 156°3° (McKie, T., 1918, 443, 801), 
the o-toluenesulphonyl chloride had evidently been obtained in an 
almost pure state. 

The ortho-isomeride boils at 151°/33 mm. and 154°/36 mm., and 
the para-isomeride at 164°/33 mm. and 167°/36 mm. 


6-Chloro-o-toluenesulphonyl Chloride. 


6-Chloro-o-toluenesulphonyl chloride was first made by chlorinat- 
ing o-toluenesulphony! chloride in the presence of antimony tr- 
chloride and working up the product as described in the preparation 
of 2-chloro-p-toluenesulphonyl chloride (this vol., p. 860). The 
mixture of monochloro-o-toluenesulphonyl chlorides produced boiled 
at 165—169°/33 mm., and about 41 per cent. of this liquid solidified 
on cooling. The solid portion consisted of the desired isomeride 
in an almost pure state. 

A considerable improvement in the method of preparation was 
effected by using only a small amount of the catalyst. Chlorination 
so rapid that the temperature (75—90°) was maintained without 
external heating could be brought about (with anhydrous materials) 
when the weight of the antimony trichloride was 1 per cent. of the 
weight of o-toluenesulphonyl chloride. With no catalyst present, 
however, a reaction did not take place at all readily. In this way, 
by allowing the pale yellow chlorinated product to remain in 4 
freezing mixture, the 6-chlorotoluenesulphonyl chloride separated 
out, and by filtering at the ordinary temperature (in order t 
prevent the separation of a eutectic mixture of the isomerides), 
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it was obtained in greater yield than by the tedious process indicated 
above. 

The chlorinated product (740 grams containing 40 grams of 
antimony trichloride) gave 270 grams of dry 6-chloro-o-toluene- 
sulphonyl chloride, the yield being 38°6 per cent. of the theoretical. 
The product was almost pure, and after one crystallisation from 
light petroleum (b. p. 80—100°) melted at 69—70°. It is note- 
worthy that the yield is materially decreased by using o-toluene- 
sulphonyl chloride not completely freed from p-toluenesulphonyl 
chloride. 

6-Chloro-o-toluenesulphonyl chloride crystallises in large, thick, 
white prisms closely resembling potassium iodide in appearance, 
and the smell recalls that of o-toluenesulphonyl chloride, but is 
comparatively faint. The substance is very soluble in cold benzene, 
much less so in cold light petroleum, and is obtained by recrystal- 
lisation from light petroleum (b. p. 60—80°) in plates softening at 
71° and melting at 72°. It is very slowly oxidised by fuming nitric 
aid in a sealed tube at 230° (Found: Cl=31°0. C,H,0,CLS 
requires Cl=31°55 per cent.). 

The constitution of this chlorotoluenesulphonyl chloride was 
shown by converting it into o-chlorobenzoic acid. The sulphonyl 
chloride (15 grams) was gently boiled under reflux with a mixture 
of sulphuric acid (40 ¢.c.) and water (10 c.c.), and when the oil 
had disappeared, steam at 150° was passed through the dark red 
solution until the distillate was no longer cloudy. The oil (5 grams) 
was extracted with chloroform, dried with calcium chloride, the 
chloroform removed, and the oil distilled. It boiled almost entirely 
at 150—160°. The oil (2 grams) was boiled for five hours with 
potassium permanganate (5 grams) dissolved in water (300 c.c.), 
aid the solution was concentrated and then treated with sulphur 
dioxide until it became colourless. Long, colourless needles slowly 
separated, which after drying on a porous plate melted at 140°. 
The melting point was unchanged by admixture of o-chlorobenzoic 
acid, m. p. 140°. 

6-Chloro-o-toluenesulphonic acid, prepared from the barium salt 
in the usual way, forms thin, lustrous, non-deliquescent lamine. It 
sreadily soluble in cold water, melts at 60—70°, and when anhydrous 
uelts at about 72° (Found: in anhydrous material, C=40°5; 
H=3°5. C,H,O,CIS requires C=40°7; H=3-4 per cent.). 

The amide crystallises in glistening scales from hot water, in 
Thich it is moderately soluble. It melts at 180° and tastes slightly 
litter (Found : N==6°7. C;H,O,NCIS requires N=6'8 per cent.). 
The sodium salt is formed by hydrolysing the sulphony] chloride 
with sodium hydroxide solution. It is slightly soluble in boiling 
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alcohol, readily soluble in hot, and slightly soluble in cold water, 
from which it separates in large, glistening laminz containing on 
molecule of water of crystallisation (Found : H,O=7°6; Na=94. 
C,H,0,CISNa,H,O requires HO=7°3; Na=9°3 per cent.). 

The barium salt is conveniently made by adding dilute bariuy 
chloride solution to a hot solution of the sodium salt, when the 
barium salt is rapidly precipitated. It is almost insoluble in boili 
alcohol, slightly soluble in boiling, and sparingly soluble in cold 
water, from which it crystallises in small, lustrous flakes containi 
one molecule of water of crystallisation (Found : loss at 180°=31.§* 
Ba=241. [C,H,0,CIS},Ba,H,O requires H,O=3'2; Ba=24:3 pe 
cent.). 

Cl 


eee an  Y—CO 
6-Chloro-o-benzoicsulphinide (*‘ 6-Chlorosaccharin hl l_so >i. 
Fe 


Difficulty was encountered in the preparation of this saccharin, 
When a dilute aqueous solution of 6-chloro-o-toluenesulphonamice§f . 
was boiled with the theoretical amount of potassium permanganate 
solution, oxidation was extremely vigorous, the pink colour rapidly 
disappearing. Much of the amide was recovered unchanged, andj. 
only a trace of sweet substance was produced. It was found that, 
passing a stream of carbon dioxide through the boiling oxidising 
solution resulted in a yield of the saccharin of about 1 per cent.§ 
After several experiments, the following procedure was found to be 
satisfactory. 

The sulphonamide (10°2 grams) and sodium hydroxide (4 grams) 
were dissolved in boiling water (1000 c.c.) and a slow stream of 
carbon dioxide was passed through the solution, the temperature 
being maintained at 96—97° throughout the experiment. Potass- 
ium permanganate (17°4 grams; 10 per cent. excess) dissolved in 
hot water (250 c.c.) was added very gradually to the sulphonamide 
solution, the pink colour being allowed to disappear before each 
fresh addition. After seven hours, when the whole of the perman- 
ganate solution had been decolorised, the liquid was concentrated 
to 400 c.c. and treated with sulphur dioxide until the manganest 
dioxide had gone into solution. A white precipitate which had 
formed was filtered off after remaining overnight, and dissolved in 
dilute sodium hydroxide solution (150 c.c.), phenolphthalein was 
added, and the solution titrated with dilute hydrochloric acid until 
the pink colour had disappeared. The chlorosulphonamide, being 
a weak acid like o-toluenesulphonamide (D.R.-P. 64624), was 
precipitated, while the “ chlorosaccharin ” remained in solution 
as the sodium salt. After remaining several hours at the ordinary 
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temperature the sulphonamide was filtered off, and dilute hydro- 

chloric acid added to the filtrate. The “ chlorosaccharin’”’ was 
B rapidly precipitated as a crystalline mass and was collected after 
remaining overnight, when 3°1 grams melting at 201—207° were 
obtained. 

The yield was increased by concentrating the mother-liquor, 
advantage being taken of the great solubility of the sulphonamide 
and the “‘ chlorosaccharin ”’ in cold acetone to separate them from 
inorganic matter. The amide was separated as before, and the 


‘1:8 ‘chlorosaccharin ”’ finally purified by crystallisation from aqueous 


acetone. The weight of the latter was 4°0 grams and of unchanged 
amide (m. p. 172—-179°) 4:2 grams. The yield of “ chlorosaccharin ” 
from the amide actually used was therefore 62 per cent. (Found 
N=665; C=38'8; H=2-07. C,H,O,NCIS requires N=6°4; 


VEL (=38'6; H=1-84 per cent.). 


6-Chloro-o-benzoicsulphinide is sparingly soluble in cold, slightly 


',, goluble in hot water, and extremely soluble in acetone, from which 


it erystallises in small, shining plates melting at 210—212°. It is 
apparently more than half as sweet as saccharin, but has a some- 
what astringent taste, except in very great dilution. An aqueous 
solution of the “ chlorosaccharin ’ (1 in 5000) was unanimously 
declared by six tasters to be sweeter than a solution of ‘‘ saccharin ”’ 
of half the concentration. Opinions differed as to the relative 
‘B sweetness of solutions of the same concentration. The sodium salt 
of the “‘ chlorosaccharin ” is also very sweet. 


Nitration of 6-Chloro-o-toluenesulphonyl Chloride. 


| To a cold mixture of sulphuric acid (150 ¢.c.) and nitric acid 

(3 c.c.; D=1°5), 6-chloro-o-toluenesulphonyl chloride (50 grams) 
was slowly added and the mixture stirred. After a few minutes 
thenitration began, for there was a rise in temperature, the sulphonyl 
[chloride melted, and the formerly colourless nitration mixture 
became yellow. The temperature was kept between 20° and 30° 
by cooling in ice-water, and a further 50 grams of the sulphonyl 
thloride added at such a rate that these limits were not exceeded. 
The nitration was complete in two hours, the product of the reaction 
poured into a litre of cold water, and the heavy oil separated and 
tired vigorously with water until free from acid. The oil, which 
on became very viscous, was converted into a pale yellow solid 
ty being left overnight in a cold place. It was found that the 
presence of a small amount of acid seriously hindered solidification. 
The solid nitration product was powdered and dried on a porous 
plate in a vacuum over phosphoric oxide. In this way 106 grams 
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of minute crystals melting at 23—33° were obtained (Found: 
N=5°29. C,H;0,NCI,S requires N=5'18 per cent.). 


Separation of the Isomerides. 


The separation of the isomerides proved to be a far more difficult 
matter than the separation of the isomerides formed by nitrating 
2-chloro-p-toluenesulphonyl chloride (this vol., p. 860). Cooling 
the light petroleum solution resulted in the separation of an oil, 
However, it was found that a very dilute solution in light petroleum 
(b. p. 60—80°), when left for six weeks, deposited large, thick prisms 
and also some needles, the latter being slightly less soluble than the 
prisms. By taking advantage of this fact, a few grams of each 
isomeride were obtained in a pure state. The method is, however, 
extremely laborious and unsatisfactory, owing to the fact that 
either isomeride tends to separate as an oil when even a small 
amount of the other isomeride is present in the solution. How. 
ever, the isolation of a few grams of each isomeride led to the 
development of the efficient method of separation described below. 


The Relative Proportion of the Isomerides in the Mixture. 


The percentage of nitrogen in the nitration product shows that 
either it consists of chloromononitrotoluenesulphony! chlorides, or 
unchanged chlorotoluenesulphony] chloride is present together with 
chloropolynitrotoluenesulphonyl chlorides. The second alternative 
is very improbable. With the object of determining the proportion 
of substances in the nitration product, attempts were made to 
obtain in the usual way the melting-point curve of the two pure 
isomerides. Unfortunately, solidification took place so sluggishly 
that neither the first- nor second-solidification points could be 
determined with satisfactory accuracy. 

However, the eutectic point was determined with some degree of 
accuracy by melting the two isomerides together, allowing the melt 
to become quite hard, and then noting the temperature at which 
the powdered mixture began to soften and adhere to the sides of 
the tube. It was found that artificial mixtures of the two isomerides 
softened between 24°5° and 25°5°, and that the nitration product 
softened at 23—24°. Hence the nitration product consisted almost 
entirely of the two isomerides which had been obtained in a pure 
state. 

The relative amount of these two isomerides was found by con- 
verting them into the easily separable barium salts of the corte- 
sponding sulphonic acids. ‘The method is based on the observation 
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(p. 884) that the barium salt derived from the isomeride that 
erystallises in needles is very soluble in water and in alcohol (hot 
and cold), whilst the barium salt from the other isomeride is 
almost insoluble in boiling alcohol, and only slightly soluble in hot 
water. . 

The dry nitrated product (31°50 grams) was gently boiled under 
reflux with a solution of barium hydroxide (30 grams) in water 
(450 c.c.) until the oil had disappeared. The solution was just 
acidified with hydrochloric acid, and then evaporated to dryness 
on the water-bath. The light brown mass was extracted three 
times with boiling 99 per cent. alcohol (100 c.c. each time). The 
first extract was light brown in colour and the third colourless ; 
the last gave only a faint cloudiness with dilute aqueous potassium 
sulphate solution, and with silver nitrate solution. The alcoholic 
extract was concentrated to 100 c.c. and allowed to remain over- 
night, the small quantity of barium chloride and chloronitrotoluene- 
sulphonate precipitated was added to the insoluble mass that had 
been extracted with alcohol, the alcoholic solution was completely 
evaporated, and the pale brown residue dried at 120° until the 
weight was constant (15-05 grams). 

The residue insoluble in boiling alcohol was boiled with 200 c.c. 
of water for some time, and filtered hot. The undissolved barium 
chloronitrotoluenesulphonate was set aside on a porous plate, the 
filtrate containing barium chloride and barium chloronitrotoluene- 
sulphonate treated with dilute sulphuric acid to remove the barium, 
and the filtered solution concentrated on the water-bath until the 
sulphonic acid began to separate. Water was then added, the 
solution again evaporated, and this process repeated until the 
smell of hydrogen chloride could no longer be detected. A small 
portion of the residue dissolved in dilute nitric acid failed to give a 
precipitate with silver nitrate solution. The residue, consisting of 
the sulphonic acid, was dissolved in water (150 c.c.), and the solution 
neutralised to phenolphthalein by barium hydroxide. The solution 
was then evaporated to dryness, the light brown residue mixed 
with the barium chloronitrotoluenesulphonate which had not 
dissolved with the barium chloride, and the mixture dried at 160° 
until the weight was constant (22°06 grams). 

The 31°50 grams of chloronitrotoluenesulphonyl chloride taken 
should produce 37°23 grams of barium chloronitrotoluenesulphonates, 
and 37°11 grams were actually obtained. Hence the percentage 
of the barium salt soluble in alcohol is 40°42, and of the barium salt 
insoluble in alcohol 59°27. . This result is deduced on the assumption 
that the third possible isomeride (the amount of which must be 
very minute—see p. 882) is entirely absent. 
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6-Chloro-3-nitro-o-toluenesulphonyl Chloride (ITT). 


This sulphonyl chloride crystallises in long, colourless needy 
melting at 60°. It is readily soluble in cold benzene, ether, » 
chloroform, and moderately soluble in cold light petroleum, in 
which it is slightly less soluble than the isomeride formed with it 
(Found: N=5°3. C,H;O0,NCI,S requires N=5-2 per cent.). 

The sulphonic acid, prepared by hydrolysing the sulphonyl 
chloride with hydrochloric acid in a sealed tube, crystallises jn 
very deliquescent, microscopic prisms and is extremely soluble in 
cold water. 

The sulphonamide is somewhat soluble in boiling water, but 
dissolves sparingly in cold water, from which it crystallises in minute 
needles melting at 181° (Found : N=11°3. C,H,O,N,CIS requires 
N=11°2 per cent.). 

The sodium salt, prepared by neutralising the sulphonic acid ot 
by hydrolysing the sulphonyl chloride with sodium hydroxide 
solution, is very soluble in hot or cold alcohol, and in water, and 
from the latter it separates in colourless needles apparently con- 
taining four molecules of water of crystallisation (Found : loss at 
110—130°=20°3; Na=6°6. C,;H,O;NCISNa,4H,0 requires H,0= 
20°83; Na=6°7 per cent. The crystals may be combined with 
34 molecules of water, for C;H;0;NCISNa,3}H,O requires H,0= 
18°7; Na=6°8 per cent.). It decomposes at about 140—150, 
long, colourless needles being formed in small quantity, which 
sublime from the black tar produced and melt and decompose at 
270—280°. 

The barium salt is formed either by neutralising the sulphonic 
acid with barium hydroxide or by hydrolysing the sulphony] chloride 
with barium hydroxide, neutralising with sulphuric acid, filtering, 
evaporating the filtrate to dryness, extracting the barium salt 
with hot alcohol, and finally concentrating the alcoholic solution. 
It crystallises in compact clusters of microscopic needles, which 
are very soluble in hot or cold water, and in alcohol. The latter 
solvent retains in solution nearly its own weight of the barium 
salt at the ordinary temperature. The salt crystallises from its 
concentrated aqueous solution in small needles containing seven 
molecules of water of crystallisation. The needles decompose 
at about 140° with the evolution of a vapour having a strong 
phenolic smell (Found: loss at 110—125°=167; Ba=17%. 
[C,H,O,NCIS],Ba,7H,O requires HO=16°5; Ba=17'9 per cent.) 

Determination of the Constitution Replacement of the sulphony! 
chloride group by hydrogen was attempted by heating the sulphonyl 
chloride (1 gram) with 7 c.c. of fuming hydrochloric acid at 140— 
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150° in a sealed tube for seventy-two hours, and it was found that 
a small quantity of oil was produced, which disappeared, however, 
with the formation of a clear solution after heating again for twenty- 
four hours. The oil was evidently unchanged sulphonyl chloride, 
and the solution contained only a very minute quantity of sulphuric 
acid. 

The conversion into 6-chloro-3-nitro-o-cresol (V) was effected 
by boiling the chloronitrotoluenesulphonyl chloride (2 grams) 
with 10 per cent. sodium hydroxide solution (50 c.c.) for ten 
hours. The sulphonyl chloride was hydrolysed, forming a pale 
yellow solution which soon assumed a deep red colour. Only a 
small quantity of a precipitate was formed and no “ bumping” 
took place. The solution was acidified with hydrochloric acid, 
whereby it became almost colourless, and was distilled in a current 
of steam, when the smell of sulphur dioxide was noticed. The 
yellow solid in the distillate was extracted with ether, the ethereal 
solution dried with sodium sulphate, and most of the ether removed. 
As the residual ether evaporated at the ordinary temperature 
yellow needles were produced melting at 64°. The yield was 0°47 
gram (34 per cent.). 

This chloronitrocresol gives a red salt with sodium hydroxide, 
is smewhat volatile with steam, and when heated has a smell 
recalling that of o-nitrophenol. It is noteworthy that it requires 
about three times as long to distil in a current of steam as the 
chloronitrocresol described previously (this vol., p. 868). It is very 
soluble in organic solvents, slightly soluble in cold water, and 
separates from all solvents in thin, yellow needles melting at 64°. 
Benzoylation by the Schotten-Baumann method could not be 
effected (Found : N=7°6. Calce., N=7°5 per cent.). 

6-Chloro-3-nitro-o-cresol has already been prepared by Noelting 
(loc. cit.), and its properties agree closely with those of the substance 
described above. In order to place the constitution of the foregoing 
thloronitrocresol beyond dispute, a specimen of that discovered by 
Noelting was prepared, and the two substances (m. p. 64°) were 
found to be identical by a mixed melting-point determination. 
Hence the formula assigned to the parent chloronitrotoluenesulphonyl 
chloride is justified. 


6-Chloro-4-nitro-o-toluenesulphonyl Chloride (IV). 


This compound is very readily soluble in cold benzene, ether, or 
chloroform, and is moderately soluble in cold light petroleum. It 
usually crystallises in large, thick prisms, but sometimes separates 
(especially from light petroleum of low b. p.) in very thin, colour- 
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less lamine. Both modifications melt at 63—64° (Found: N=5+2. 
C,H,0,NCLS requires N=5:2 per cent.). 

The sulphonic acid is obtained by hydrolysing the sulphony| 
chloride with water in a sealed tube. It crystallises from coli 
water, in which it is moderately soluble, as a mass of colourless, 
flattened needles. It is only slightly hygroscopic, a portion left 
on a porous plate not completely disappearing in the course of a 
week. 

The amide crystallises in minute needles melting at 161°, and is 
slightly soluble in water and moderately soluble in alcohol. When 
boiled for a few minutes with ammonia the solution becomes red 
(Found: N=11:2. C,H,O,N,CIS requires N=11°2 per cent.). 

The sodium salt is formed by neutralising the sulphonic acid with 
sodium hydroxide solution, and when prepared in this way crystallises 
in colourless plates. When prepared by the hydrolysis of the 
sulphonyl chloride by sodium hydroxide solution, the salt is obtained 
quite colourless only with difficulty. It is slightly soluble in boiling 
alcohol, from which it separates on cooling in flattened needles, 
and is moderately soluble in water, separating therefrom in plates 
containing one molecule of water of crystallisation (Found : H,0= 
6°55; Na=8'l. C,H;O;NCISNa,H,O requires H,O=6:2; Na=8?2 
per cent.). 

The barium salt formed by neutralising the sulphonic acid with 
barium hydroxide, is almost insoluble in alcohol. It is somewhat 
soluble in boiling water, from which it separates on cooling in 
colourless needles containing one molecule of water of crystallisation 
(Found: H,O=3:°0; Ba=20°7. [C,H,O;NCIS],Ba,H,O requires 
H,O=2°75; Ba=20°9 per cent.). 

Determination of the Constitution—The chloronitrotoluene- 
sulphony] chloride (2°7 grams) was boiled with 20 per cent. sodium 
hydroxide solution (25 c.c.) for three hours. The colour quickly 
became very dark red and a brown powder was precipitated. The 
solution was cooled and acidified with hydrochloric acid, when 4 
gas was evolved, but the liquid still remained deeply coloured. 
Part of the solution was distilled in a current of steam, an operation 
which was accompanied by much frothing, but no organic substance 
distilled. The other portion of the solution was extracted with 
ether, which, however, was found to have dissolved no organic 
substance. , 

It was noticed that the solution after acidification stained skin 
a dark yellow, and that the colour was fairly fast to light and soap. 
For purposes of comparison, 4-nitro-o-toluenesulphony! chloride was 
heated with sodium hydroxide solution under analogous conditions, 
and a coloration was produced similar to that described above. 
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There can therefore be little doubt that the nitro-group in the 
chloronitrotoluenesulphonyl chloride is in the para-position with 
respect to the methyl group. 


Summary. 


(I) The monochlorination of o-toluenesulphonyl chloride in the 
presence of antimony trichloride leads to the formation of a mixture 
of isomerides, from which 6-chloro-o-toluenesulphonyl chloride 
crystallises in a yield of 38°6 per cent. 

(II) The nitration at 20—30° of 6-chloro-o-toluenesulphonyl 
chloride in mixed nitric and sulphuric acids results in the production 
of 6-chloro-4-nitro-o-toluenesulphonyl] chloride (about 60 per cent.) 
and 6-chloro-3-nitro-o-toluenesulphonyl chloride (about 40 per 
cent.). 

a The sulphony! chloride group and not the nitro-group in 
§-chloro-3-nitro-o-toluenesulphonyl chloride is replaceable by the 
hydroxyl group by boiling with sodium hydroxide solution. This 
fact may afford an interesting confirmation of the steric hindrance 
(jue to the methyl group) postulated in the theory of Kenner 
(I., 1920, 117, 852). 


The thanks of the author are due to Professor W. H. Perkin and 
to Dr. E. Hope for their advice. He also wishes to make acknow- 
ledgment to the Ramsay Memorial Fellowship Trust for a Fellow- 
ship which has enabled this portion of the research to be completed. 


Tue Dyson PerrRINS LABORATORY, 
Tre UNIVERSITY, OXFORD. [Received, March 30th, 1921.] 


XCVIII.—Mitragynine and Mitraversine, Two New 
Alkaloids from Species of Mitragyne. 


By ELuLen FIELp. 


Taz natural order of Rubiacee is rich in alkaloids, and comprises 
imongst others the genera Cinchona, Remijia (yielding Cuprea 
bark), Psychotrea (Ipecacuanha), and Corynanthe (yielding yohim- 
bine). The present investigation deals with some species of the 
aus Mitragyne of the same order. 

A quantity of an alcoholic extract of the leaves of M. speciosa, 
Korth., was supplied by Professor G. Barger, for which he was 
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indebted to Dr. P. P. Laidlaw and the National Medical Research 
Council. The leaves were obtained from the Malay States and 
were identified at Kew through the kindness of the Director of 
the Royal Gardens. This tree has also been recorded from Borneo, 
the Philippine Islands, and New Guinea. The leaves have now 
been found to contain an alkaloid, C,,.H,,0;N, for which the name 
mitragynine is suggested. 

Alkaloids have been stated to be present in two other species 
of Mitragyne. The bark of M. africana, Korth. (Ecorce de Xosse) 
is used in Senegal as a febrifuge, and is believed to contain an 
alkaloid (Wehmer, “ Die Pflanzenstoffe,’ 1911, p. 728, according 
to Dragendorff, ‘‘ Die Heilpflanzen,’ 1898). Hooper (Pharm. J,, 
1907, 78, 453) isolated a crystalline alkaloid from the leaves of 
M. parvifolia, Korth., in a yield of 0-15 per cent. I was unable 
to obtain any alkaloid from a small specimen of the leaves of 
M. parvifolia at my disposal, but found, on the other hand, a 
crystalline alkaloid in the leaves of M. diversifolia, Hook. f., kindly 
sent to Professor Barger by Mr. E. D. Merrill, formerly botanist in 
the Bureau of Science, Manila. For this alkaloid the name mitra. 
versine is suggested. 

According to Redley (quoted by Hooper, loc. cit.) Mitragyn 
speciosa is used in Perak against the opium habit, whilst, according 
to Dr. P. P. Laidlaw, mitragynine is a local anesthetic, which 
finding is of interest, since the alkaloid contains an ester grouping. 
Its formula may apparently be resolved to C,,H,.N(OQMe)(CO,Me),, 
and it is probably an indole derivative. 


EXPERIMENTAL. 


Mitragynine, Cy.H,,0;N, from M. speciosa. 


Preliminary experiments had shown that the salts of the alkaloid 
with strong mineral acids were apt to form gels and to be precipi- 
tated from aqueous solution by excess of the acid. Therefore the 
residue left by evaporating the alcoholic extract of the leaves was 
dissolved in glacial acetic acid, and by addition of water a large 
quantity of resin and chlorophyll was precipitated. In some 
experiments, the filtrate was purified by means of lead acetate. 
On making the solution alkaline with ammonia, an amorphous 
precipitate separated. Ten grams of this (from 2 kilos. of leaves) 
were dissolved in 75 c.c. of 20 per cent. acetic acid and a hot solu- 
tion of 6 grams of picric acid in 300 c.c. of water added. The yield 
of crude picrate was 15 grams. It was crystallised from 100 c-. 
of boiling glacial acetic acid, yielding 6 grams of crystals. The 
yield of the pure picrate is thus 0-3 per cent. of the weight of the 
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aves, corresponding with 0-2 per cent. of pure base; the content 
is doubtless higher, and other alkaloids appear to be present, as 
the amount of viscid base obtained in several experiments was 
0:5 per cent. 

Mitragynine picrate, Cy,H3,0;N,CgH,0,Nz, is the only salt suit- 
able for the initial purification of the alkaloid. It forms orange-red, 
sender needles from methyl alcohol, and melts at 223—224° 
(Found: C=54-2, 543; H=5-5, 5-6; N=9-4; picric acid [by 
nitronJ=35°3. C2.H3;,0;N,CgH,0,N, requires C=54:3; H=5-5; 
N=9-1; picric acid=37-2 per cent.). The free alkaloid was ob- 
tained by dissolving the picrate in boiling glacial acetic acid and 
pouring the solution into dilute ammonia and filtering while still 
hot so as to avoid separation of ammonium picrate. The washed 
precipitate was suspended in dilute ammonia and shaken with 
ether. It was an amorphous, colourless solid, and could not be 
obtained crystalline. The ethereal solution had a green fluorescence. 

Mitragynine distils unchanged at 230—240°/5 mm., the distillate 
forming white, amorphous crusts, m. p. 102—106°, yielding a 
picrate identical with that described above. Various salts were 
prepared by dissolving the alkaloid in ether and adding an ethereal 
solution of an acid. The salts with mineral acids have a great 
tendency to gelatinise; the hydrochloride was crystallised by 
careful addition of dry ether to its solution in 95 per cent. alcohol; 
it formed rhomb-shaped leaflets, m. p. 243°. The oxalate and tar- 
trate were likewise unsatisfactory, but the acetate, mono-, and 
trichloro-acetates were obtained pure more easily. 

The acetate was prepared by dissolving the base (recovered from 
the picrate) in ether and adding glacial acetic acid until a permanent 
precipitate was just formed. In a few hours the acetate separated 
(7 grams from 6 grams of pure picrate). Recrystallised from 
glacial acetic acid and ether, it formed slender, silky needles, m. p. 
142°, 

The trichloroacetate is, after the picrate, the salt most easily 
obtained pure of those investigated. It forms needles from acetone 
and ether, m. p. 157° (Found: Cl=19°35. C,.H3,0;N,CCI,-CO,H 
requires Cl—=19-25 per cent.). 

Mitragynine contains three methoxy-groups, but no N-methyl 
group (Found, for base regenerated from pure picrate : MeOQ—21-8; 
MeO requires 23-9 per cent.; found, for acetate: MeO=17-8, 18-8; 
MeO requires 20-7 per cent. No more silver iodide was obtained 
at 340° by Herzig and Meyer’s method). The product of the 
ation of hydriodic acid and of hydrobromic acid was insoluble in 
host organic solvents, including pyridine and nitrobenzene, and 
decomposed at 380°. 
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Action of Alkali on Mitragynine Acetate. 


One gram of the acetate was boiled under reflux on the water. 
bath with 20 c.c. of alcoholic 2N-sodium ethoxide. The substance 
gradually dissolved. After three hours, the solution was cooled 
and neutralised with the calculated quantity of alcoholic hydrogen 
chloride. The sodium chloride which separated was filtered off 
and the filtrate and alcoholic washings were concentrated to small 
bulk. The residue consisted of an amphoteric substance insoluble 
in ether, soluble in ammonia and in acid, and of a substance which 
dissolved in ether. The latter furnished a cream-coloured sub. 
limate at 250°/2 mm., which gave an intense violet coloration 
when boiled with vanillin and hydrochloric acid, indicating the 
presence of an indole derivative. The amphoteric substance was 
washed free from alcohol by ether and dried in a vacuum. This 
substance contained one methoxy-group, so that two such groups 
had been eliminated by the alkaline hydrolysis (Found : MeO=83. 
C,9H,,0,N[OMe] requires MeO=8-6 per cent.). The product 
formed by hydrolysis with sodium ethoxide is therefore a dicarb- 
oxylic acid of the formula C,,H,,N(OMe)(CO,H), (assuming that 
the alkyl groups eliminated are methyl groups). The substance 
was amorphous, readily soluble in alcohol, but not in ether, and 
melted at 280°. It yielded no crystalline derivatives; in par- 
ticular, the picrate, soluble in hot water, separated in a gelatinous 
condition on cooling. With a view to eliminate the carboxyl 
groups, 0-5 gram of the product of hydrolysis with sodium ethoxide 
was mixed with 2 grams of calcium oxide and heated in a metal- 
bath at 2 mm. pressure. About 0-2 gram of a glassy distillate 
was obtained, which dissolved in ether to a yellow solution, leaving 
on evaporation a viscous, green oil, no longer entirely soluble in 
ether. This base gave an amorphous hydrochloride and a red 
picrate, which was obtained crystalline from methy] alcohol in small 
quantity and melted fairly sharply at 218°. In subsequent experi- 
ments the yield of the red picrate could not be improved, and some- 
times none was obtained. There is reason to believe that mitra- 
gynine is an indole derivative, or at least undergoes decomposition 
with the formation of such a substance. Apart from the coloration 
of the decomposition product referred to above, with vanillin and 
hydrochloric acid, and the formation of a red picrate, this is sug- 
gested by the fact that the acid resulting by hydrolysis of mitra- 
gynine gives the pinewood reaction on heating with soda-lime, and 
particularly on heating with zinc dust. Mitragynine itself, on boil- 
ing with vanillin and hydrochloric acid, gives a purple colour, and 
when concentrated sulphuric acid is poured under a solution of 
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mitragynine containing glyoxylic acid, the sulphuric acid is coloured 
blue, reminiscent of the Adamkiewicz reaction for tryptophan. 


Mitraversine, Cy2.H,,0,N,(?), from M. diversifolia. 


One kilo. of leaves was percolated with 20 litres of 92 per cent. 
alcohol; after evaporation of the alcohol, the residue was dissolved 
in the minimum quantity of glacial acetic acid, and the solution 
poured into water. After filtration, the filtrate was made alkaline 
with ammonia, and extracted with ether. The ether (4 litres) was 
extracted twenty times with 10 per cent. acetic acid, the extracts, 
when made alkaline, giving a flocculent precipitate, which crystal- 
lised from methyl alcohol in a total yield of 0-27 per cent. of the 
weight of the leaves employed. 

Mitraversine melts at 237°, is slightly soluble in boiling water 
and readily soluble in dilute sodium hydroxide solution and in 
dilute acids (Found: C=68-4; H=70; N=7-6. C,.H,,0,N. 
requires C=69-1; H=6-8; N=7-3 per cent.). The molecular 
weight was determined by Barger’s microscopic method (0-1526 in 
5ec. of pyridine=0-0093 molar; M=328. C,,H,,0,N, requires 
M=382). Mitraversine contains two methoxy-groups (Found : 
MeO=14-6. Cy 9H 9O.N,[OMe], requires MeO=16-2 per cent.). The 
hydrochloride forms rhomb-shaped leaflets melting at 208—210° 
(Found: Cl=7-7. Cy 9H,,0,N,,HCl requires Cl=8-5 per cent.). 
Owing to the small amount of material available, the formula 
could not be settled definitely. 


The author wishes to express her indebtedness to the Depart- 
ment of Scientific and Industrial Research for a grant which enabled 
her to carry out this research, and also to thank Professor G. Barger 
for advice during the course of the work, and Dr. A. J. Ewins for 
some analytical results. 


DEPARTMENT OF MEDICAL CHEMISTRY, 
UNIVERSITY oF EDINBURGH, [Received, May 12th, 1921.] 


XCIX.—A New Degradation Product of Physostigmine. 


By Epaar SrepMaAn. 


ly the course of an investigation of the constitution of physostig- 

nine, an attempt was made to prepare the methyl ether of eserol- 

ie methiodide by the action of methyl iodide and sodium ethoxide 
VOL, CXIX. Il 
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on eseroline methiodide, C,,H,,ON,I. In place of the expecta 
ether, a compound of the composition C,)>H,;ON,I was obtained: 
the molecule has therefore suffered an at present inexplicable nett 
loss of C,H,. (If one methyl group were added, C;H, has bem 
eliminated from the original molecule.) Straus (Annalen, 19]} 
401, 358) has suggested the following provisional constitution fr 
eseroline : 


H CH 
7’ _o/\cu, 


Cures 2 
\ 4 
art Ye 


but it is difficult to conceive how such a compound could lose four 
or five carbon atoms and still retain two nitrogen atoms. The 
carbon atoms cannot come from the benzene ring, for the nev 
iodide, C,9H,,ON,I, still gives an indole derivative on distillation; 
and if the piperidine ring were broken down, its nitrogen would 
be eliminated. It is not inconceivable that eseroline (and physo- 
stigmine) do not contain a preformed pyrrole ring at all, but. possibly 
a heterocyclic ring with two nitrogen atoms, which survives the 
gentle treatment with alcoholic sodium ethoxide and methy] iodide, 
but is broken down on heating eseroline methiodide at a much 
higher temperature (the second way in which Straus obtained 
physostigmol, an indole derivative). Max and Michel Polonovski 
(Bull. Soc. chim., 1918, [iv], 23, 336) are convinced that eserolinium 
hydroxide (Straus’s first method) does not undergo simple fission 
into dimethylamine and physostigmol, but that it is formed by 
complete disintegration of the molecule. 

It is thought that the methiodide now obtained will be a suitable 
starting-point for further investigation of the constitution of the 
alkaloid. Experiments are also in progress to elucidate the mechan- 
ism of its formation. 


EXPERIMENTAL. 


Preparation of the Compound C, 9H,,ON,I.—The following is an 
example of several similar experiments: Thirteen c.c. of a solution 
of 0-5 gram of sodium in 50 c.c. of ethyl alcohol were placed ina 
flask fitted with a reflux condenser and the air was displaced from 
the apparatus by means of a current of hydrogen. One gram of 
eseroline methiodide, prepared by Straus’s modification of Salways 
method (Annalen, 1913, 401, 350), was then added. When solution 
had taken place, excess of methyl iodide was added through the 
condenser and the flask heated on the water-bath for one and 4 
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half hours, a slow stream of hydrogen being passed through the 
apparatus continuously. During this period a crystalline solid 
separated. The solution was now cooled in ice, causing a further 
separation of crystals, and filtered (yield 0-3 gram). When re- 
crystallised from methyl alcohol, the substance formed plates which 
commenced to darken at about 210° and melted at 235° with de- 
composition and evolution of a gas (Found: C=39-08; H=5'51; 
N=9-02 *; I=41-74, 42-19. Cy, 9H,,ON,I requires C=38-96; 
H=5:52; N=9-09; I=—41-23 per cent.). 

Estimation of Methoxy- and N-Methyl Groups—A methoxyl 
estimation by Zeisel’s method on 0-1111 gram of substance gave 
a negative result, but when the temperature was raised for the 
estimation of N-methyl groups by Herzig and Meyer’s method a 
separation of silver iodide began at 160°, and on a second dis- 
tillation a further separation occurred at 250°. A third distil- 
lation, during which the temperature was finally raised to 300°, 
produced no result (Found: Me=14-04. 3Me in C,)H,,ON,I 
requires Me=14-61 per cent.). 

As methyl iodide began to be given off at as low a temperature 
as 160°, it is as yet not quite certain whether all three methyl 
groups are attached to nitrogen or whether one methoxy-group is 
present. 

Attempted Degradation of the Compound.—The iodine was readily 
rmoved by treating an aqueous solution of 0-3 gram of the 
compound with moist silver oxide. After filtration, the solution 
was evaporated under diminished pressure, leaving the quaternary 
hydroxide as a brown syrup. ‘This was distilled under diminished 
pressure. Decomposition commenced at about 160°/12 mm., a 
volatile amine being evolved, and at 220°/12 mm. an almost colour- 
ss syrup was collected. On admission of air into the apparatus, 
however, this appeared to polymerise partly. The remainder was 
lissolved in ether, but decomposed on evaporation on the water- 
ath, and was evidently very unstable. So far, the volatile amine 
has not been collected in sufficient quantity to identify it. 

The substance C, 9H,,ON,I itself does not give any indole re- 
ations, but when it is heated above its melting point under atmo- 
spheric pressure gases and an oily distillate are formed, giving an 
idole reaction with p-dimethylaminobenzaldehyde. The vapours 
lrmed give the pinewood reaction. 


i conclusion, the author desires to express his thanks to Prof. 
6. Barger, F.R.S., for his advice and assistance during the course 


* Micro-Dumas according to Dubsky. 12°334 mg. gave 0°980 c.c. N at 
(6° and 767 mm, 
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of these experiments. The physostigmine was purchased out of 
grant from the Earl of Moray Research Fund of this University, fo 
which grateful acknowledgment is made. 


DEPARTMENT OF MEDICAL CHEMISTRY, 
UNIVERSITY OF EDINBURGH. [Received, May 12th, 1921,] 


C.—Dinitrotolylhydrazines. 


By Oscar Liste Brapy and JoHN HERBERT Bowman. 


Giva (Gazetta, 1919, 49, ii, 166) has described the action of hydrazine 
hydrate on 3:4:6- and 2:3: 4-trinitrotoluenes. In the forme 
case, he obtained 4 : 6-dinitro-m-tolylhydrazine, but in the latter 
he did not isolate the hydrazine, but a compound richer in nitrogen, 
melting and decomposing at 150°, which he suggests may be 
nitronitrosotolylhydrazine or a nitrohydroxymethylbenzotriazole, 


yon. 


+ 


NO,CsHMe<yon 


This reaction had been observed by one of us before the publication 
of Giua’s work, but had not been fully investigated. As the results 
obtained at that time were at variance with those of Giua with 
respect to the action of hydrazine hydrate on 2: 3: 4-trinitro- 
toluene, the reaction has been studied further and extended to the 
other trinitrotoluenes containing a mobile nitro-group. 

It has been found that by the action of hydrazine hydrate on 
2:3:4-, 2:3:5-, and 3:4: 5-trinitrotoluenes the corresponding 
dinitrotolylhydrazines are formed, as in the case of 3 : 4 : 6-trinitro 
toluene. The compounds have been oriented by oxidation of the 
hydrazino-group to hydrogen by means of cupric acetate and 
identification of the dinitrotoluene produced. In every case it was 
found that the nitro-group replaced by the hydrazine residue wa 
the same as that displaced by ammonia and other amines. 

The dinitrotolylhydrazines are readily crystallisable substances 
which undergo the usual reactions of arylhydrazines. Oxidation 
with cupric chloride and with iodine replaces the hydrazino-grolp 
by chlorine and iodine respectively. They form hydrazones with 
aldehydes and ketones, which, on account of their high, shat 
melting points, their sparing solubility, and the ease with whit! 
they may be prepared and crystallised, are very convenient for tht 
identification of these substances. 

With 2:3: 6-trinitrotoluene, the reaction did not proceed it 


t ofa 
ty, for 
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the normal manner (compare Drew, T., 1920, 117, 1616) and an 
oily product was obtained, which has not been further investigated 
owing to lack of material. This result, however, is in accord with 
the work of other investigators who experienced a similar difficulty 
in replacing the nitro-group with ammonia (K6rner and Contardi, 
Ati R. Accad. Lincei, 1916, [v], 25, ii, 339). 

Some explanation is necessary of the discrepancy between our 
results and those of Giua in the case of 2 : 3 : 4-trinitrotoluene. In 
the preparation of 4: 6-dinitro-m-tolylhydrazine from 3:4: 6- 
trinitrotoluene, Giua used 2 grams of 50 per cent. hydrazine hydrate 
for 2°27 grams of the trinitrotoluene, but in the case of the 2 : 3 : 4- 
compound, only 1°5 grams of the hydrate, that is, one and a half 
nolecular proportions. As the reaction that takes place is 


(,H,Me(NO,),-+2NH,*NH,,H,O 
—> C,H,Me(NO,),*NH-NH,-+HN,+4H,0, 


this amount is insufficient. Using Giua’s quantities, a substance 
melting at 154° was obtained, and it was found that this was a 
nixture of the dinitrotolylhydrazine and the hydrazine salt of nitro- 
hydroxymethylbenzotriazole. Owing to the sparing solubility of 
this hydrazine salt in cold alcohol, it cannot easily be removed 
by crystallisation of the mixture from this solvent, the method of 


purification employed by Giua, but it can readily be got rid of by 
washing with cold water. 

Giua’s substance cannot be the benzotriazole compound, as this 
has now been prepared by the action of excess of hydrazine hydrate 
ow of alcoholic sodium hydroxide on the dinitrotolylhydrazine and 
found to be quite different from the compound described by him. 
The orientation of the benzotriazole derivative has not yet been 


@ tablished; the compound may be either 4-nitro-1-hydroxy-5- 


nethyl-1 :2:3-benzotriazole (I) or 4-nitro-1-hydroxy-7-methy]l- 
|:2:3-benzotriazole (II). 

A fuller description of compounds of this class will be made the 
ubject of a further communication. 

Another possibility was that the azoimide formed in the reaction 


™ ud reacted with the excess of trinitrotoluene to give the triazo- 


‘mpound, CsH,Me(NO,)."Nz. This compound has also been pre- 
jared and found to melt at 89°. 
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A dinitrotolylhydrazine is mentioned by Borsche and Fiedle 
(Ber., 1913, 46, 2129), but they give no description or analysis, 
Their compound was obtained by the action of hydrazine hydratp 
on a compound supposed by these authors to be 3-chloro-2:4 
dinitrotoluene melting at 73°. This compound was obtained as q 
by-product in the nitration of m-chlorotoluene and its structuy 
assigned by analogy, on account of its similarity to 1-chloro-2:. 
dinitrobenzene. We have, however, prepared 3-chloro-2 : 4-dinitro. 
toluene by the action of cupric chloride on 2 : 4-dinitro-m-tolyl. 
hydrazine and found it to melt at 93°. It seems probable that 
Borsche and Fiedler’s compound was 3-chloro-2 : 6-dinitrotoluene, 
which Kérner and Contardi prepared (loc. cit.) and found to melt 
at 75°. The formation of this compound in small quantities in 
the nitration of m-chlorotoluene rather than the 2: 4-dinitn. 
derivative might be expected from the course of the nitration of 
aceto-m-toluidide. Here the main product of nitration is the 
4 : 6-dinitro-derivative, a small quantity of the 2 : 6-, but no 2:4 
dinitro-compound being formed (Cook and Brady, T., 1920, 117, 
750). Similarly, the lack of reactivity of the chlorine atom noticed 
by Borsche and Fiedler is in accordance with the observations oi 
Kérner and Contardi and others on the abnormal behaviour o 
2:3: 6-trinitrotoluene. It appears, therefore, that Borsche and 
Fiedler’s dinitrotolylhydrazine and the benzotriazole they prepared 
from it (decomposing at 110—170°), which Giua in a later paper 
(Gazzetta, 1920, 50, ii, 327) suggests might be identical with his 
compound melting at 150°, have been incorrectly oriented and are 
2:3: 6-trisubstituted derivatives. 


EXPERIMENTAL, 
2 : 4-Dinitro-m-tolylhydrazine. 


Eleven grams of 2 : 3 : 4-trinitrotoluene were dissolved in 150 c.. 
of boiling alcohol and 10 c.c. of hydrazine hydrate (50 per cent.) 
diluted with 20 c.c. of alcohol added. The mixture, which acquired 
a deep red tint, was cooled at once in a stream of water, when the 
hydrazine separated in red crystals. If the mixture is boiled, the 
excess of hydrazine will react with the dinitrotolylhydrazine \ 
give the benzotriazole, with consequent loss of yield; under the 
above conditions, however, an 80 to 90 per cent. yield of an almost 
pure product is obtained. 2 : 4-Dinitro-m-tolylhydrazine crystallises 
from boiling alcohol or benzene in long, red, prismatic needles 
melting at 170° (Found: N=26°8. C,H,O,N, requires N=264 
per cent.). The hydrazine is soluble in warm 10 per cent. hydro: 


reoxidis 
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chloric acid, but the hydrochloride is readily hydrolysed and dilution 
of the acid solution causes precipitation of the base. 

Acetyl-2 : 4-dinitro-m-tolylhydrazine—The above hydrazine was 
jissolved in four to five times its weight of warm acetic anhydride. 
Qn cooling, the acetyl derivative separated. It crystallised from 
icohol in long, brilliant yellow, rhombic needles melting and 
decomposing at 193° (Found: N=22°3. C,H,,O;N, requires 
N=22'0 per cent.). 

Orientation of 2 : 4-Dinitro-m-tolylhydrazine.—The hydrazine was 
heated on the water-bath for thirty minutes in glacial acetic acid 
with excess of cupric acetate. The mixture was cooled, diluted 
with a large excess of water, and after leaving for some time filtered. 
The solid was extracted with hot alcohol to eliminate inorganic 
matter and the dinitrotoluene precipitated from the solution by 
dilution with water. On crystallisation, it melted at 70° and did 
not depress the melting point of 2 : 4-dinitrotoluene (m. p. 70°5). 


Me 


3-Chloro-2 : 4-dinitrotoluene. 


Five grams of the hydrazine were dissolved in boiling alcohol 
and 20 grams of cupric chloride slowly added thereto, when copious 
olution of nitrogen occurred. The mixture was cooled and 
filtered, but a certain amount of cuprous chloride remained in 
wlution and was precipitated on dilution with the chloro-com- 
pound, from which it was difficult to remove. Consequently, the 
ilcoholic solution was treated with concentrated hydrochloric acid 
and a little hydrogen peroxide on the water-bath for an hour to 
reoxidise the cuprous salt. The solution was then diluted and the 
ptecipitate recrystallised from alcohol, when 3-chloro-2 : 4-dinitro- 
loluene separated in long, silky, pale yellow needles melting at 92° 
Found: Cl=16-2. C,H,O,N,Cl requires Cl=16°4 per cent.). 


3-lodo-2 : 4-dinitrotoluene. 


A solution of 3 grams of the hydrazine in boiling alcohol was 
tteated with excess of iodine. The mixture was boiled for thirty 
ninutes, the excess of iodine removed with sulphurous acid, and 
the compound precipitated by the addition of water. 3-Jodo-2 : 4- 
dinitrotoluene crystallises from alcohol in yellow leaflets melting 
it 117° (Found: N=9-4. C,H,0,N,I requires N=9-1 per cent.), 
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4-Nitro-1-hydroxy-5 (or 7)-methyl-1 : 2 : 3-benzotriazole. 


A hot alcoholic solution of 2 grams of 2: 4-dinitro-m-toly). 
hydrazine was boiled for five minutes with 2 c.c. of 50 per cent, 
hydrazine hydrate. Orange-yellow crystals of the hydrazine sai 
began to separate at once, the quantity increasing when the mixtur 
was cooled. The crystals of the salt were dissolved in water and 
the solution was acidified with dilute hydrochloric acid, when the 
benzotriazole derivative was precipitated. It crystallised from hot 
alcohol in very pale yellow, hexagonal prisms containing a molecuk 
of water of crystallisation, which was lost at 100°, the compound 
then acquiring a lemon-yellow colour. By heating in a melting. 
point tube, the water was first driven off and the anhydrous con. 
pound then melted and decomposed at 205° (Found: N=264; 
H,O=8-7. C,H,0,N,,H,O requires N=26-4; H,O=8:-5 per cent), 

This compound may also be obtained by treating a hot, alcoholic 
solution of the hydrazine with 10 per cent. alcoholic sodium hyd. 
oxide until a permanent red colour is obtained. On cooling, the 
sodium salt crystallises and may be decomposed with acids as before. 

The benzotriazole derivative is slightly soluble in water, giving 
brilliant yellow solution, but is less soluble in dilute hydrochlorie 
acid; it is readily soluble in caustic alkalis and in warm sodiu 
carbonate solution, giving in each case deep orange-red solutions 
When heated rapidly, it deflagrates and in a closed tube explode 
violently. The hydrazine salt crystallises in orange needles, 
sparingly soluble in cold alcohol, but readily soluble in water. On 
heating, it deflagrates violently (Found : N=37-4. C,;H,0,N,,N,H 
requires N=37-2 per cent.). 


2 : 4-Dinitro-m-tolylazoimide. 


To a hot, alcoholic solution of 2 grams of 2 : 3 : 4-trinitrotoluene, 
0-6 gram of sodium azide dissolved in alcohol was added. The 
solution assumed a red tint, and after boiling for a few minutes 
was diluted somewhat and cooled. The azoimide which separated 
was crystallised from alcohol, when it was obtained in silvery 
leaflets which turned pale green on exposure to light and melted 
at 89°; on stronger heating, it decomposed quietly and showed 10 
tendency to explode (Found: N=81-5. C,H,0O,N, requir 
N=31:3 per cent.). 


2 : 4-Dinitro-m-tolylhydrazones. 


The hydrazones were prepared by adding a slight excess of the 
aldehyde in alcoholic solution to a hot, alcoholic solution of the 


n-tolyl- 
Tr cent. 
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hydrazine, heating on the water-bath for some time, diluting some- 
vhat with water, cooling, and crystallising the product from alcohol. 
Insome cases, the hydrazone began to separate from the hot liquid, 
or crystallised on cooling without the addition of water, but the 
ame process was adopted in each case for simplicity. 

Formaldehyde-2 : 4-dinitro-m-tolylhydrazone crystallises in fine 
yellow needles melting at 132° (Found: N=25-0. C,H,0,N, 
requires N=25-0 per cent.). 

Acetaldehyde-2 : 4-dinitro-m-tolylhydrazone is a yellow, crystalline 
powder melting at 112° (Found: N=24-0. C,H, 0,N, requires 
\=23-5 per cent.). 

n-Propaldehyde-2 : 4-dinitro-m-tolylhydrazone crystallises in long, 
orange-yellow tables melting at 100° (Found : N= 22: 2. CyoH.0,N, 
requires N=22-2 per cent.). 

n-Butaldehyde-2 : 4-dinitro-m-tolylhydrazone forms orange-red 
prisms melting at 86° (Found: N=21-3. C,,H,,0,N, requires 
N=21-1 per cent.). 

Benzaldehyde-2 : 4-dinitro-m-tolylhydrazone forms orange-red 
needles melting at 188° (Found: N=18-8. C,,H,,0,N, requires 
N=18-7 per cent.). 

Acetone-2 : 4-dinitro-m-tolylhydrazone crystallises in long, orange- 
rd needles melting at 102° (Found: N=22-6. C,9H,,0,N, 
requires N=22-2 per cent.). 

Methyl ethyl ketone 2: 4-dinitro-m-tolyihydrazone forms orange- 
yellow needles melting at 94° (Found: N=21-4. ©C,,H,,0,N, 
requires N==21-1 per cent.). 


3 : 5-Dinitro-o-tolylhydrazine. 


Two grams of 2:3: 5-trinitrotoluene were dissolved in 25 c.c. 
of boiling alcohol and 2 c.c. of hydrazine hydrate diluted with 
\0.c.c. of alcohol added. The mixture was at once cooled and the 
precipitated hydrazine crystallised from alcohol, in which it was 
sparingly soluble. 3 : 5-Dinitro-o-tolylhydrazine separates in orange, 
laky needles melting and decomposing at 169° (Found : N=26-9. 
CH,O,N, requires N=26-4 per cent.). The compound was oriented 
by oxidation with cupric acetate (see above), the dinitrotoluene 
produced being the 3 : 5-isomeride. 


Kr Me 
OK C) 
NO, No: —* NO 
"74 
Acetone- ty 5-dinitro-o-tolylhydrazone.—An alcoholic solution of 
the above hydrazine was boiled for a few minutes with a slight 
11* 


900 BRADY AND BOWMAN: DINITROTOLYLHYDRAZINES. 


excess of acetone. On diluting with water and cooling, the hydrazone 
separated and was crystallised from alcohol, when it formed scarlet 
needles melting at 128° (Found: N=22-5. C,9H,,0,N, requins 
N=22:-2 per cent.). 

Benzaldehyde-3 : 5-dinitro-o-tolylhydrazone.—An alcoholic solution 
of the hydrazine was boiled with a slight excess of benzaldehy¢, 
The derivative began to separate from the hot liquid, which wa 
cooled, and the solid crystallised from a mixture of acetone anj 
alcohol, when it separated as a crystalline, vermilion powde 
melting at 194° (Found: N=18-7. C,,H,.0,N, requires N=187 
per cent.). 

3 : 5-Dinitro-p-tolylhydrazine. 


This compound was prepared from 3 : 4: 5-trinitrotoluene in the 
same way as the dinitro-o-tolylhydrazine. In this case, however, 
there was a greater tendency to form the hydrazine salt of the 
benzotriazole, which, on account of its sparing solubility, wa 
difficult to remove. Three crystallisations from alcohol, however, 
gave the pure hydrazine in lustrous, copper-coloured plates. The 
crystals, on grinding, gave a brown powder which turned bright 
red at 130° and melted at 139°. The red substance, on cooling 
did not change its colour, but crystallisation from alcohol pro 
duced the original copper-coloured compound (Found: N=26/. 
C,H,0,N, requires N=26-4 per cent.). This compound was oriented 
as before by oxidation with cupric acetate to 3 : 5-dinitrotoluene. 

Benzaldehyde-3 : 5-dinitro-p-tolylhydrazone, prepared in the same 
way as the dinitro-o-tolyl derivative, crystallises from acetone in 
scarlet leaflets melting at 214° (Found: N=18-8. C,,H,,0,\, 
requires N=18-7 per cent.). 


4-Nitro-1-hydroxy-6-methyl-1 : 2 : 3-benzotriazole. 


The above hydrazine in alcohol was boiled with hydrazine hydrate 
for some minutes. The hydrazine salt, which crystallised on cooling, 
was dissolved in hot water, the solution acidified with dilute hydro- 
chloric acid, and cooled. The benzotriazole crystallised and was 
purified by crystallisation from dilute alcohol, when it separated 
in very pale yellow, silky needles which began to decompose above 
200° but did not melt at 230° (Found: N=28-9. C;H,0;\ 
requires N=28-9 per cent.). The hydrazine salt is sparingly soluble 
in cold, but readily soluble in hot water. 


Tue Rate Forster LABORATORY OF ORGANIC CHEMISTRY, 
University CoLttece, Lonpon. _[Received, May 10th, 1921.] 
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CI.—Studies in the Anthracene Series. Part I. 


By EpwakpD DE Barry Barnett and JAMES WILFRED Cook. 


SgvERAL cases have been recorded in the literature in which the 
formation of a pyridinium salt is accompanied by a weakening of 
the pyridine ring, so that when the salt is treated with a basic 
substance the ring is opened and a derivative of glutaconaldehyde 
formed. Thus Kénig and Bayer (J. pr. Chem., 1911, [ii], 83, 325) 
in a preliminary note give a list of some thirty-three organic and 
inorganic halogen compounds which appear to yield additive 
compounds with pyridine in which the ring system is so weakened 
that it is broken open by treatment with aniline. Similar reactions 
have been described by Reitzenstein and Briining (ibid., 1911, [ii], 
83, 97) in the cases of the pyridinium salts obtained from di-o- 
tolyloxaliminochloride, tolane dichloride, and benzanilideimide- 
chloride, but the most detailed investigation of this type of reaction 
has been carried out by Zincke and his students in the case of 
2:4-dinitrophenylpyridinium chloride (Zincke, Annalen, 1904, 330, 
361; 333, 296; 1905, 338, 107; 341, 365) and similarly con- 
stituted salts (Zincke and Krollpfeiffer, Annalen, 1914, 408, 285; 
Zincke and Weisspfenning, J. pr. Chem., 1910, [ii], 82, 1; 1912, 
[ii], 85, 207). Although the products formed depend to some extent 
on the experimental conditions, the results obtained by these 
investigators can be briefly summarised as follows. 

(1) Heating with water leads to the replacement of the pyridinium 
group by a hydroxy! group; 2: 4-dinitrophenylpyridinium chloride, 
for example, when heated with water at 150° yields 2: 4-dinitro- 
phenol. This reaction takes place particularly easily in the case of 
pyridinium salts of weak acids. In the example quoted above, the 
reaction takes place at 100° in the presence of sodium acetate, and 
at the ordinary temperature in the presence of sodium nitrite. 

(2) The action of sodium hydroxide, sodium carbonate, or 
ammonia leads to an opening of the pyridine ring with the produc- 
tion of highly coloured substances which have the alternative 
formule ArN:CH-CH:CH-CH:CH-OH or ArNH-CH:CH-CH:CH-CHO, 
and hence must be regarded as monoanils of glutaconaldehyde. 

(3) The action of primary and secondary aliphatic amines is very 
similar to that of the alkalis, except that the excess of the amine 
combines with the monoanil to form a dianil of the structure 
ArN:CH-CH:CH-CH:CH:NHR or ArNH-CH:CH-CH:CH-CH:NR. 

(4) The action of primary and secondary aromatic amines leads 
to the complete displacement of the cyclic nitrogen atom, the 

11* 2 


902 _ BARNETT AND COOK: 


reaction products in the case of 2: 4-dinitrophenylpyridiniuy 
chloride being 2: 4-dinitroaniline and a dianil of glutaconaldehyée. 
Some primary aromatic amines, however, such as 2: 4-dichlon. 
aniline and o-, m-, and p-nitroaniline, do not react. 

An investigation of the properties of pyridinium salts containing 
the anthracene ring system seemed to be of interest, and the present 
communication contains an account of the behaviour of 9:10. 
dihydroanthraquinyldipyridinium dibromide. 

As would be expected, this salt is not very stable and on boiling 
with water both pyridinium groups are easily split off, the resulting 
9: 10-dihydroanthraquinol at once losing water and then becoming 
ketonised to anthrone (Kurt Meyer, Annalen, 1911, 379, 37): 

ACH(C;H,NBr H(OH CH— 
C8 Xcnc nun > OR Kea > C,H,< 60H) CH 


H 
C,H, (OG Cale 


The yields are almost quantitative, and as the dipyridinium 
dibromide is easily obtained the process is the most convenient one 
for preparing anthrone. In this reaction the replacement of both 
pyridinium groups must take place simultaneously and not succes- 
sively, for, as will be seen later, when only one pyridinium group 
is replaced by a hydroxyl group, the resulting compound (I) at 
once loses water and passes into the perfectly stable anthrany!- 
pyridinium bromide (II). In the presence of acids, however, the 
replacement appears to take place in two steps, as but little anthrone 
is obtained when the dipyridinium dibromide is boiled with sul- 
phurous acid, and if first boiled with an alcoholic solution of hydrogen 
chloride subsequent boiling with water yields no anthrone at all. 
From the solutions thus obtained the addition of picric acid leads 
to the precipitation of anthranylpyridinium picrate. The action 
of cold sodium hydroxide or ammonia solution, or of a primary 0 
secondary aliphatic amine, leads to the replacement of only one 
pyridinium group by the hydroxyl group : 


. y_—CH(C;H,NBr) <CH(C,H;NBr) 
CoH GHC NBr)> CHa —> CoH Gu(Oipy——— os. 


(I.) 
Cc H; NB 
<P oNB 0,8, 1,0. 


(IL.) 


C,H, 


Analysis of the resulting salt shows that it has the empirical formuls 
C,,H,,ONBr, corresponding with I, but for the following reasons 
it seems certain that water has been lost from the meso-carbon atoms 
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and then taken up elsewhere in the molecule as water of crystal- 
jisation (IT) : 

(i) The same amount of water is not present in all the salts, 

(ii) It has been shown by Meisenheimer (Annalen, 1902, 323, 
5; 1904, 330, 133), Guyot and Stahling (Bull. Soc. chim., 1904, 
fii], 33, 1144), Clarke (Ber., 1908, 41, 935; J. Amer. Chem. Soc., 
1911, 33, 1966) and other investigators that the meso-hydroxy- 
dihydroanthracene derivatives are very easily ethylated by boiling 
with alcoholic solutions of hydrogen chloride. Our salt, on the 
other hand, is not affected even by prolonged boiling with alcoholic 
lutions of hydrogen bromide. 

(ii) If formula I were correct, the salt should behave towards 
primary aromatic amines in much the same way as 9: 10-dihydro- 
anthraquinyldipyridinium dibromide. This, however, is not the 
case, as it is not affected even by boiling aniline. 

Against the formula I it may be urged that as the “ bridge ” is 
intact the compound should be fluorescent, whereas neither the 
bromide nor any of the other salts which we have prepared shows 
amy signs of visible fluorescence. Very little, however, is known 
as regards the influence of the pyridinium group on the fluorescence 
of organic compounds, and in any case the anhydrous salt, which 
must correspond with formula II, also exhibits no signs of fluor- 
ecence. The action of warm sodium hydroxide or other strongly 
ikaline solution on 9:10-dihydroanthraquinyldipyridinium di- 
bromide leads to the replacement of one pyridinium group by the 
hydroxyl group and to the opening of the pyridine ring of the 
other group, the product being a monoanil of glutaconaldehyde, 
(yH,N°CH-CH°CH-CH:CH-OH or C,,H,NH-CH°CH-CH:CH-CHO. 

The action of both primary and secondary aromatic amines on 
9:10-dihydroanthraquinyldipyridinium dibromide leads to the dis- 
placement of both pyridinium groups, but only one substituted 
amino-group enters the molecule. The reaction is accompanied by 
simultaneous reduction, so that the products are derivatives of 
Y-amino-9 : 10-dihydroanthracene and have the general formula 


. CH(NRA ' 
CoH Gyo, 


where Ar represents an aryl group and R an alkyl or aryl group or 
ahydrogen atom. The reaction seems to be a very general one, 
although in the case of @-naphthylamine there is a great tendency 
to form di-8-naphthylamine. 

The reduction of the meso-carbon atoms of the anthracene ring 
system must be due to the production of glutaconaldehyde by the 
opening of one of the pyridine rings, and this view is supported by 
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the fact that ammonia is always present in the reaction products, 
and the smell of glutaconaldehyde can generally also be detected, 
Reduction is probably a secondary reaction, as the products ar: 
often extremely difficult to obtain pure and free from fluorescent 
admixtures. We have not as yet been able to establish the exact 
mechanism of the reaction, but as the action of the base causes an 
immediate liberation of pyridine it seems probable that the first 
step consists in the replacement of one pyridinium group by a 
substituted amino-group, the second pyridinium group being sub. 
sequently split off with rupture of the pyridine ring. The replace. 
ment of a pyridinium group by an arylamino-group has been 
observed by Zincke and Weisspfenning (J. pr. Chem., 1910, [ii], 82, 
1), who obtained 3: 5-dinitro-2-anilinobenzoic acid by boiling the 
pyridinium salt obtained from 2-chloro-3 : 5-dinitrobenzoic acid with 
aniline in glacial acetic acid solution. The reaction, however, is 
not a general one, and we have been unable to obtain any trace of 
phenylglycine by boiling the pyridinium salt derived from chloro. 
acetic acid with aniline. 


EXPERIMENTAL. 


9: 10-Dihydroanthraquinyldipyridinium Dibromide. 


This salt can be obtained either by the direct union of pyridine 
with anthracene dibromide or, more conveniently, by the action of 
bromine on a suspension of anthracene in pyridine. 

Anthracene (1°6 grams) was converted into the dibromide by 
treatment at 0° with 1°5 grams of bromine dissolved in 250 c.c. of 
carbon disulphide (Perkin, Bull. Soc. chim., 1877, [ii], 27, 464; 
Chem. News, 1876, 34, 144). After about one and a half hours the 
dibromide was collected, washed with ice-cold ether, and suspended 
in 30 c.c. of pyridine. Formation of the pyridinium salt took place 
rapidly at the ordinary temperature; after three hours the white 
solid was collected, washed with ether, recrystallised from a mixture 
of alcohol and ether, and dried in a vacuum desiccator, when it 
formed a colourless, crystalline powder which melted at 166—167° 
(Found: C=57°7, 575; H=5:1l, 491; N=5-77; Br=32'4. 
C.4HapN,Br, requires C=58'1; H=4:03; N=565; Br=322 
per cent.). 

In preparing the pyridinium salt by the direct action of bromine 
on anthracene in the presence of pyridine, it was found necessary 
to use sufficient bromine to convert the pyridinium bromide into 
the perbromide, as if this is not done a considerable amount of the 
anthracene is left unattacked. The following method was found to 
give extremely satisfactory results. 
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Technical refined anthracene (about 92 per cent.; 180 grams), 
suspended in 1800 c.c. of pyridine, is cooled to —10° in a freezing 
mixture and bromine (480 grams) is run in very slowly, the whole 
being well agitated and the temperature being maintained below 
0°. If the preparation is carried cut in an enamelled iron vessel 
the addition of the bromine can be completed in about two and a 
half hours, but if a glass flask or beaker is used considerably more 
time is required owing to the less efficient cooling. When the 
bromine has been added the solution is set aside for an hour and 
the orange-yellow precipitate then collected with the aid of the 
pump and washed first with pyridine and then with ether. The 
yield is about 590 grams. 

The perbromide is best reduced to the bromide by treatment with 
acetone. Scarcely any reduction takes place at the ordinary 
temperature, but on warming reduction takes place readily and the 
reaction may become violent, and on one occasion the acetone 
actually inflamed. For this reason it is best to add the perbromide 
little by little to boiling acetone. The reduction is easily followed 
by observing the change in colour from the yellow perbromide to 
the colourless bromide. When reduction is complete the precipitate 
is collected and washed with acetone. The resulting bromide is 
fairly pure, but can be purified by recrystallisation from a mixture 
ofaleohol and ether (Found: C=58'1; H=4°6; N=5°64; Br=32-6, 
325 per cent.). 

9:10-Dihydroanthraquinyldipyridinium dibromide forms a colour- 
less, crystalline powder, which is insoluble in ether, but moderately 
soluble in water or alcohol. When crystallised from warm water, 
it separates as a hexahydrate, but the water of crystallisation is 
lost very readily when the crystals are dried in a desiccator at the 
ordinary temperature (Found: C=47°9, 48:1; H=5-32, 5-93; 
N=5°04, 508; Br=26-9; H,O=17-4, 17°5. C,.,HN,Br,,6H,O 
requires C=47'7; H=53; N=46; Br=265; H,O=17°9 per 
cent). 

When an aqueous solution of the salt is evaporated in a vacuum 
desiccator at the ordinary temperature, large, transparent needles 
separate, which appear to consist of a pentahydrate (Found : C=47°6; 
H=4'52; N=5-04; Br=27-'7; H,O=15°9. C,,H, N,Br,,5H,0 re- 
quires C=48:1; H=5:12; N=4-78; Br=273; H,O=15-4 per 
cent.). 

The perbromide is precipitated as an orange-red powder when 
bromine water is added to a cold aqueous solution of the bromide. 
It is insoluble in all the usual media, but appears to be identical in 
every way with the perbromide obtained by the action of bromine 
on anthracene in pyridine solution. The bromine was estimated by 
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Volhard’s method after reduction with hydrazine sulphate (Found: 
Br=58°9. C,,H,)N,Br, requires Br=58°8 per cent.). The periodic 
is precipitated as a violet powder when a solution of iodine in 
potassium iodide is added to an aqueous solution of the bromide, 
Owing to its insolubility in all media, we were unable to obtain 
it in a state of sufficient purity for analysis. It is not reduced by 
hydrazine. 

The hydrogen chromate separates slowly in orange needles when a 
solution of potassium chromate is added to an aqueous solution 
of the bromide. It is almost insoluble in boiling water (Found: 
Cr=18°'23. C,.,HoN,,2HCrO, requires Cr=18°24 per cent.). 

The picrate is precipitated when picric acid is added to an aqueous 
solution of the bromide. It melts at 168°5—170° and is almost 
insoluble even in boiling water (Found: N=14-4. C,,H,,0,,N, 
requires N=14°14 per cent.). 


Preparation of Anthrone. 


A solution of dihydroanthraquinyldipyridinium dibromide hexa- 
hydrate (50 grams) in 250 c.c. of water was heated on the water. 
bath in a current of carbon dioxide for four hours. The precipi- 
tated anthrone was then filtered off, washed with water, and dried 
in a vacuum desiccator. The yield was almost theoretical and the 
product was found to be free from anthraquinone and almost pure 
without further treatment (Found: C=86°3; H=5°33. Calc., 
C=86°6; H=5-'15 per cent.). 

Several attempts were made to combine the reduction of the 
perbromide and the removal of the pyridinium groups in one 
operation, but in every case the anthrone was contaminated with 
considerable quantities of anthraquinone and the yield was poor. 
On one occasion the perbromide was reduced with sulphurous acid, 
and the resulting solution boiled in a current of carbon dioxide. 
The small amount of anthrone which separated was filtered off, 
the filtrate neutralised with sodium hydroxide, and after removal 
of the sulphate and sulphite as barium salts concentrated somewhat 
and then cooled. The resulting crystals were collected, washed 
with water, and recrystallised several times from boiling water. 
They were found to be completely free from bromine and sulphur, 
and were identified as anthranylpyridinium chloride by the pre- 
paration of the picrate referred to below (Found : Cl=9°78, 9°84. 
C,H, ,NC1,4H,O requires Cl=9°74 per cent.). 

On another occasion it was noticed that when the perbromide was 
suspended in water and treated with sulphurous acid in the cold 
it became decolorised without passing into solution. The colourless 
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substance contained nitrogen, bromine, and sulphur, and evolved 
sulphurous acid when warmed with water. Owing to its instability, 
it was not possible to obtain it in a state of purity, but it is probably 
a sulphurous ester of 9-hydroxy-9 : 10-dihydroanthracene-10- 
pyridinium bromide, for as has already been pointed out, hydroxyl 
groups attached to the meso-carbon atoms of the anthracene complex 
are very easily esterified. 


Action of Sodium Hydroxide on 9: 10-Dihydroanthraquinyl- 
dipyridinium Dibromide. 


To 35 grams of dihydroanthraquinyldipyridinium dibromide 
hexahydrate dissolved in 500 c.c. of water and cooled to 15°, 100 c.c. 
of N/2-sodium hydroxide were added. Crystals commenced to 
form in about ten minutes and separation was complete after an 
hur. The solution was cooled to 0°, the precipitate collected, 
washed with a little ice-water and crystallised from boiling water. 
The yield was 14 grams (Found: C=642; H=5'15; N=3°89; 
Br=22'3. OC, gH,,NBr,H,O requires C=644; H=4:52; N=3'96; 
Br=22°6 per cent.). 

Anthranylpyridinium bromide forms lemon-yellow leaflets or 
needles insoluble in ether, but moderately easily soluble in water 
or alcohol. It loses water of crystallisation slowly at 110°, but 
more rapidly at 150° (Found: H,O=4°95. Cy, H,,NBr,H,O 
requires HJO=5-09 per cent.). Addition of bromine water to its 
aqueous solution causes immediate precipitation of the perbromide 
as an oil, which soon becomes solid and can then be recrystallised 
from boiling methyl alcohol, from which it separates in orange- 
red needles almost insoluble in water. The bromine was estimated 
by Volhard’s method after reduction with hydrazine (Found : 
Br=46'1. C,,H,,ONBr, requires Br=46-7 per cent.). 

The dichromate is precipitated by adding potassium dichromate 
to an aqueous solution of the bromide. It crystallises from boiling 
water, in which it is very sparingly soluble, in orange-red needles 
(Found : Cr=14°38. [C,,H,,N],Cr.0, requires Cr=14-29 per cent.). 

The picrate is precipitated from an aqueous solution of the bromide 
by the addition of picric acid. It erystallises from boiling water, 
in which it is very sparingly soluble, in yellow needles which 
melt at 180—182° (Found: C=61:1; H=452; N=11°59. 
(5H, ,0,N,,4H,O requires C—60°9; H=3-45; N=11-35 per cent.). 
A picrate prepared from the bromide which had been dehydrated 
by heating at 150° also melted at 180—182° and the melting point 
‘ not changed by admixture of the picrate made from the hydrated 
romide. 
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When dihydroanthraquinyldipyridinium dibromide is treated with 
warm sodium hydroxide solution (2 mols.), not only is one py. 
idinium group displaced, but the pyridine ring of the remainiy 
group is ruptured. The resulting product, however, is rather difj. 
cult to purify owing to its tendency to become resinous. Th 
following procedure, however, seemed to give a pure product, 
To dihydroanthraquinyldipyridinium dibromide (15 grams) di. 
solved in 200 c.c. of water at 50° were added 100 c.c. of N/2-sodium 
hydroxide. The temperature was then slowly raised to 70° and 
maintained at this point for half an hour. After dilution with, 
large volume of cold water, the red precipitate was collected, 
washed with cold water, dried in a vacuum desiccator, dissolved in 
chloroform, and reprecipitated from the filtered solution by the 
addition of ether. The yield was only 0°3 gram (Found : C=807; 
H=5°46. C,,H,;ON,$H,O requires C=80°8; H=5°67 per cent), 
The substance forms a chocolate-brown powder which is easily 
soluble in chloroform, but less soluble in alcohol, benzene or light 
petroleum. 


Action of Ammonia and Primary and Secondary Aliphatic Amines. 


Dihydroanthraquinyldipyridinium dibromide in quantities of 
15 grams (,'5-gram-mol.) was dissolved in 200 c.c. of water and the 
solutions were cooled to 10° and treated with exactly one equivalent 
of a 10 per cent. solution of ammonia, monomethylamine, di- 
methylamine,* and piperidine. In all cases the separation of crystals 
commenced in a few minutes and was allowed to proceed for one 
and a half hours, when the solutions were cooled to 0° and the 
precipitate was collected, washed with a little ice-water, and recrys- 
tallised from boiling water or a mixture of alcohol and ether. All 
the products were characterised as being identical with the anthranyl- 
pyridinium bromide obtained by the action of sodium hydroxide, 
the identification being effected both by analysis and by the pre- 
paration of the picrate and the determination of its melting point 
alone and when mixed with the picrate made from the salt obtained 
by the action of sodium hydroxide (Found: C=64:2, 64-2, 6¢', 
64:3; H=4-41, 4:47, 4:97, 4:20; N=4-08, 4:10; Br=22'4, 22%, 
224. Cale., C=64:'4; H=4°52; N=3:96; Br—22°6 per cent). 
The yields obtained in all cases were about 6 grams. 


Action of Pyridine and Quinoline. 


An aqueous solution of dihydroanthraquinyldipyridinium 4 
bromide was gently warmed on the water-bath with one gral 


* Kindly supplied by British Dyestuffs Corporation, Ltd. 
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aquivalent of pyridine or quinoline. At the end of an hour the 
olution was treated with picric acid and the resulting precipitate 
wllected, washed with hot water, and recrystallised from boiling 
water. In both cases the product melted at 180—182°, and no 
change in melting point was observed after admixture of anthranyl- 
pyridinium picrate prepared from dihydroanthraquinyldipyridinium 
dibromide by means of sodium hydroxide. 


Action of Primary and Secondary Aromatic Amines. 


The conversion of dihydroanthraquinyldipyridinium dibromide 
into derivatives of 9-amino-9: 10-dihydroanthracene by the action 
of primary and secondary aromatic amines can be carried out by 
heating the salt with the amine either without a solvent or in the 
presence of alcohol; which method gives the best results depends 
on the particular amine that is being used. 

In some cases the reaction takes place smoothly and the amino- 
dihydroanthracene derivative is easily obtained pure and in fair 
yield. In other cases, however, the yields are very poor and the 
product only obtained pure after repeated crystallisation. 

9-Phenylamino-9 : 10-dihydroanthracene.—This substance is very 
easily obtained when dihydroanthraquinyldipyridinium dibromide 
is boiled for a few minutes with excess of aniline, with or without 
the addition of alcohol. When the whole of the pyridinium salt 
has dissolved, the solution is cooled, poured into dilute hydrochloric 
acid, and the precipitate collected and washed with dilute hydro- 
chloric acid. The substance is usually obtained pure after a single 
recrystallisation from alcohol (Found : C=88°5; H=6°22; N=5-01. 
Min naphthalene solution] =262. C,,H,,N requires C=88°5; 
H=627; N=5-16 per cent. M=271). It crystallises in yellow 
leaflets which melt at 197—200°. 

9-0-Nitrophenylamino-9 : 10-dihydroanthracene.—Five grams of 
dihydroanthraquinyldipyridinium dibromide were boiled under 
reflux with 3 grams of o-nitroaniline and 50 c.c. of alcohol. The 
pyridinium salt was completely dissolved at the end of an hour, 
but boiling was continued for another half-hour. After cooling, the 
solution was poured into dilute hydrochloric acid and the very 
viscous precipitate separated as far as possible from the liquors and 
washed with dilute hydrochloric acid. It was purified by recrys- 
tallisation twice from a mixture of alcohol, acetone, and water! 
and then formed glistening, brick-red needles which melted at 
219—-220°. The yield was 0°5 gram (Found: C=762; H=5-05. 
(pH, ,0.N, requires C=75°9; H=5-05 per cent.). 

9-m-Nitrophenylamino-9 : 10-dihydroanthracene was made in the 
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same way as the o-nitro-compound, but the precipitate obtained m 
pouring the alcoholic solution into dilute hydrochloric acid was muc 
less viscous. It was obtained pure after a single recrystallisatiq 
from a mixture of acetone, alcohol, and water, and then forme 
bright red needles which melted at 199—200°. The yield was |? 
grams (Found : C=75°8; H=5°01; N=8°89. C,.,H,,O.N, requires 
C=759; H=5:05; N=8°86 per cent.). 

9-p-Nitrophenylamino-9 : 10-dihydroanthracene was made in the 
same way as the o- and m-nitro-compounds, but the precipitate 
obtained by pouring the alcoholic solution into dilute hydrochloric 
acid was very viscous, although it became solid on keeping. The 
product was purified by recrystallising three times from a mixtur 
of methyl ethyl ketone, alcohol, and water, and then twice from 
absolute alcohol. It was then obtained in the form of microscopic 
lemon-yellow needles, which melted at 179—180°. The yield was 
04 gram (Found: C=760; H=5:15; N=8°56. C,9H,,0,, 
requires C=75°9; H=5°05; N=8°86 per cent.). 

9-0-Tolylamino-9 : 10-dihydroanthracene.—Ten grams of dihydr- 
anthraquinyldipyridinium dibromide were heated at 150° for an hour 
with 20 grams of o-toluidine, and the whole was then poured into 
dilute hydrochloric acid and boiled. The resulting precipitate was 
collected, washed first with dilute hydrochloric acid and then with 
water, and recrystallised six times from a mixture of methyl ethyl 
ketone and alcohol, when it was obtained in lemon-yellow needles 
which melted at 158—160° (Found: C=88°'7; H=6°67. (©,,HyN 
requires C=88°4; H=6°63 per cent.). 

9-p-Tolylamino-9 : 10-dihydroanthracene was prepared in the same 
way as the o-toluidino-compound and was purified by recrystallis- 
ing four times from a mixture of methyl ethyl ketone and alcohol 
and then twice from absolute alcohol. The yield of pure product 
obtained from 10 grams of the dipyridinium dibromide was 0°7 gram. 
It formed minute, yellow needles which melted at 160—162 
(Found : C=88'4; H=6°50. C,,H,,N requires C=88°4; H=67 
per cent.). 

9-0-Carboxyphenylamino-9 : 10-dihydroanthracene—Ten grams of 
dihydroanthraquinyldipyridinium dibromide were boiled under 
reflux with 5 grams of anthranilic acid and 75 c.c. of alcohol for 
three hours, and the whole was then cooled and poured slowly into 
a large volume of cold water. The extremely viscous precipitate 
which formed was separated as far as possible from the mother 
liquors and dissolved in 500 c.c. of boiling methyl ethyl ketone. 
The greater part of the solvent was removed by distillation on the 
water-bath and the solution filtered and cooled in ice. The resulting 
crystals were collected, washed with methyl ethyl ketone, and dis- 
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ylved in 300 c.c. of the same solvent. After concentration to a 
mall volume, the solution was cooled in ice and then deposited 
gistening, lemon-yellow crystals which decomposed at 255—275° 
when heated. The yield was 1°1 grams (Found: C=80'2; H= 
508. Cy,;H,,O,N requires C=80°0; H=5°40 per cent.). 
)-p-Benzeneazophenylamino-9 : 10-dihydroanthracene.—Five grams 
¢ dihydroanthraquinyldipyridinium dibromide and 4 grams of 
paminoazobenzene were boiled under reflux with 50 c.c. of alcohol 
for one and a half hours. After cooling, the whole was poured into 
iilute hydrochloric acid and the precipitate collected and washed 
repeatedly with large volumes of boiling dilute hydrochloric acid. 
It was purified by recrystallising first from aqueous acetone and 
then from a mixture of acetone and alcohol, and formed yellowish- 
brown needles which melted at 230°5—231°5°. The yield was 
; (Found: N=11'19. C,,H,,;N; requires N=11°20 per 


9-8-Naphthylamino-9 : 10-dihydroanthracene—Twenty grams of 
dihydroanthraquinyldipyridinium dibromide and 12 grams of 
jnaphthylamine were boiled under reflux for three hours with 
0 c.c. of alcohol and the solution was then cooled and poured 
into a large bulk of dilute hydrochloric acid. The resulting floccu- 
lnt precipitate was collected and repeatedly ground with large 
quantities of slightly warm, very dilute hydrochloric acid. It was 
finally dried in a vacuum desiccator and then repeatedly crystallised, 
first from a mixture of benzene and light petroleum and then from 
ilohol containing a little acetone. The yield was about 0°5 
gam, and the product melted indefinitely at 182—-207° (Found : 
(=911; H=5°85. C,,H,.N requires C=89°7;- H=5°92 per 
cent.). 

When dihydroanthraquinyldipyridinium dibromide is heated for 
ashort time at 150—180° with twice its weight of 8-naphthylamine 
the chief product is di-8-naphthylamine. This can be obtained in 
the pure state by pouring the hot melt into a large volume of boiling 
dilute hydrochloric acid and washing the precipitate repeatedly with 
boiling water in order to remove the excess of $-naphthylamine. 
The crude product is best purified by repeated recrystallisation, first 
from aqueous pyridine and then from methyl ethyl ketone. The 
identification was effected by analysis and by the method of mixed 
nelting points both of the free base and of the picrate (Found : 
(=890; H=5-99. Cale., C=89-2; H=5°58 per cent.). 

It is remarkable that there is no difficulty in obtaining a crude 
product the melting point of which (170—171°) is not changed by 
idmixture with di-8-naphthylamine, but analysis shows that a 
pure product is only obtained after repeated recrystallisation. The 
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impure substance also gives a picrate which melts at 165—167 
and shows no change in melting point when mixed with di-f-naph. 
thylamine picrate. 

Several attempts were made to prepare the corresponding 
«-naphthylaminodihydroanthracene, but owing to its refusal to 
crystallise it was not found possible to isolate it in the pure state. 

9-Phenylmethylamino-9 : 10-dihydroanthracene.—Thirty grams of 
dihydroanthraquinyldipyridinium dibromide and 30 grams of 
monomethylaniline were heated at 150—160° until a clear solution 
was obtained. The whole was then poured into concentrated 
hydrochloric acid and the solution diluted with its own volume of 
water and boiled. The precipitate was collected, washed successively 
with boiling dilute hydrochloric acid and boiling water, and crys. 
tallised first from aqueous pyridine and then repeatedly from a 
mixture of methyl ethyl ketone and alcohol, when it formed yellow 
needles which melted at 141°5—143°5°. The yield was about 14 
grams (Found: C=883; H=6°70. M [in naphthalene solution] 
=268. C,,H,,N requires C=88-4; H=6°70 per cent. M=285). 

Similar compounds can be obtained from monoethylaniline and 
from benzylaniline, but it was not found possible to obtain them 
pure. It is perhaps worth mentioning that a sample of the benzyl: 
aniline derivative which had been crystallised repeatedly, first from 
light petroleum and then from a mixture of alcohol and acetone, was 
found to exhibit remarkable electrical properties and to become 
strongly luminous when rubbed with a horn spatulum. The sample 
in question melted at 137—138° and formed yellow needles. Its 
solutions exhibited a very powerful greenish-blue fluorescence. 

9-Diphenylamino-9 : 10-dihydroanthracene.—Thirty grams of di 
hydroanthraquinyldipyridinium dibromide and 25 grams of di 
phenylamine were heated during about twelve hours on the water- 
bath with frequent agitation until a sample no longer gave a rel 
precipitate when boiled with dilute sodium hydroxide solution; 
absolute alcohol (50 ¢.c.) was then added and the whole boiled. 
After cooling, the precipitate was collected and washed with absolute 
alcohol. The purification of the product was found to be somewhat 
troublesome, but experience showed that it was best effected by 
repeated crystallisation first from a mixture of methyl ethyl ketont 
and alcohol, then from aqueous pyridine, and finally again from 4 
mixture of methyl ethyl ketone and alcohol. The purified produc 
formed greenish-yellow leaflets and melted at 226—227°5° (Found: 
C=90°2; H=6-27. C,,H,,N requires C=89'9 ; H=6-05 per cent) 


In conclusion, the authors desire to express their thanks to the 
British Alizarine Co., Ltd., the South Metropolitan Gas Co., Ltd, 
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(1l.—Organo-derivatives of Bismuth. Part IV. 
The Interaction of the Halogen derivatives of 
Tertiary Aromatic Bismuthines with Organo- 
derivatives of Magnesium and Mercury. 


By FREDERICK CHALLENGER and CHARLES FREDERICK ALLPRESS. 


Ix consequence of the failures which accompanied many attempts 
to prepare mixed aromatic bismuthines of the type BiR’R,’’ and 
bismuthonium haloids BiR,’R’’X, the action of the Grignard 
reagent on halogen derivatives of the types BiR,X, BiRX,, and 
BiR,X, has been carefully studied. For this purpose several new 
halogen derivatives have been prepared. Bismuth chloride (1 mol.) 
and tri-p-tolylbismuthine (2 mols.) yield chiefly di-p-tolylchloro- 
bismuthine, m. p. 181°, a small amount of p-tolyldichlorobismuthine, 
mn. p. 207°, being also produced, as frequently happens in reactions 
ofthis type. Di-«-naphthylchlorobismuthine, m. p. 168°, is similarly 
formed, although with some difficulty, from bismuth chloride and 
tti-c-naphthylbismuthine. In whatever proportion this bismuthine 
and bismuth bromide are mixed, however, the product is «-naphthyl- 
dibromobismuthine, m. p. 208°. This is also produced together with 
«bromonaphthalene and tri-«-naphthylbismuthine when tri-e- 
naphthylbismuthine dibromide is heated at 100°. The production 
of the dibromobismuthine seems of interest, since in boiling benzene 
tiphenylbismuthine dichloride and dibromide yield dipheny]l- 
thlorobismuthine and the corresponding bromo-compound. 

a-Naphthyldibromobismuthine is also formed when iodine 
bromide (1 mol.) and tri-«-naphthylbismuthine interact, some 
bismuthine remaining unchanged. In these cases a special tendency 
‘ppears to exist for the formation of the dibromo- in preference to 
the monobromo-derivative. 

Phenyldibromobismuthine (T., 1914, 105, 2215; 1916, 109, 250) 
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is the main product obtained from two mols. of bismuth bromide 
and one mol. of triphenylbismuthine. 

Tri-m-tolylbismuthine, m. p. 65°, has been prepared from bismuth 
chloride and magnesium m-tolyl bromide. 

The use of sulphuryl chloride in chloroform solution at the§, 
ordinary temperature (T., 1916, 109, 251) appears to be a general 
method for the preparation of bismuthine dichlorides; traces of 
organic sulphur compounds are, however, simultaneously produced. 
The dichlorides of tri-p-tolyl- and tri-«-naphthyl-bismuthines have 
been prepared in this manner. 

With the magnesium derivative of p-iodo-m-xylene, diphenyl. 
chlorobismuthine and di-p-tolylchlorobismuthine gave triphenyl- 
and tri-p-tolyl-bismuthines respectively. Magnesium phenyl bromide 
(1 or 2 mols., as required by theory) gave with di-«-naphthylchloro- 
bismuthine and «-naphthyldibromobismuthine the tri-«-naphthyl- 
bismuthine and in the latter instance a trace of dipheny]l-«-naphthyl- 
bismuthine. With 1:2 mols. of magnesium «-naphthyl bromide, 
di-p-tolylchlorobismuthine similarly gave  tri-p-tolylbismuthine. 
In most of these experiments a certain amount of bismuth oxide 
or oxyhaloid was produced on addition of water. 


The constant production in these reactions of the bismuthine § jodj 


from which the original halogen compound was derived would 
appear to indicate that BiR,X or BiRX, might react as a mixture 
of BiR, and BiX,, but then the simultaneous production of a 
tertiary bismuthine containing only the radicle of the Grignard 
reagent would be expected. 

Except in the aliphatic series, where the odour of an alkyl. 
bismuthine was detected (T., 1914, 105, 2216; 1916, 109, 250), 
and in cases where large excess of the Grignard reagent was el- 
ployed, this has not been observed. It appeared possible that in 
the absence of a large excess of the Grignard solution * much of 
the halogen bismuthine might remain unattacked,} although in 
almost every instance it completely dissolved. On decomposition 
with water, reaction with the magnesia might then occur thus : 


6BiPh,Br-+3Mg(OH),—4BiPh,+2Bi(OH),-+3MgBry. 


This type of reaction has been shown to occur with phenyl- and 
«-naphthyl-dibromobismuthines and diphenylbromobismuthine 


* Compare the necessity for such excess in the preparation of the tet 
derivatives of tin and lead (Griittner and Krause, Ber., 1919, 52, [B], 215%) 
Krause and Becker, ibid., 1920, 58, [B], 17) and the organo-derivatives 
mercury (Hilpert and Griittner, Ber., 1915, 48, 906). ; 

+ This appears to be the case, for example, when 2} mols. of magnesi® 
«-naphthyl bromide interact with phenyldibromobismuthine. See ™ 
p. 922. 
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nce of aqueous ammonia, sodium hydroxide, or magnesium 
oxide. With water or alcohol alone, however, only hydrocarbon 
ud bismuth oxyhaloid are produced. (An account of these and 
ither properties of the halogen derivatives of the bismuthines will 
shortly be communicated to the Society in conjunction with Mr. 
J. F. Wilkinson.) 

This hypothesis, although probably correct in some cases, does 
. Boot explain the production of triphenylbismuthine from diphenyl- 
jromobismuthine and magnesium «-naphthyl bromide or magnesium 
chyl bromide when the reaction mixture is worked up in the 


-Babsence of water. 


The complex nature of some of the changes involved is shown 
by the production of triphenylbismuthine and diphenyl-x-naphthyl- 
-Bbimuthine by the action of six molecules of magnesium phenyl 
*Bbromide on «a-naphthyldibromobismuthine. The interchange of 
‘I goups observed when mercury diphenyl is employed (p. 923) may 
be analogous. Similarly, with 5} mols. of magnesium «-naphthyl 


ine. bromide, phenyldibromobismuthine gives rise to much _ tri-c- 


naphthylbismuthine. 

The action of magnesium phenyl bromide and magnesium methyl 
iodide on tri-x-naphthylbismuthine dibromide yields tri-«-naphthyl- 
bismuthine, in the second case, without the addition of water. In 
the first case the reaction proceeds thus : 


(C,)H,),BiBr,-+-MgPhBr=(C,)H,),Bi+PhBr+MgBr,. 


Diphenyl does not appear to be formed in quantity much greater 
than that already present in the Grignard solution. 

It was of interest to determine whether this reducing action of 
"§ the Grignard reagent,* which is so frequently noticed in connexion 
with the dihaloids of the tellurides (Lederer, Ber., 1916, 49, 1615; 
1920, 53, [B], 713, 1674) and bismuthines, is also exerted on the 
corresponding arsenic and antimony compounds. We find that 
tiphenylarsine is produced from its dichloride and magnesium 
phenyl bromide or magnesium methyl iodide. Triphenylstibine 
dichloride is reduced to the stibine when treated with magnesium 
methyl iodide, possibly by way of SbPh,I,, since iodobenzene is 
also produced. 

The yield of triphenylbismuthine from mercury diphenyl and 
bismuth bromide is nearly quantitative and better than that 


'f obtained with the Grignard reagent (60 per cent.). The reaction 


* The metal or a lower haloid is also produced by the action of the Grignard 
reagent on salts of lead, copper, mercury(ous), thallium and chromium, whilst 
Hepworth (T., 1921, 119, 253) has shown that nitric esters similarly give rise 
'o traces of dialkylamines. 
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of mercury diphenyl with «-naphthyldibromobismuthine is, hoy. 
ever, most unexpected, mercury phenyl bromide, triphenylbismuth. 
ine, and mercury di-«-naphthyl being obtained. This recalls thy 
ease with which mercury phenyl bromide yields mercury diethy| 


and mercury dibenzyl with the appropriate Grignard reagent fi 


(Hilpert and Griittner, loc. cit.). 

In marked distinction to the behaviour of «-naphthyldibromo. 
bismuthine, tri-«-naphthylbismuthine dibromide does not reac 
with mercury diphenyl at room temperature. In boiling benzene, 
however, a somewhat complicated reaction occurs analogous with 
that of magnesium phenyl bromide, tri-«-naphthylbismuthine, 
mercury phenyl bromide, and bromobenzene being obtained, 
also triphenylbismuthine and mercury di-x-naphthyl in much smaller 
quantities. The last two compounds probably arise from the 
action of mercury dipheny] on traces of a-naphthylbromobismuthines 
arising from the decomposition of the dibromide (see p. 919). In 
agreement with this is the fact that only traces of «-bromonaph. 
thalene seem to be produced. Preliminary experiments have been 
made on the interaction of the aromatic bismuthines with the salts 
of other metals. With alcoholic silver nitrate, fine yellow or orange. 
yellow, crystalline precipitates are produced, which are probably 
similar to or identical with the AgNO,,2AgC,H, described by Krause 
and Schmitz (Ber., 1919, 52, [B], 2150). 

As these authors desire to continue the investigation of these 
products, we do not propose further to examine the silver compounds 
we have obtained. It appears, however, that in this case triphenyl- 
bismuthine can act as a phenylating agent, as has already been 
observed with mercuric chloride (Gillmeister, Ber., 1897, 30, 2844). 
Other reactions of this type are being investigated in conjunction 
with Mr. L. R. Ridgway. 

Bismuth chloride combines with benzenediazonium chloride to 
form a stable, well-crystallised additive product. Its behaviour 
with sodium hydroxide and similar reagents is under examination 
with a view to the possible production of the bismuth analogues 
of the arsinic and stibinic acids. 


EXPERIMENTAL. 


Action of Iodine Monochloride on Diphenyl-«-naphthylbismuthin. 


Diphenyl-«-naphthylbismuthine (0°8 gram) was treated with 026 
gram of iodine monochloride, both in chloroform—ether solution. 
A brown turbidity was produced, which disappeared on shaking, 
and, on standing, a colourless solid separated. On crystallisation 


insolub 

The | 
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soluble 
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chlorid 
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om chloroform-ether, this melted at 182° (diphenylchlorobis- 
muthine melts at 184—185°). 

The mother-liquor and washings were evaporated, separated from 

further small deposit with light petroleum, glacial acetic acid was 
added and the cooled solution treated with chlorine, when 0°15 gram 
of a-iodonaphthalene dichloride was obtained. 


Action of Cyanogen Iodide on Tri-«-naphthylbismuthine. 


Three grams of tri-«-naphthylbismuthine and 0°76 gram (1 mol.) 
of cyanogen iodide were boiled in 30 c.c. of dry chloroform for 
four hours. On adding ether, 1°2 grams of unchanged bismuthine 
were recovered. The mother-liquors, still smelling of cyanogen 
iodide, gave a brownish-yellow deposit, which on extraction with 
light petroleum and treatment with chlorine gave a very small 
quantity (less than 0°05 gram) of «-iodonaphthalene dichloride. 
The reaction occurs less readily than with triphenylbismuthine. 


Di-p-tolylchlorobismuthine and p-Tolyldichlorobismuthine. 


On mixing dry ethereal solutions of bismuth chloride and tri-p- 
tolylbismuthine, a turbidity was produced, and crystals gradually 
deposited. These were separated, washed with ether, dried, and 


recrystallised from chloroform-—ether (free from alcohol and specially 
dried), leaving a yellow substance (m. p. 207°) almost insoluble in 
chloroform. After four crystallisations, the main bulk melted 
constantly at 180°, and no further yellow product was obtained 
(Found: Cl=8°43; Bi=49°16. C,,H,,CIBi requires Cl=8-34; 
Bi=48°89 per cent.). 

Di-p-tolylchlorobismuthine forms colourless needles, m. p. 181°, 
moderately soluble in hot benzene and chloroform, and almost 
insoluble in ether and light petroleum. 

The yellow substance was crystallised from dry benzene (Found : 
(=18'80. C;H,Cl,Bi requires Cl=19:19 per cent.). p-7'olyldi- 
thlorobismuthine forms yellow needles, m. p. 206—207°, difficultly 
‘oluble in hot benzene and almost insoluble in other solvents. 

Both these compounds are decomposed by alcohol and moist 
‘olvents, and with hydrochloric acid give toluene and bismuth 
chloride. 


Action of Sodium on Diphenylbromobismuthine and «-Bromo- 
naphthalene. 


Diphenylbromobismuthine (m. p. 157°) (6°63 grams), «-bromo- 
waphthalene (3-1 grams) and sodium (0°35 gram) were heated with 
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benzene for about twenty hours, filtered hot, and the solvey 
evaporated. The residue solidified on cooling (m. p. 74—76°), and 
on recrystallisation from alcohol, was shown to consist of triphenyl. 
bismuthine. 
When diphenylchlorobismuthine, «-bromonaphthalene and sodiuy 
were heated in benzene, triphenylbismuthine was produced, as als 
a greyish-black solid insoluble in benzene, which contained bismuth 
but no organic matter, some of the bismuth being probably present 
as the metal (Challenger, T., 1916, 109, 250). ‘The method appear 
quite unsuitable for the preparation of a mixed bismuthine. 


Action of Copper Bronze on Phenyldibromobismuthine. 


A small quantity of phenyldibromobismuthine was boiled with 
dry benzene and copper bronze for three hours, the reaction con. 
mencing at the ordinary temperature. The black solution on 
concentration and treatment with alcohol deposited triphenyl. 
bismuthine, which after one crystallisation melted at 79°. The 
black colour was due to metallic bismuth, which was isolated from 
the residue, and not to the presence of organic compounds con. 
taining a high percentage of bismuth, analogous to the arsenic 
derivatives described by Fargher (T., 1920, 117, 865) or by Ehriich 
and Karrer (Ber., 1913, 46, 3564). Linkage of the bismuth atoms 
appears not to occur. 


Di-«-naphthylchlorobismuthine. 


Tri-«-naphthylbismuthine (3°54 grams) in the minimum quantity 
of cold dry chloroform (free from alcohol), was treated with 0% 
gram of bismuth chloride in ether-chloroform solution. After 
standing a few minutes, some bismuth oxychloride was precipitated 
and filtered off. The solution, on addition of more ether, gradually 
deposited a grey powder and a flocculent mass of yellow needles. 
These, after one crystallisation from chloroform-—ether, had a con- 
stant melting point of 168°. The mother-liquor from the original 
deposit yielded bismuth chloride and naphthalene (Found Bi= 
41°34; Cl=7°56. C. ,H,,CIBi requires Bi=41°81; Cl=7'14 per 
cent.). 

Other preparations similarly gave deposits of bismuth oxy- 
chloride, although every care was taken to have absolutely dry 
flasks and solvents, and in two cases unchanged tri-«-naphthyl- 
bismuthine and bismuth chloride were isolated, showing the com- 
parative difficulty with which the reaction occurs. 

Di-«-naphthylchlorobismuthine forms fine, yellow needles, moder: 
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ately soluble in dry benzene and chloroform, much less so in ether 
and light petroleum. It is extremely susceptible to traces of 
moisture, and even after keeping a short time in a closed vessel 
loses its yellow colour, and smells of naphthalene.* 


a-Naphthyldibromobismuthine. 


Bismuth bromide (1°5 grams; 1 mol.) in dry ether was added to 
39 grams (2 mols.) of tri-x-naphthylbismuthine in dry chloroform. 
After keeping, the mother-liquor was poured off, and the orange- 
coloured solid washed with ether. On crystallisation from benzene 
it melted at 208° (Found: Br=32°74. C,,H,Br,Bi requires Br= 
32:32 per cent.). 

The mother-liquor, on concentration, gave 1°95 grams of un- 
changed tri-«-naphthylbismuthine, further proof of the non- 
formation of di-«-naphthylbromobismuthine. 

Tri-z-naphthylbismuthine (2°95 grams; 1 mol.) in chloroform 
and 4'1 grams of bismuth bromide (2 mols.) in ether gave a deep 
orange, crystalline deposit, which was recrystallised from benzene 
(Found: Br=32°44; Bi=41-06. C,,H,Br,Bi requires Br=32°32 ; 
Bi=42°00 per cent.). 

a-Naphthyldibromobismuthine is a deep orange, crystalline solid 
melting and decomposing at 208°. It is difficultly soluble in benzene 
and almost insoluble in other solvents. 


Formation of «-Naphthyldibromobismuthine from T'ri-«-naphthyl- 
bismuthine Dibromide. 


Aquantity of dry tri-«-naphthylbismuthine dibromide was heated 
for half an hour at 100° in the absence of moisture, when it melted 
inthe course of a few minutes. The pasty mass, after being washed 
with dry ether to remove «-bromonaphthalene, was extracted with 
thloroform-ether, yielding tri-«-naphthylbismuthine, m. p. 230°. 
The residue was extracted with benzene, giving orange crystals, 
melting at 208°, and consisting of «-naphthyldibromobismuthine. 
The final residue was bismuth oxybromide. 


Preparation of Phenyldibromobismuthine. 


On adding 1-5 grams of triphenylbismuthine in ethereal solution 
030 grams of bismuth bromide in the same solvent, yellow crystals, 
u. p. 201°, were deposited, which on recrystallisation from dry 


hs Phenyldichlorostibine and phenyldi-iodostibine also decompose on keeping 
Schmidt, Annalen, 1920, 421, 219). 
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benzene melted at 202° (T., 1914, 105, 2216) (Found: Br=363 Acti 


C,H,;Br,Bi requires Br=35-93 per cent.). 


T'ri-m-tolylbismuthine. 


Bismuth chloride (23 grams) in ether was slowly added with fr. 
quent shaking to a solution prepared from magnesium (6 grams: 
3-3 atoms) and m-bromotoluene (39 grams; 3 mols.) in dry ether 
On the next day the solvent was removed, ice added, toluen 
removed in steam, and the filtered residue extracted with acetone, 
The solution deposited 9 grams of white needles, m. p. 56°, mixed 
with some oil which soon solidified. On crystallisation from acetone 
and finally from alcohol, these melted at 65° (Found: Bi=43-4, 
43-35. C,,H,,Bi requires Bi=43-25 per cent.). 


Action of Magnesium «-Naphihyl Bromide on Di-p-tolylchlorobis. 
muthine and of Magnesium Phenyl Bromide on Di-a-naphthyl- 
chlorobismuthine. 


(a) Di-p-tolylchlorobismuthine (1-7 grams) and the Grignan 
reagent (1-2 mols.) gave only tri-p-tolylbismuthine. 

(b) Di-«-naphthylchlorobismuthine (2-5 grams) and the Grignard 
reagent gave 1-6 grams of tri-c-naphthylbismuthine. 

In (a) the Grignard reagent was added to the halogen bismuthine, 
in (6) the reverse method was adopted, with no apparent reaction 
at the ordinary temperature in either case. After five hours on 
the water-bath the reaction seemed complete in (a) and almost s0 
in (6). The ether was evaporated, water added, and the filtered 
residues extracted with in (a) alcohol and (b) chloroform. The 
products obtained from these extracts did not depress the melting 
points of the respective bismuthines. 


Action of the Magnesium Derivative of p-lodo-m-xylene on Diphenyl- 
chlorobismuthine and Pi-p-tolylchlorobismuthine. 


(a) Diphenylchlorobismuthine (4 grams), magnesium (0-3 gram), 
and iodoxylene (2-8 grams) gave triphenylbismuthine. 

(6) Di-p-tolylchlorobismuthine (11 grams), magnesium (0 
gram), and iodoxylene (7-1 grams) gave tri-p-tolylbismuthine. 

The Grignard reagent was added to the halogen bismuthine. 
After three hours on the water-bath in (a) and twelve hours a 
room temperature in (6), the ether was removed, water added and 
the filtered residue containing much bismuth oxyhaloid (seemingly 
from unchanged halogen bismuthine) extracted with benzene 
alcohol. 
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363398 jction of Magnesium Phenyl Bromide and Magnesium p-Tolyl 


Bromide on «-Naphthyldibromobismuthine. 


(1) The dibromobismuthine (13 grams; 1 mol.) was added to 
9-5 mols. of magnesium phenyl bromide (1-59 grams of magnesium ; 
10:3 grams of bromobenzene). A vigorous reaction took place. 
The solid immediately disappeared and was gradually replaced by 
a yellow oil. The ether was evaporated, the residue decomposed 
by water, filtered, and extracted with benzene. Alcohol was added 
Bio the solution so obtained, giving a yellow oil, which slowly became 
semi-solid, and on washing with light petroleum gave crystals, 
m. p. 212—220° (1-3 grams). After three recrystallisations, these 
melted at 232°, and did not depress the melting point of tri-«- 
naphthylbismuthine. The alcohol—benzene solution deposited traces 
ofan oily solid, which on washing with light petroleum and recrystal- 
lising from alcohol melted at 115—116°, and did not depress the 
n, p. of diphenyl-«-naphthylbismuthine. 

(II) When a mixture of 25 grams of «-naphthyldibromobismuthine 
free from bismuth bromide) with magnesium phenyl bromide 
(6 mols.) was kept at room temperature for two weeks, the ether 
rmoved, and the residue, without further heating, distilled in 
team, more satisfactory results were obtained. Extraction with 
acetone and alternate crystallisation from chloroform—alcohol and 
ajueous alcohol gave triphenylbismuthine and diphenyl-«-naphthyl- 
bismuthine in almost equal amounts, about 4 grams. No tri-«- 
naphthylbismuthine or phenyldinaphthylbismuthine was isolated 
in this case. This seems to be the best method for preparing the 
nixed bismuthine. When the mixture was heated instead of 
maining at room temperature, the yield of this product was 
much smaller. 

(III) «-Naphthyldibromobismuthine (4 grams) and magnesium 
ptolyl bromide (about 3-5 mols.) were heated during four hours on 
-Bitle water-bath. The decanted ether yielded crystals, m. p. 222°, 
vhich on recrystallisation melted at 234—235°, and did not depress 
the m. p. of tri-x-naphthylbismuthine. A further quantity was 
dbtained from the insoluble residue. 


detion of Magnesium «-Naphthyl Bromide on Diphenylbromobis- 
muthine. 


Diphenylbromobismuthine (10 grams) and the Grignard reagent * 
2 mols.) were heated under reflux for some hours, the ether 
* Concentrated solutions of magnesium a-naphthyl bromide on keeping 


frequently deposit magnificent crystals, presumably of the etherate. These 
dissolve on warming. 


922 CHALLENGER AND ALLPRESS : 


was decanted, and without addition of water the residue extracted 
with light petroleum and then with chloroform. From the» 
solutions triphenylbismuthine, bismuth oxybromide, and _ some 
unchanged diphenylbromobismuthine were obtained. The mixed 
bismuthine was probably present, but in this case was not isolated 
from the viscous mass. 


Action of Magnesium Ethyl Bromide on Diphenylbromobismuthing, 


This was carried out as previously (T., 1914, 105, 2216), but 
after removal of the ether the residue was extracted with light 
petroleum without addition of water. ‘Triphenylbismuthine and 
the odour of an alkylbismuthine were produced and the extract 
deposited a yellow powder, which took fire explosively on heating 
in air, and was probably an oxidation product of triethylbismuthine. 


Action of Magnesium Phenyl Bromide on Tri-«-naphthylbismuthin 
Dibromide. 


(I) The dibromide (23 grams) was treated with the Grignar 
reagent (2 mols. ; 9°5 grams of bromobenzene, 1°5 grams of magnesium, 


and 70 c.c. of ether), when a vigorous reaction occurred, the yellov 
solid being replaced by a grey, granular precipitate. Ether (30 c.c; 
was then added, the mixture heated on the water-bath for five hours, 
the ether removed, ice added, and the mixture distilled with steam. 
The volatile product (6°5 grams) was twice fractionated, yielding 
2°7 grams of bromobenzene,* which boiled at 150—160° on redis 
tillation and was converted into p-bromonitrobenzene. Only traces 
of diphenyl were isolated. The residue (16°5 grams) after steam 
distillation was extracted with benzene, leaving 1 gram of inorganic 
matter and yielding 12 grams of almost pure tri-«-naphthylbis 
muthine. The benzene mother-liquor finally gave a friable solid 
which melted at about 95° and on extraction with alcohol appeareifi 
to contain traces of diphenyl-«-naphthylbismuthine. 
(Il) The dibromide (3°75 grams) and 1 mol. of the Grignarljj 
reagent showed no apparent reaction in the cold. After six hour 
on the water-bath the product was extracted twice with benzene #h 
The first extract yielded yellow crystals containing halogen, m. }. 
210°, after recrystallisation from chloroform-ether («-naphthy! 
dibromobismuthine). Unchanged dibromide was obtained from 
the second extraction. Similarly from the interaction of tripheny! 


* The absence of free bromobenzene in the standard Grignard solution 
employed was established by a blank experiment. 
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himuthine dichloride and magnesium phenyl bromide (1 mol.) 
ome dichloride was recovered unchanged. 


Action of Magnesium Methyl Iodide on Tri-a-naphthylbismuthine 
Dibromide. 


With 3-2 grams of the dibromide and 1-5 mols. of the Grignard 
reagent the ether boiled rapidly and a deep red product was formed. 
After an hour on the water-bath and removal of the ether, it was 
atracted with dry chloroform. The yellow solution on addition 
flight petroleum gave tri-«-naphthylbismuthine. 


Preparation of Triphenylbismuthine from Bismuth Bromide and 
Mercury Diphenyl. 


On mixing mercury diphenyl (3°5 grams; 3 mols.), bismuth 
bromide (1°5 grams), and dry ether (25 c.c.), reaction was immediate 
ad a flocculent, white precipitate was produced. After twelve 
hours the mixture was heated on the water-bath and filtered. The 
residue, mercury phenyl bromide, m. p. 273° (3°3 grams), was free 
fom mercuric bromide. The ethereal solution yielded 1°6 grams 
ofan oil, which quickly crystallised and was almost pure triphenyl- 


¢.)@bismuthine. The yield was quantitative. 


Blueraction of «-Naphthyldibromobismuthine and Mercury Diphenyl. 


The di’romobismuthine (18-5 grams, free from bismuth bromide) 
‘ud mercury diphenyl (27°4 grams; 2 mols.) reacted very quickly 
vhen suspended in cold dry ether (60 c.c.), the yellow colour dis- 
appearing. On the next day dry benzene was added, the pre- 
ipitate (28 grams) separated, and extracted twice with benzene. 
he residue (23 grams) was mercury phenyl bromide. The united 
xtracts and filtrate gave an oil from which benzene and light 
‘troleum separated a solid (A), m. p. 125—128°. The evaporated 
litrate slowly solidified (10 grams). On solution in chloroform- 
ohol a crystalline deposit (B), m. p. 67°, was obtained, from 
hich similar treatment removed a white solid, m. p. 240°, which 
”s free from bismuth and halogen, and gave naphthalene and 
"#etcuric chloride with hot hydrochloric acid. After recrystallisa- 
ion from chloroform, it did not depress the m. p. of mercury 
"@«-naphthyl (241°). Further quantities were obtained from the 
itemediate fractions, which also contained some naphthalene 
id probably a certain amount of unchanged mercury ciphenyl. 
Qn concentration of the mother-liquor from B, and repeated 
VOL, CXIX. KK 
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fractionation of the residue from dilute alcohol, a few grams o 
pure triphenylbismuthine were obtained and also about 0:2 gran 
of a crystalline bismuth compound, m. p. 95—100°, which wa 
possibly crude diphenyl-«-naphthylbismuthine. A_ repetition of 
this reaction gave similar results. 


Interaction of Tri-«-naphthylbismuthine Dibromide and Mercury 
Diphenyl. 


The dibromide (22°1 grams), mercury diphenyl (20°8 grams; 
2 mols.), and dry ether (50 c.c.) were well shaken, but after a 
week the mixture was still unchanged. This is in marked con. 
trast with the behaviour of «-naphthyldibromobismuthine. The 
ether was then evaporated, dry benzene added, and the mixtur 
boiled for two and a half hours. The yellow solid disappeared 
and 7°7 grams of mercury phenyl bromide (m. p. 275°) were deposited. 
The filtrate yielded 9°4 grams of a solid, m. p. about 200° (not 
sharp). After two extractions with acetone, to remove mercury 
diphenyl, and recrystallisation from benzene, this had m. p. 233— 
234° and did not depress the m. p. of tri-«-naphthylbismuthine. 

The main benzene filtrate was evaporated, diluted with light 
petroleum, the deposit (m. p. 115—180°) extracted with acetone 
and recrystallised from benzene, yielding mercury di-«-naphthy], 
m. p. 243°. The intermediate fractions contained mercury phenyl 
bromide. Concentration of the mother-liquors and treatment with 
light petroleum gave a solid (A) and an oil (B), from which by 
steam distillation about a gram of bromobenzene was isolated and 
converted into p-bromonitrobenzene. The non-volatile residue 
smelled very faintly of «-bromonaphthalene and on repeated 
fractionation from alcohol yielded 0°4 gram of pure tripheny!- 
bismuthine. The deposit A, after laborious treatment with variow 
solvents, gave about 0°5 gram of impure diphenyl-«-naphthy! 
bismuthine. 


Action of Magnesium Methyl Iodide and Magnesium Phenyl Bromide 
on Triphenylarsine Dichloride. 


(I) With the dichloride (3 grams) and magnesium methy] iodide 
(2 mols.) a red oil was deposited. After some hours the ether wa 
evaporated, water added (which destroyed the red colour), and the 
mixture filtered. The residue (1‘2 grams) on crystallisation from 
alcohol melted at 60° and was triphenylarsine. The aqueous liqué 
deposited colourless plates free from halogen, m. p. about il6 
on rapid heating, but 200°, sintering from 113°, on slow heating 


ercury 


Tams; 
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these are the properties of triphenylarsine dihydroxide (Phillips, 
Ber., 1886, 19, 1032). 

(II) With magnesium phenyl bromide (2-5 mols.) and the dichloride 
(13 grams) suspended in dry ether, a vigorous reaction occurred 
and a granular precipitate was formed. After four hours on the 
water-bath the mixture was distilled with steam, the residue filtered, 
and extracted with alcohol, whereby 6°6 grams of triphenylarsine, 
m. p. 57—59°, were obtained. 

The use of 1-5 mols. of the Grignard reagent also gave triphenyl- 
arsine. 


Action of Magnesium Methyl Iodide and Magnesium Phenyl Bromide 
on Triphenylstibine Dichloride. 


Twelve grams of the dichloride were covered with dry ether and 
magnesium methyl iodide (2-5 mols.) was slowly added. A violent 
efervescence occurred and a light brown, pasty mass separated, 
which with more Grignard reagent became white and almost 
disappeared. After four hours on a water-bath, distillation with 
steam yielded iodobenzene, from which at least two grams of the 
iodo-dichloride were isolated. Extraction of the non-volatile 
residue with alcohol yielded 4°4 grams of triphenylstibine (m. p. 
jl—52°), which was characterised by conversion into the dibromide. 
The alcoholic mother-liquor gave about 0°1 gram of a pink, viscous 
rsidue, which crystallised from water or aqueous alcohol in colour- 
kss needles, m. p. 205—210°, decomposing at about 225°, giving a 
rdsublimate. The production of this substance, possibly a stibon- 
ium derivative, is of interest, and the reaction is being investigated 
further. 

With 1-5 mols. of the Grignard reagent in the cold no stibine 
would be isolated on addition of water, the product consisting of 


‘B bydroxyhaloids of triphenylstibine, yielding the dichloride with 


concentrated hydrochloric acid. 


Estimation of Halogen in Derivatives of the Types BiRX, and BiR,X. 


02 to 0°3 Gram of the substance is decomposed by warming 
with alcoholic ammonia for half an hour. The halogen is then 
Mecipitated by silver nitrate solution acidified with nitric acid. 


‘Bite method was tested on diphenylchlorobismuthine (Found : 


(=8'97, 8°88. Calce., Cl=8-97 per cent.). 


The authors desire to express their thanks to the Research Fund 
the Chemical Society for a grant in aid of this investigation, 
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CIII.—Some Factors Governing the Sorptive Capacity § tor th 
of Charcoal. Sorption of Ammonia by Cocoa-nut ff the te 
Charcoal. mee 


Wit 

By JAMES BRIERLEY FIrrH. case 0 

the d 

IN a previous paper (Firth, Zeitsch. physikal. Chem., 1914, 86, 30), ro : 


the author pointed out the great difference in activity of the cocoa. to 28% 
nut charcoals used by various experimenters, even although the The 
methods of preparation and treatment were very similar. Thus, 
in the case of the sorption of hydrogen at liquid-air temperatures, 3:1, 
Travers (Proc. Roy. Soc., 1906, 78, 9) obtained the values 7°3 c.c. 
at 12 mm. and 16°7 c.c. at 248 mm.; McBain (Phil. Mag., 1909, aor 
[vi], 18, 916), 23°5 ¢.c. at 10 mm.; Firth (loc. cit.), 30 c.c. at and 7 
12 mm. and 78 c.c. at 241 mm. per gram of charcoal in each case. 
This wide difference in activity of the charcoals required further 4 7, 
investigation, and it was with the object of determining some of 
the factors which govern the activity that the present investigation 
was undertaken. The 
The earlier belief was that the most active charcoal was obtained 
by carbonising at as low a temperature as possible with the The 
minimum amount of heating. Hunter (Phil. Mag., 1863, [iv], 25, 
365) observed that different samples of similarly prepared charcoals 
had different activities, which he explains thus: ‘ The variations 
in the amount of absorption are probably due in part to the slight entra 
' differences which must exist in the pores of different pieces of the fi; f 
same charcoal and also to unavoidable differences in the heating 5.44, 
of the charcoals in each experiment. value. 
“In order to determine the effect of long-continued heat on the nie 
absorbing power of the charcoal I kept a piece of boxwood charcoal ns ws 
at a strong red heat for upwards of an hour, after which its absorption red. he 
for ammonia was found to be 79, while in the ordinary way it was 8). Hf 4), 


, 307), 
cocoa- 
th the 
Thus, 
utures, 
3 c.. 
1909, 
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Travers (loc. cit.) states that “‘if the charcoal has been too 
strongly heated, it loses its power of absorbing colouring matters 
and, indeed, substances generally either in the gaseous state or in 
lution, and this may be explained by the fact that the action 
of heat results either in the partial conversion of the carbon into 
amore stable crystalline phase, into which substances diffuse less 
readily, or in causing it to become more compact, in which case 
the surface is limited and each ‘ diffusion column ’ becomes longer.” 
If this statement is correct, it will be highly probable that such 
a partial conversion will involve a change in the density of the 
charcoal, and one may reasonably look for a continuous change in 
activity with change in density. Hence the first experiments had 
for their object the determination of the relation (if any) between 
the temperature at which the charcoal had been heated, the dura- 
tion of heating, the change in density, and the activity. 

Winter and Baker (T., 1920, 117, 320) have shown that, in the 
case of sugar-carbon which has been heated for forty hours at 900°, 
the density increases from 1°76—1-84, and by the same treatment 
the amount of sulphur dioxide ‘‘ absorbed ” increases from 97 c.c. 
to 288 ¢.c. 

The charcoal used in the present investigation was obtained 
from cocoa-nut shell. The gas chosen was ammonia, since it can 
readily be obtained pure, and the amount sorbed is considerable. 
Saussure (Ann. Physik [Gilbert], 1814, 47, 112) found that beech- 
wood charcoal sorbed ninety times its volume of ammonia at 12° 
and 724mm. Hunter (Phil. Mag., 1865, [iv], 29, 116) found that 
cocoa-nut-shell charcoal sorbed 171°7 volumes of ammonia at 0° 
and 760 mm. 


EXPERIMENTAL. 


The essential part of the apparatus was the same as that already 
described in the case of the sorption of hydrogen (Firth, loc. cit.). 

The carbon was prepared by carbonising cocoa-nut shell at as 
lbw a temperature as possible. The carbon obtained was exceed- 
ingly hard and dense and difficult to powder, and gave 0°91 per 
ent. of ash. It was then digested several times with hot, con- 
centrated hydrochloric acid, boiled with distilled water, and washed 
fee from chloride. The percentage of ash was now 0°39, and 
futher treatment of the charcoal did not appreciably reduce this 
value. The carbon was then finely powdered and sieved. The 
immonia was prepared from concentrated ammonia solution. The 
ga was passed through a hard glass tube, containing lime at a 
td heat, into pure hydrochloric acid, whereby pure ammonium 
thlotide was obtained. This was heated with a solution of sodium 
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hydroxide and the resulting ammonia passed through large tower, 
containing calcium oxide and solid potassium hydroxide, into , 
large bulb, which served as a reservoir. Measurements were made 
at three temperatures, 18°, 0°, and —20°. The temperature —) 
was obtained by stirring solid carbon dioxide into a bath of alcohol 
contained in a vacuum vessel, this being further protected by su. 
rounding it with a box packed with cotton-wool. Solid carbon 
dioxide was added in small quantities from time to time. 

The charcoal was heated at different temperatures for various 
periods. After each heating, the density was determined and then 
the sorptive capacity at each of the three temperatures, 18°, 0, 
and —20°. The temperature at which the charcoal was heated 
was approximately determined by means of a pyrometer. 

No matter what the previous treatment of the charcoal may 
have been, when transferred to the sorption apparatus it was 
invariably heated at a dull red heat in a vacuum for two hour, 
allowed to cool to the temperature of the bath, and then ammonia 
admitted. 

At 0° and at —20°, the sorption was very rapid during the first 
few minutes, whereas at 18°, after the initial exposure, the sorption 
was more gradual. In all cases the sorption became extremely 
slow after the first hour, being complete in about thirty-six hours. 

The volumes given refer to one gram of the charcoal in each 
case and are corrected to N.T.P. 


First Series. 
Charcoal heated at 600°. 


Period of C.c. of gas sorbed per gram of charcoal. 
heating. 2 
Hours. Density. 18°. 
6 1-685 73°7 ] 
12 1-688 91-4 9°: 1 
24 1-691 103°8 ‘ 1 
48 1-708 131-6 1 


— 20° 
38° 
57° 
72° 


It is evident from these experiments that continued heating has 
considerably increased the activity of the charcoal, whilst the 
density has been slightly increased. 


Second Series. 
Charcoal heated at about 875—900°. 


Period of C.c. of gas sorbed per gram of charcoal. 
heating. : 
Hours. Density. 18°. 0°. — 20°. 

143°8 188°4 221°7 
173°8 223°6 269°8 
203°1 256°3 298°4 
211°7 268°3 3178 
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Heating at 900° has produced a further increase in sorptive 
apacity, and at the same time the density has been appreciably 
increased. 

A portion of the charcoal which had been heated at 900° for 
forty-eight hours and had D 1°825 was set aside for three months 
ina stoppered bottle, after which period its sorptive capacity was 
determined (it was heated at 600° in a vacuum for two hours 
before exposure to ammonia, as in previous experiments), with 
the following results : 

18°, 185°5 c.c.; 0°, 254°2 c.c.; —20°, 303°1 c.c. 

A quantity of charcoal was heated at 875—900° for seven days, 
with the result that the density increased to 1°985, and the sorption 
values were : 

18°, 193°2 c.c.; 0°, 249°6 c.c.; —20°, 302°1 c.c. 


Third Series. 
Charcoal heated at about 1050°. 


Period of 
heating. 
Hours. Density. 18°. 0°. 
3 1-782 3 230°2 
1 230°5 
5 207°9 


12 1914 5° 
24 2-116 53° 


The experiments show that charcoal can be considerably activated 
by prolonged heating. At 600°, a considerable increase in the 
amount of gas sorbed is obtained without a very great change in 
the density. At 900°, a much greater increase is obtained, which 
is coincident with an appreciable increase of density. Further 
experiments show that increase of density does not necessarily 
mean increased activity. It would appear from the results that 
prolonged heating at 900°, or heating at higher temperatures, tends 
to convert the carbon into a denser form with diminished sorptive 
capacity, and that the observed density is merely an average 
value dependent on the proportion of each form. Hence increase 
of density may result in diminished activity. Further, when the 
charcoal is rapidly brought to a high temperature (above 1000°), 
4 portion of the carbon may be converted into the denser form, 
whilst the bulk of the carbon has not materially changed. In this 
tase the density may coincide with that of a carbon which has 
been heated, not so strongly, but for a longer period; yet the two 
forms would have very different sorptive capacities (compare series 
land IIT). Hence density cannot be regarded as the criterion 
of activity. 
K k* 
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It would appear also from the results that the activity of the 
carbon deteriorates with time. The results in general show that 
it is necessary to know the history of a charcoal, and a record of 
the density of the carbons used would make the results obtained 
by various experimenters more comparable, particularly in cases 
where the carbon has not been too strongly heated and conse. 
quently the formation or presence of the denser carbon is not very 
probable. 
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Determination of Equilibrium Pressures. 


The equilibrium pressures at 18°, 0°, and —20° were determined. 
The carbon used in these experiments had D 1°825, and was 
obtained by heating the charcoal at about 900° for forty-eight 
hours, being a portion of the sample used in series II above. 
Successive volumes of ammonia were admitted into the apparatus 
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until equilibrium was established. The results are set out in the 
following table and are shown graphically in Fig. 1. 


18°. 0°. — 20°. 

Cec. of NH C.c. of NH, C.c. of NH, 

pergram Tressure per gram Pressure per gram Pressure 

ofcharcoal. in mm. of charcoal. in mm. of charcoal. in mm. 
10°5 3°8 21:2 35°8 
26:2 11°5 43°6 65°3 
56°1 29°38 79°2 91-2 
811 59-2 111°5 120°6 
102°5 131°3 153°1 150°3 
142°3 332°5 190°6 214:0 
170:2 464°2 220°2 251°3 
191°2 586°1 244°6 293°0 
205°2 674°8 265°1 309-0 
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In the case of the isothermals at 0° and —20°, the lower portion 
of the curve indicates that a considerable increase in the volume 
of the gas sorbed makes only a small change in the equilibrium 
pressure, but after a certain point the conditions are reversed and 
a small change in the volume of the ammonia in the charcoal 
considerably increases the equilibrium pressure. This becomes 
more pronounced with lowering of temperature. The curves are 
very similar in character to those given by Travers (Proc. Roy. 
Soe., 1906, 78, 15) for carbon dioxide. 


Summary. 


Cocoa-nut charcoal carbonised at as low a temperature as pos- 
sible and then heated at 600—900° increases considerably in activity 
within certain limits. 

The density is also increased by the same treatment. 

When the charcoal has been strongly heated, the density increases, 
but the activity diminishes. This is due to the formation of a 
more compact form of carbon of higher density but of diminished 
sorptive capacity. 

The equilibrium pressures at 18°, 0°, and —20° have been 
recorded. 


Tat CHEMIcat, DEPARTMENT, 
University Cottecr, NorrinGHAM. [Received, April 7th, 1921.] 
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CIV.—A Colloid Theory of the Corrosion and Passivit 
of Iron, and of the Oxidation of Ferrous Salts, 


By Joun ALBERT NEWTON FRIEND. 


AmoncG the numerous theories that have been advanced to account 
for the corrosion of iron, two, only, merit serious consideration. 
According to Whitney (J. Amer. Chem. Soc., 1903, 25, 394), pure 
iron will corrode in contact with pure liquid water and oxygen, 
because the water is slightly ionised. It is assumed that the ir 
passes into solution as iron ions, an equivalent quantity of fre 
hydrogen being liberated. Thus: 


Fe+2H*+20H’ => Fe’+20H’+H,. 


Ferrous hydroxide thus virtually exists in solution, and under. 
goes rapid oxidation in contact with gaseous oxygen to form 
rust. 

According to the second and older theory, pure iron will not 
corrode under the above conditions, perfectly pure water not being 
regarded as an electrolyte. The presence of a fourth substance, 
an electrolyte, is regarded as essential. This theory has received 
strong support from the researches of Moody (T., 1906, 89, 720) 
and the present author (see Friend, ‘‘ The Corrosion of Iron and 
Steel,” 1911, where a summary of the various researches is given). 
It also harmonises with the remarkable fact that as the methods 
of preparing pure substances become increasingly refined, the 
number of reactions known to occur between impure reagents, 
but not between them when in a state of high purity, is steadily 
increasing. 

Owing to the fact, known to Berzelius, that alkalis tend to inhibit 
corrosion, it was originally assumed that the electrolyte necessary 
to stimulate corrosion must be a free acid. In most cases of atmo- 
spheric corrosion carbonic acid was regarded as the active agent, 
as was first clearly stated by Calvert (Chem. News, 1871, 23, %; 
Friend, ibid., 1911, 103, 138). The fact, however, that weakly 
alkaline solutions of many salts readily induce corrosion disposes 
of the idea that the acid must necessarily be present in the free 
state. 

Whatever the electrolyte may be, the final result is the same, 
that the iron passes into solution as a ferrous compound, undergoes 
oxidation, and is finally precipitated as rust. 

Unfortunately, Whitney’s theory is frequently termed the 
“ electrolytic ” theory of corrosion; this is misleading and has 
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kd to much confusion, because by implication the second theory 
isnot to be regarded as electrolytic. As we have seen, however, 
th theories are capable of electrolytic interpretation. The 
jiference between the two theories, however, is more apparent 
han real, inasmuch as the absolutely pure substances are practically 
mobtainable, so that iron invariably rusts in contact with distilled 
yater and air. 

For some eleven years the author has realised that neither of the 


‘Pioregoing theories is in itself sufficient to account for all the pheno- 


nena attendant upon the corrosion of iron. The object of the 
present communication is to direct attention to a few important 
ibservations which cannot be explained by any known theory, and 
to suggest a new theory which appears to account for the facts 
inareasonable manner. 


The Corrosion of Iron in Moving Water. 


In 1910, Heyn and Bauer (Mitt. kénigl. Materialpriifungsamt, 
1910, 28, 62) directed attention to the fact that, whilst a gentle 
movement of the water in which iron is immersed tends to accelerate 
geatly the rate of corrosion, a maximum effect is soon reached, 
after which a further increase in the velocity of the water causes a 
marked falling off in the rate of corrosion. The method of experi- 
ment consisted in causing water to flow rapidly through a glass 
tube into a beaker of 600 c.c. capacity in which two mild steel 
jlates were suspended from a glass rod. The plates were separately 
weighed before and after the experiments, which lasted twenty-one 
days, the loss in weight caused by removal of the rust prior to the 
inal weighing being taken as a measure of the corrosion. This 
method did not permit of the attainment of very high velocities, 
the maximum being 350 litres per hour, corresponding approxi- 
nately with a rate of flow across the surface of the metals of 1/20 
mile per hour. 

It seemed of interest to determine whether or not by greatly 
increasing the velocity of the water corrosion could be inhibited 
entirely. A strip of Kahlbaum’s pure electrolytic foil was fixed, 
by means of a thin platinum wire, in a glass tube about 30 cm. 
lng and 0-8 cm. internal diameter, joined by wired pressure tubing 
‘0a water-main tap. The foil measured 3x0°5 sq. cm. in area 
and weighed approximately 0°35 gram. It was possible to cause 
the water to pass over the surface of the metal at any velocity 
ip to 6 miles per hour, and to keep the surface of the metal 


a observation during the whole time. The results were as 
ollow ; 
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TABLE [. 


Loss in 
Duration Velocity weight of 
of the experi- of the water the iron 
ment. in per hour. 
feet /hour. Mg. Remarks, 


0 0-082 Rust 
540 0°188 - 
570 0-177 9 
4,200 0-054 Thin streams of rust 
9,000 0-029 Traces of rust 
13,000 0:032 ~~ eo 
30,000 0°045 No corrosion 


It is thus evident that, if the velocity of the water is increased 
sufficiently, no corrosion of the metal, in the ordinary acceptation 
of the term, will take place. At very high velocities, the loss in 
weight shows a slight increase, due probably to mechanical erosion. 
The experiment was varied by introducing a small filter-pump 
between the water-main tap and the glass tube, so that varying 
amounts of air could be drawn into the tube. The surface of the 
metal was thus swept with water, milky with minute bubbles of 
air. The results were as follow : 


TABLE II. 


Duration Velocity of Loss in 
of the experi- __ the air-+- weight of the 
ment. water in iron per hour. 
Hours. feet /hour. Mg. Remarks. 


0°034 Rust 

0°075 - 

0°044 Slight rust 

0°022 ” ” 

0-033 Trace of rust in contact 
with the glass 


In this series of experiments the difficulty lay in preventing 
bubbles of air from clinging to the metal at points of contact with 
the platinum wire or glass support, causing local corrosion. Apart 
from the effects of this, the results of the two series are substantially 
the same, showing that the freedom from rust is not due to shortage 
of oxygen. 

Now, when rapidly moving iron is exposed to the action of dilute 
sulphuric acid, the rate of solution of the metal appears to be pr 
portional to the velocity, even when the latter reaches the high 
value of from 30 to 40 miles an hour (unpublished experiments by 
Mr. J. H. Dennett, B.Sc., and the author). It appears, therefore, 
that the corrosion of iron in neutral solution is a different problem 
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from the dissolution of the metal in an acid. That such is the 
case will be made evident later. 

These results, which were obtained with Worcester City tap water, 
appeared so remarkable that the author requested his friend, 
Dr. W. H. Hatfield of the Brown Firth Research Laboratory, 
Sheffield, to repeat the experiments with Sheffield water. This was 
the more desirable as Worcester water, which is drawn from the 
Severn, usually contains an abnormal amount of dissolved salts, 
notably sodium chloride, consequent upon the proximity of the 
Droitwich Salt Works and Brine Baths. Although the presence 
of this salt might be expected to enhance the corrosive action of 
the water, it was still possible that some other impurity was causing 
it to behave in an unusual manner. Repetition of the experiments 
with distilled water was clearly impossible in view of the enormous 
quantities required. The following is Dr. Hatfield’s report. 

“The samples of foil were polished to 000 emery paper and sus- 
pended by platinum wire in a glass tube of suitable diameter, as 
suggested. The period of test was forty-eight hours in each case. 
The temperature of the water was constant at 8° during the whole 
test. In the test with water at high velocity the rate of flow varied 
with a minimum of 2°02 miles per hour (during the day) to a maxi- 
mum of 5°17 miles per hour (during the night). In the test with 
water at low velocity the rate of flow varied from 1/10 to 1/8 mile 
per hour.” 

The results were as follow : 

(I) With water at high velocity, no rust formed. Loss in weight= 
00013 gram or 0°014 gram per sq. dem. 

(If) With water at low velocity, definite corrosion took place. 
Loss in weight—0°0080 gram or 0°109 gram per sq. dem. 

These results confirm those of the present author. 

The foregoing method, however, possesses many disadvantages 
in manipulation. The amount of iron taken is necessarily small, 
0 that any alterations in weight are only measurable with a rela- 
tively high percentage error. Further, neither the temperature 
nor the composition of the water can be controlled. 

It was thought that further light might be thrown on these 
remarkable results by determining the potential difference between 
iron and platinum wires immersed in dilute solutions of electrolytes 
both at rest and in motion. In order to avoid any possible purely 
thermal effects, the iron and platinum wires were kept stationary 
and attached either to a galvanometer or a millivoltmeter, and the 
vessel containing the solution was rotated. Slight movement 
caused a rise in the potential difference, but a maximum was soon 
attained, after which further increase in velocity caused the P.D. 
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to fall to a practically constant value almost uninfluenced by the 
application of still higher velocities. When expressed as a P.)- 
velocity curve, the results were found closely to resemble the 
corrosion—velocity curve drawn from the data in Table I. 

For reasons which will appear later, the constant P.D. at high 
velocity probably represents the true solution P.D. between iron 
and platinum in the electrolyte. 

Since the rapidly moving water inhibits corrosion, it would 
appear that it sweeps away from the surface of the metal some 
catalyst which assists the metal to corrode, and in the absence of 
which the metal simply dissolves in the liquid ionically with such 
small velocity that it is almost “ passive.’ This catalyst must be 
derived from the iron, and the author believes it to be the hydrosol 
of iron hydroxide. 

It is therefore suggested that : 

1. Iron is “‘noble”’ or passive towards distilled water in the 
absence of a catalyst and passes into solution, but only with extreme 
slowness, owing to the traces of electrolytes that are present. 

2. The dissolved iron is probably at first present in a more or 
less completely ionised ferrous condition, but is rapidly converted 
into the sol of ferrous hydroxide. 

3. This sol then undergoes oxidation by dissolved oxygen into 
the sol of a higher hydroxide, ferric hydroxide sol being formed 
under the most favourable conditions, and probably ferroso-ferric 
hydroxide sol when the supply of oxygen is limited. 

4. The higher hydroxide sol now acts catalytically by oxidising 
metallic iron with relative rapidity and simultaneously undergoing 
reduction to a lower hydroxide sol, only to be oxidised again as 
oxygen from the air diffuses towards it. This is quite in harmony 
with the known catalytic activity of ferric hydroxide and with the 
observation that “nascent ’”’ ferrous hydroxide is a more powerful 
reducing agent than the precipitated compound (Baudisch, Ber., 
1921, 54, [B], 406). 

If this theory is correct, it will be evident that the rate of corrosion 
of iron must be dependent upon sol formation. If, therefore, the 
sol is removed from contact with the iron as rapidly as it is formed, 
as, for example, with flowing water, corrosion must be inhibited. 
The same retardation will clearly be effected if the colloid is coagu- 
lated either by physical, including electrical, processes or by 
chemical precipitants. 

A ready means of testing the theory therefore lies in determining 
whether or not the phenomena of corrosion are influenced by such 
factors as affect the formation, stability and precipitation, not 
merely of colloids in general, but of electropositive colloids im 
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particular, since metallic hydroxide sols are usually positive in 
character. 


Influence of Dissolved Electrolytes upon Corrosion. 


The addition of small quantities of many salts greatly enhances 
the corrosive action of water upon iron, a maximum effect being 
reached at what is termed the “ critical concentration ” (Heyn and 
Bauer, loc. cit., 1908, 26, 1). Further addition of the electrolyte 
tends to reduce the corrosion, which may fall to nil at the “ limiting 
concentration.”” In most cases, however, saturation is reached 
before the limiting concentration, which therefore becomes a hypo- 
thetical value; it may be determined approximately by extra- 
polation from the concentration—corrosion curve, and is sometimes 
of use. 

Adie (Min. Proc. Inst. Civil Eng., 1845, 4, 323) explained the 
fall in corrosion in the case of brine on the ground of the reduced 
solubility of oxygen in the solution. This theory received support 
from the later work of Walker and his co-workers (J. Amer. Chem. 
Soc., 1907, 29, 1251), who showed that the rate of corrosion of iron 
is proportional to the concentration of the dissolved oxygen. 

During 1911—1915'the results were published of several series of 
investigations into the corrosive action of many common salt solu- 
tions upon iron at various temperatures. From a study of these 
(friend and Brown, T., 1911, 99, 1302; J. Iron Steel Inst., 1911, I, 
15; Friend and Barnet, ibid., 1915, I, 336; Friend, ibid., Carnegie 
Scholl. Mem., 1911, III) it is at once evident that, although the 
reduced oxygen solubility is an important factor, it cannot be the 
oly one, inasmuch as the diminution in corrosion is usually very 
much greater than the theory requires. Thus, for example, the 
lative corrosions of iron (as measured by loss in weight) in distilled 
water and in saturated potassium sulphate solution at 15° were, 
ina particular experiment, 100 and 14 respectively, whilst the 
lative solubilities of oxygen in these liquids are 100 and 67:3. 

It so happens that all the concentrations employed in these 
searches were expressed as grams per litre, with the result that 
everal remarkable features were overlooked. If, however, the 
‘oncentrations are converted into gram-anions per litre and corro- 
‘on-concentration curves drawn for different salts at comparable 
‘peratures, as in Fig. 1, the corrosion of iron in distilled water 
ing taken as 100 and all other corrosions being expressed relatively 
thereto, several points of very great interest become apparent. 
ltis seen that the action of the electrolytes is mainly influenced by 
the character of the anions. Whilst very small concentrations of 
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dichromates entirely inhibit the corrosion of iron, large quantities 
of the chlorides and nitrates are required to produce an appreciabk 
diminution of corrosion. The sulphates lie intermediately, smal 
quantities effecting a marked diminution in corrosion, although not 
entirely inhibiting it. 

These results bear a striking resemblance to those obtained by 
Hardy (Proc. Roy. Soc., 1900, 66, 95, 110; Zeitsch. physikal. Chen. 
1900, 37, 385), Freundlich (ibid., 1903, 44, 144), and Linder and 
Picton (T., 1905, 87, 1906) on the precipitating effect of thes 
salts upon ferric hydroxide hydrosol. Thus all these investigators 


Fic. 1. 


Na Cl al 16* 


¢ 
3 
3 
) 


Gram-anions per litre. 


found that, as a general rule, smaller quantities of bivalent than 
of univalent anions were required to precipitate their sols, the order 
of precipitation (that is, the inverse of the concentrations or the 
relative coagulating powers) being as follows (Linder and Picton, 


loc. cit.) : 
Relative 
coagulating 
power. 
Chlorides and nitrates (about equal) 
Sulphates 
Chromates and dichromates 


This is in excellent agreement with the general slopes of the 
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observed that the concentration of barium chloride required to 
precipitate his sol lay intermediately between that of sodium 
chloride and potassium sulphate—a result showing an interesting 
parallel to that in the figure. 

These observations are regarded by the author as strongly sup- 
porting his colloid theory of corrosion. The initial rise in corrosion 
on addition of a small quantity of a salt is due to the increased 
slvent action of the liquid. As the concentration increases, the 
eect of the enhanced solubility is counteracted, not only by the 
reduced solubility of oxygen, but also by the precipitation of the 
catalysing sol, with the result that the corrosion reaches a maximum 
and then begins to fall. 


Influence of Protective Colloids. 


It is well known that protective colloids exert a marked retarding 
influence upon the catalytic activities of suspensoid colloids. This 
has been studied more particularly in connexion with the decom- 
position of hydrogen peroxide by colloidal platinum. Assuming 
the colloid theory of corrosion to be correct, a general similarity 
should exist between this phenomenon and the rate of corrosion 
in the presence of protective colloids. This has been found to be 


the case. 

1. Different protective colloids exert very varying inhibiting 
influences upon the rate of corrosion of iron, as is evident from a 
consideration of the results in columns 2, 3, and 4 of Table III. 
These results were obtained by determining the losses in weight 
sustained by small plates of Kahlbaum’s foil after immersion for 
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sixteen days in 0:2 per cent. solutions of the various colloids jy 
water, at a mean temperature of 10°. The experiments wer 
carried out in duplicate. In column 4 the mean loss in weigh 
of the irons in water is taken as 100, the losses in the other solutions 
being expressed relatively thereto. 

In column 6 are given Iredale’s results for the inhibiting action 
of 0°01 per cent. solutions of the same colloids upon the rate of 
decomposition of hydrogen peroxide by colloidal platinum (Iredale. 
this vol., p. 109. Also Groh, Zeitsch. physikal. Chem., 1914, 88, 
414). It will be observed that a very close similarity exists between 
the two series of results. The only exception is gelatin, and reference 
to this will be made later. 

In column 5 are given what may be termed the protection factor 
of the colloids, obtained as follows : 


100 


Protection factor = .—.—__._—____. 
Relative corrosion 


Both Groh and Iredale have pointed out that the inhibiting 
action of protective colloids increases in general with the protective 
properties of the same, although there appears to be no precise 
mathematical relation between the two. A general similarity, 
however, can be traced between Zsigmondy’s gold numbers (given 


in column 7 of Table IIT) and the inhibitive action. 

It is not at all improbable that the inhibiting action is directly 
proportional to the protective power of a colloid, and any dis- 
crepancies in the above table may be explained as follows : 

(1) The colloids are natural substances, and different samples 
vary considerably. Since the same specimens could not be used 
by the three above-named investigators, some differences are to 
be expected. This is particularly the case with gum acacia (arabic), 
which is one exhibiting exceptional behaviour, for this commercial 
product is frequently a mixture of several varieties, possessing 
different properties. Zsigmondy obtained values ranging from 
0'1 to 4 for the gold numbers of different samples of this gum 
(loc. cit.). 

(2) The concentrations of the colloids were different in the 
several series. As shown later, the concentration—inhibition curves 
for colloids are not always straight lines, so that the relative values 
may vary with the concentration. 

(3) Zsigmondy’s gold numbers represent the various concentra- 
tions of colloids possessing equal protective power, and this is not 
necessarily the same problem as the relative protective powers 
at a given concentration. 

(4) The corrosion experiments must necessarily be extended ovet 
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at least ten days in order to give measurable results, and during 
this time not only do the colloids tend to settle, but the less stable 
mes are liable to undergo a certain amount of decomposition. 
The latter is particularly the case with egg-albumin, the author’s 
olution being foetid after the sixteen days’ test described above. 
kigmondy directs attention to the same point, finding with dextrin 
and glue a distinct rise in the gold number after a few days. 

2. The extent of retardation depends on the concentration of the 
protective colloid. Thus Groh (loc. cit.) found that by increasing 
the amount of gelatin from 0-001 to 0°10 per cent. the activity of 
wlloidal platinum was reduced to less than one-half. 

Analogous results have, been obtained with agar and gum acacia 
on the corrosion of iron, as is evident from Table IV. 


TABLE ILYV.* 
Loss in 


weight of the Relative 
Colloid. Per cent. iron. Mg. corrosion. 
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When these results are shown graphically, along with those of 
Groh, it will be observed that the curves are not straight lines, 
% that the relative effects of different colloids at various concen- 
trations will not necessarily be constant. 

The foregoing results are very striking, for reactions involving a 
soluble catalyst do not appear to be affected by the presence of 
aprotective colloid. Thus agar has no influence upon the velocity 
of the acid catalysis of methyl acetate (Reformatsky, Zeitsch. 
physikal. Chem., 1891, 7, 34). This lends support to the view 
that the catalyst assisting corrosion is not a soluble iron compound. 


The Action of Alkalis. 


The inhibiting action of alkalis upon corrosion is usually attributed 
to the presence of the hydroxy] ions causing a suppression of aqueous 
lonisation (Whitney, loc. cit.), so that the equilibrium, 

Fe+2H*°+20H’ => Fe’*+20H’+H,, 


Experiments carried out with Kahlbaum’s foil, immersed in the colloid 
‘lutions for sixteen days at 10°. 
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is moved in the direction from right to left. Alkali carbonate 
are presumed to react similarly, since they consist of a powerfyl 
base combined with a weak acid. Such an explanation, however, 
cannot be altogether correct, as it does not explain why dilute 
solutions of the alkali carbonates not merely fail to inhibit corrosion 
but actually cause the metal to corrode more rapidly than doe 
distilled water (Heyn and Bauer, loc. cit.; Cribb and Arnand, 
Analyst, 1905, 30, 225). The colloid theory, however, disposes of 
this anomaly, for corrosion will be inhibited when the alkali js 
sufficiently concentrated to precipitate the catalytic sol as rapidly 
as it is formed. The precipitated oxide slowly dissolves in the 
alkali, presumably yielding a ferrite, and is precipitated ultimately 
as Fe,0,,2H,O, but not on the surface of the metal, which remains 
bright throughout. In this manner is explained the slow solubility 
of iron in sodium hydroxide solutions, which the author has observed 
to take place in many concentrations of the hydroxide after the 
lapse of months or years, according to circumstances. 


The Influence of Ethyl Alcohol. 


The effect of addition of ethyl alcohol to water in which iron 
is corroding is interesting. Being a non-electrolyte, it should not 
be adsorbed to any appreciable extent. On the other hand, it 
possesses a considerable dehydrating power and is a typical example 
of that important class of precipitants which effect the coagulation 
of colloids through withdrawal of the solvent. It may thus be 
expected to reduce the stability of the sol and hence the rate of 
corrosion of the metal. Its effect upon the solubility of oxygen 
in the solution is relatively small. The following results were 
obtained with small plates of Kahlbaum’s pure electrolytic foil 
immersed in the various solutions for twenty-nine days at 18. 
The plates weighed approximately 1'7 grams, and measured 
3X4 sq. em. 

TABLE V. 


Alcohol. Loss in Alcohol. Loss in 
Per weight of Per weight of : 
cent. by the plate, Relative cent. by the plate. Relative 
weight. . corrosion. weight. Gram. _ corrosion. 
0 “55s : 0-155 28 
8 0°075 14 
16°3 “41i : 0-080 14 
23-0 27 f , 0:020 ‘ 
29°9 25: ‘ 0°025 
36°9 "255 ; 0-000 


When these results are plotted on a corrosion-concentration 
diagram (Fig. 2), it becomes evident that but little corrosion occurs 
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after the concentration of the alcohol has passed that corresponding 
with the formation of the trihydrate, C,H,0,3H,O. In pure 
alcohol there is no corrosion, there being no water to yield the 
catalytic hydrosol. 

The relative solubility of oxygen in the solutions (reduced to 
half scale) is given by the broken line in the figure, and had this 
been the only factor or even merely the most important factor, the 
corrosion curve would have had an analogous form. 


Fig. 2. 
100 


Oxygen solubility. 
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Salts of Organic Acids. 


As a general rule, organic acid anions are strongly adsorbed by 
positive sols, and their soluble alkali salts have in consequence low 
ftecipitation concentrations for ferric hydroxide sol. Such salts 
ought, therefore, to be inhibitors of corrosion. That this is so is 
‘ident from the results in Table VI, and a rough proportionality 
8 traceable between the concentrations of the salts inhibiting 
‘rrosion and the precipitation concentrations for ferric hydroxide 
‘ls as determined by Freundlich (Kolloid Zeitsch., 1907, 1, 321). 
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TABLE VI. 
Approx. Inhibiting Precipitation 


inhibiting concentration. concentration, [ina 


concentration. Gram-mols. Milligram. 
Sodium salt. Per cent. per litre. mols. per litre, 


Chloride Sat. soln. 300 
corrodes 

Formate 20 3 56 

Acetate 4 = 30 

Benzoate 2 f 32 

Salicylate 2 “lt 20 

The foregoing concentrations are only approximate and indicate 
that iron completely immersed in these solutions will not, in general, 
show ordinary corrosion within twenty-four hours. Frequently : 
few isolated spots of rust form, mainly at the edges of the metal 
indicating some physical or chemical irregularity. After a fev 
days the metal will probably show signs of general rusting, possibly 
through oxidation of the organic acid. 


Poisons. 


Both biological processes and the catalytic activities of colloidal 
metals may be diminished or even entirely destroyed by the addition 
of small quantities of certain substances termed “ poisons.” I 
both cases the inhibition appears to be connected with adsorption 
(see Wo. Ostwald and Dernoscheck, Zeitsch. Chem. Ind. Kolloide, 
1910, 6, 267, ete.). 

Now, ferric hydroxide gel adsorbs arsenious oxide to a remarkable 
extent (see Biltz, Ber., 1904, 37, 3138; Lockemann, Ver. Ge. 
Deut. Naturforsch. Aerzte, 1911, 14, 25; Boswell and Dickson, 
J. Amer. Chem. Soc., 1918, 40, 1793). It must be more than 
mere coincidence that arsenious oxide should be a powerful inhibitor 
of corrosion (Lindet, Compt. rend., 1904, 139, 859, whose results 
have been confirmed by numerous later investigators). If the 
colloid theory of corrosion is accepted, a fresh light is thrown upon 
this hitherto unexplained phenomenon. Sodium arsenite behaves 
similarly, and is frequently added to boiler-feed waters to reduce 
corrosion (Huntley, J. Soc. Chem. Ind., 1909, 28, 339). 


Influence of Temperature. 


Ferric hydroxide sol is very stable, and the liquid may be boiled 
under suitable conditions without precipitation. If, however, 
electrolytes are present, the colloid is readily precipitated. It 1s 
to be anticipated, therefore, that corrosion will not be accelerated 
so rapidly in the presence of electrolytes upon rise of temperature, 
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ss in the case of water alone. Hence, relatively to water at the 
orresponding temperatures, the corrosive action of salt solutions 
may be expected to fall with rise of temperature. This serves to 
xplain the remarkable observation (Friend and Brown, T., 1911, 

, 1302) that, whilst at 11° sea-water is more corrosive than 
iistilled water, at about room temperature the two are equally 
orosive, whilst at 21° and above, sea-water is distinctly less cor- 
sive than distilled water. Analogous results have been obtained 
vith solutions of many other electrolytes (Friend and Barnet, 
le. cit.). As a general rule it is found that the higher the inversion 
temperature, the lower is the corresponding salt concentration. 
It was further shown that the critical concentration likewise falls 
vith rise of temperature. All these observations are in harmony 
vith the present author’s theory. 


Radium Rays. 


Many chemical reactions are accelerated by radium emanations, 
oxidation processes being particularly sensitive (see Creighton and 
Mackenzie, Amer. Chem. J., 1908, 39, 474; Pellini and Vaccari, 
Atti R. Accad. Lincei, 1904, [v], 13, ii, 269; Reckleben and Locke- 
mann, Zeitsch. anorg. Chem., 1915, 92, 145). If, therefore, the 
corrosion of iron is purely ionic or an example of direct oxidation, 
itis to be anticipated that the rate of corrosion will be increased by 
ndium salts, particularly since their emanations decompose water, 
yielding hydrogen, oxygen, and hydrogen peroxide, 8- and y-rays 
being effective as well as «-rays (Kernbaum, Compt. rend., 1909, 148, 
5; Debierne, Ann. Physique, 1914, [ix], 2,97; Compt. rend., 1909, 
148, 703; Creighton, T'rans. Nova Scotia Inst. Sci., 1908, 12, 34). 

On the other hand, Jorissen and Woudstra (Chem. Weekblad, 1912, 

9, 340; confirmed by Fernau and Pauli, Biochem. Zeitsch., 1915, 
70, 426) found that radium emanations tend to coagulate ferric 
tydroxide sol. If, therefore, the colloid theory of corrosion be 
accepted, the presence of radium salts should tend to retard corro- 
‘ion. This has been demonstrated to be the case in a series of 
preliminary experiments. 
} Dises of Kahlbaum’s iron foil (diam. 11-8 em.) were immersed 
i water in shallow earthenware dishes, some serving as blanks 
vhilst others were exposed to the influence of rays from about 
n" mg. of radium chloride, contained in a metal capsule with a 
ica window, and suspended above the discs, window downwards.* 
The results were as follow : 


.. The author desires to express his thanks to Professor 8S. W. J. Smith of 
Birmingham University for kindly loaning him the radium salt. 
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TABLE VII. 


Loss in Relative 
Height of Duration of weight of the Loss in corrosion 
RaCl, above the experi- disc under __ weight of the of discs 
the disc. ment. RaCl,. blank. under Ra(l, 
Cm. Hours. Gram. Gram. 


15 72 0:0388 0°0419 
4-0 112 0°0667 0°0783 
13°0 120 0°0444 0°0513 


As the mica window held back the «-rays, the observed effects 
were due to 8- and y-rays. The apparently diminished action a 
15 cm. is probably due to the rays being severely localised at the 
centre of the metal disc, not having room to spread out over the 
whole disc before striking the metal, as in the succeeding experiments, 

These results, obtained with such a feeble source of radioactive 
rays, are highly interesting and further experiments are in progres. 

Analogous experiments were carried out with oxides of thoriun 
and uranium. Thirty grams of these were placed in thin-walled 
tubes and immersed in water surrounded by sheets of Kahlbaum’s 
foil. The results were as follow : 


Loss in weight of the Total loss 
iron in grams after in weight. Relative 
(19 days.) losses. 

Lk ‘. 0°2421 100 

(mean of two blank 

experiments) 
With ThQ, ............ . "165: 0°2341 97 
WHR U0, ccccccces... i , 0°2543 105 


The activities of the radioactive specimens were very feeble as 
compared with that of the radium chloride, and the results corte- 
spondingly indecisive. The thorium appears to retard corrosion 
and the uranium to accelerate it, very slightly. 


Passivity. 


In 1790 Keir (Phil. Trans., 1790, 80, 359) directed attention to 
the fact that iron immersed in nitric acid of density 1°45 is rendered 
passive or inert. It retains its metallic appearance and does not 
seem to dissolve, although actually it is passing into solution with 
extreme slowness. It was soon observed that solutions in which 
iron remained passive were powerful oxidisers (Schénbein and 
Faraday, Phil. Mag., 1836, [iii], 9, 53, 122; 1837, [iii], 10, 175), 
and this led to the belief that a thin layer of oxide was formed 
on the surface of the metal, which protected the underlying portions 
from attack. But_all passivifiers are not oxidisers, hydronitr: 
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cid being a case in point (Turrentine, J. Amer. Chem. Soc., 1911, 
3, 803). 

It does not appear to have been observed hitherto that all 
solutions which induce passivity contain anions of powerful pre- 
dpitating activity towards positive colloids. The author therefore 
suggests that the passivifying action of various liquids on iron lies 
in the destruction of the catalysing sol. 

In certain circumstances, for example, in nitric acid, the sol 
may be precipitated as a thin protective layer of oxide on the 
surface of the metal, thereby causing the latter to retain its passivity 
for a time when removed from the passivifying liquid and placed 
in water. But this is a secondary result and is not the cause of 
the inertness of the metal in the passivifying liquid itself. 

The colloid theory of passivity offers explanations for many 
points of interest. It is known that nitric acid of density 1°250 
does not render iron passive at 0°, yet if the temperature is raised 
to 10° or more the metal is readily passivified by it (Young and 
Hogg, J. Physical Chem., 1915, 19, 617). The explanation is 
analogous to that offered in the case of the diminished activity 
of sea-water and various electrolytic solutions as compared with 
distilled water with rise of temperature. 


Oxidation of Ferrous Salts. 


Solutions of ferrous salts, particularly in the presence of alkali, 
oxidise upon exposure to air with a velocity proportional to the 
pressure of the dissolved oxygen. The rate of oxidation is enhanced 
by light (Friend, West, and Bentley, J. Iron Steel Inst., 1912, I, 
259), but retarded by certain acids, such as sulphuric acid (Warynski, 
Ann. Chim. Anal., 1909, 14, 45). 

The present author suggests that the oxidation of ferrous salts 
under these conditions is analogous to the corrosion of iron, being 
catalytically accelerated by an iron sol. Most probably the sol 
i, at any moment, a mixture of the different iron hydroxides, 
containing, no doubt, adsorbed anions from the acid radicle. 

This theory receives support from a number of different observ- 
ations, two of which may be cited. 

(l) In 1899, Spring (Bull. Acad. Roy. Belg., 1899, [iii], 37, 174) 
tirected attention to the fact that iron salts in neutral solution 
invariably give the Tyndall effect, showing that a hydrosol is 
present. The effect disappears on adding an acid, the sol apparently 
passing into solution. 

(2) The addition of chemically neutral salts, such as sodium 
thloride or bromide, reduces the rate of oxidation (MacArthur, 
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J. Physical Chem., 1916, 20, 545; Warynski, loc. cit.), but, as in 

the analogous case of the corrosion of iron, the retardation is greater plaine 
than can be explained by mere diminution of the oxygen solubility, so-call 
This is readily explained on the assumption that the sol undergoes ff 
precipitation by the dissolved salt, so that its catalytic power js 
diminished. 

The converse of these reactions, namely, the reduction of ferric 
sulphate solution with zinc and magnesium, has been studied by 
Sugden (this vol., p. 233), and the curious results obtained appear 
capable of explanation by application of the author’s colloid theory 
in an analogous way. 


The Composition of the Sol. 


The evidence at present available does not enable a definite 
decision to be arrived at as to the exact compositions of the catalys- 
ing sols. Most probably sols of ferrous, ferroso-ferric, and ferric 
hydroxide take part, being alternately oxidised and reduced from 
one to the other. Under favourable conditions ferric hydroxide 
sol is probably produced. But the following series of experiments 
appears to indicate that in a strictly limited supply of oxygen the 
higher sol may .be only that of ferroso-ferric hydroxide. 

Into a series of bottles of approximately 150 c.c. capacity were 
put weighed pieces of pure electrolytic iron foil and 100 c.c. of 
water, the remaining 50 c.c. being air. The stopper was coated 
with vaselin and later fixed in position with wax and the bottles 
kept in a dark cupboard. At intervals one or more were removed, 
the loss in weight of the iron was determined, and the amount o 
ferrous iron estimated by titration with permanganate. The results 
were as follow : 

TaBLe VIII. 


Loss in Weight Weight 

weight of the of ferrous of ferrous 
iron. iron. iron. 

Gram. Gram. Per cent. 

0°0356 trace trace 

00421 0°0050 ‘11'8 

0°0518 0:0130 25°1 

0-0429 00129 30°0 (Fe,0,) 


* Mean of several experiments. 


General Application of Colloid Activity. 


Most substances manifest a maximum chemical reactivity whet 
in the colloidal state. It is not improbable, therefore, that many 
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actions which have hitherto been ascribed to ions may be ex- 
plained more readily on the autocolloid, catalytic theory. Many 
so-called catalysts, which are known to be chemically inert, may 
imply act by rendering possible the existence of a colloid catalyst 
formed from the reacting substances themselves. They are thus 
not true catalysts, in the sense of actually taking part in the reactions 
themselves, but may be termed secondary catalysts. For example, 
ammonia and hydrochloric acid when perfectly pure and dry do 
not interact with measurable velocity. The addition of benzene 
(Kahlenberg, J. Physical Chem., 1902, 6, 1) causes instant com- 
bination. Application of the ionic theory in this case is strained. 
It is quite in accord with the behaviour of benzene, however, to 
suppose that it facilitates the formation and stabilisation of a 
colloidal form of ammonium chloride, which catalytically assists 
the union of the remaining HCl and NH, molecules. The benzene 
thus functions as a secondary catalyst. 

A similar autocolloidal, catalytic explanation might be offered 
for numerous other reactions, and the author hopes to indicate its 
bearing upon the corrosion of ferrous alloys and non-ferrous metals. 


Municrpan TECHNICAL SCHOOL, 
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The Conditions Underlying the Formation of 
Unsaturated and Cyclic Compounds from Halo- 
genated Open-chain Derivatives. Part II. Pro- 
ducts Derived from a-Halogenated Adipic Acids. 


By CHRISTOPHER KELK INGOLD. 


In Part I of this series (this vol., p. 305) a wide range of facts 
relating to the formation of carbon rings was briefly reviewed in 
the light of the hypothesis that the spatial configuration of four 
atoms attached to a central carbon atom is determined by their 
relative volumes, and it was shown that many of the more apparent 
defects of the Baeyer strain theory may easily be rectified by means 
of this simple assumption. 

The main points regarding which Baeyer’s theory is open to 
objection fall into two classes, the first consisting of those which 
relate to the number of carbon atoms forming the ring, the second 
those relating to the effect on ring formation of the presence of 
substituent groups. 

Regarding the former, it was calculated that the angle between 
the valencies connecting two carbon atoms to the carbon atom 
of an unstrained methylene group is, not 109°5°, but 115°3°, and 
that the figures representing the difficulty attending the formation 
of a cyclopropane ring from a n-propane chain and of cyclobutane, 
cyclopentane, and cyclohexane rings from the corresponding normal 
carbon chains were as follows : 


eycloPropane. cycloButane. cycloPentane. cycloHexane. 
0°345 0°427 0-220 0°207. 


Whilst these numbers were in excellent functional agreement 
vith thermochemical data and with general experience of the pro- 
duction of ring compounds, particularly with experiments indicating 
the difficulty attending the closure of the cyclobutane ring as com- 
pared with the cyclopropane ring and the almost equal ease of 
lrmation of five- and six-membered carbon rings, it was felt to be 
esirable, especially as in these respects the new hypothesis is 
iefinitely in conflict with the deductions of Baeyer’s theory, to 
ustitute a special series of truly comparative experiments in which, 
'y employing uniform experimental conditions and by utilising the 
inciple of the standard side-reaction (loc. cit., p. 310), the adven- 
itious influences, which so seriously detract from the value of the 
‘nclusions drawn from incidental observations, could to a very 
itge extent be eliminated. 
VOL. CXIX. LL 
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With regard to the influence of substituent groups on ring forma. 
tion, it was pointed out that the most uniform and the most fr. 
quently exhibited effect of this kind is that of the gem-grouping in 
promoting the formation of three-, four-, and five-carbon rings, a 
effect which may be explained in a very simple manner if it be tre 
that two carbon atoms associated with a gem-grouping (B) are in 
closer proximity than two carbon atoms attached to a methylex 
group (A). 

- ae BN / ai 
HY ‘Nc CH,” Xo 
(A.) (B.) 

The reality of the phenomenon cannot be doubted. There arf 
on record numerous examples (loc. cit.) of synthetical experiments 
in which the effect of the gem-dialkyl group on ring closure is clearly 
manifested. Apart from synthetical experiments, however, ther 
is another quarter from which confirmation of a very significant 
character is forthcoming, namely, the chemistry of natural products. 

It is well known that the types of ring which occur most frequently 
in nature are those composed of five or of six atoms. There is 
one class of natural products, however, the essential oils, in which 
many of the compounds contain carbon rings of the more highly 
strained types, and it is of interest to observe the manner in which 
in these cases the strains inherent in the type of ring (cyclopropane 
and cyclobutane, for example) are relieved by the entrance of thei 
gem-grouping or some equivalent arrangement into the constitution 
of the substance. Thus in every case in which there exists ini 
naturally occurring product a cyclopropane ring there exists als, Jet 
either an attached gem-dimethyl group, as in the case of caren 
(Simonsen, T., 1920, 117, 571) or some equivalent arrangement 
involving quaternary carbon, as with thujone and sabinene. Wher 
there occurs a substance containing a cyclobutane ring, a etl. 
dimethyl group is invariably attached to it, as, for example, in « 
and 8-pinene : 

Me Me Me 
ge é f 
4~\ VAN Y 
HO CH, or H,¢ CH HO 
H,C CH H, 


CH 


Fi 
C CH 1,0" OMe, HO" Oi 
HX doe, Hv— OMe, Ni CH 


Carene. a-Pinene. B-Pinene. 


’ Naturally occurring, five-membered rings, on the other hand, i 
some cases carry a gem-grouping and in othersdonot. Thus, whils 
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smphor contains two cyclopentane rings having a gem-grouping 
ommon to both, camphene also possesses two cyclopentane rings, 
nly one of which is furnished with a gem-group : 


CH,—CMe—CO CH,—CH—CMe, 

| CMe, | | om, | 

CH,—CH—-CH, CH,—CH—C:CH, 
Camphor. Camphene. 


inally, it must be noticed that of all the naturally occurring, six- 
membered rings known in terpene chemistry not one bears a gem- 
dialkyl group. Every cyclic carbon atom in limonene, «-terpineol, 
ylvestrene, pulegone, «-phellandrene, 8-phellandrene, and carvone, 
» take a few of the better known examples, is either secondary or 


etiary. 
These facts are obviously in complete agreement with the hypo- 
Besis suggested in Part I. cycloPropane and cyclobutane rings are 
karly those which most require the introduction of the gem-dimethyl 
youp in order to render them sufficiently stable to be capable of 
ismpccurrence in nature. Since the angle (108°) of a cyclopentane ring 
smaller than the normal angle (115°3°; loc. cit.), this ring also 
s stabilised and rendered easier of formation by the introduction of 
he gem-dimethyl group. The reverse, however, is the case with the 
ylohexane ring, and it is therefore significant that gem-dimethyl 
roups do not appear to be supplied to cyclohexane rings in nature. 
The completeness with which such a remarkable diversity of 
acts are collated by the hypothesis which forms the basis of this 
eties of papers gave birth to the conviction that it was extremely 
lesirable to test the matter by every possible means, and one 
ential step appeared to be to make a determination of the relative 
ase of formation of cyclopropane and cyclobutane rings by the 
-Method outlined in Part I. 

In Part I the action of alkalis on «-halogenated glutaric acids 
inder two sets of experimental conditions was described. The 
eneral conclusion was drawn that, whilst with dilute alkalis (con- 
litions A, this vol., p. 318) almost the whole of the material under- 
ent the standard side-reaction and became converted into the 
omesponding hydroxy-acid (I), with concentrated alkali (con- 
itions B, p. 319) about 50 per cent. of the cyclopropane derivative 
ill) was produced together with the hydroxy-acid (I) and a trace 
i glutaconic acid (II). 


CH(OH)-CO,H pug CH,CO,H pq, ~CH-CO,H 
<CH,-CO,H CHScHco,H = “Saco. 
(I.) (IL.) (III.) 

LL2 
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It may be noticed in passing that the hydroxy-acid, IV, igi; 
obtained under similar conditions (B) from «-halogenated gem 
dimethylglutaric acid in traces only, whilst the yield of caronig 
acid (V) is nearly quantitative. 

CH(OH)-CO,H CH-CO,H 
CMes<GH COOH CMe f5.C0.H 
(IV.) (V.) 


On extending the investigation to the «-halogenated adipic acids 
a marked difference in their behaviour at once became apparent 
for, whilst ethyl «-chloroadipate and ethyl «-bromoadipate on 
boiling with a 2N-solution of sodium carbonate yielded more thar 
90 per cent. of «-hydroxyadipic acid (VI), when the same haloger 
compounds were heated with concentrated, methyl-alcoholic pota 
ium hydroxide under the standard conditions used in the case of the 
glutaric derivatives there was obtained a mere trace of the expected 
cyclobutanedicarboxylic acid (VIII), by far the greater portion of 
the identified material consisting of the hydroxylation product. : 
in the case of «-bromoglutaric ester, so in this instance also ther 
was obtained a small amount of the unsaturated derivative 
4*-dihydromuconic acid (VII). 


CH,CH(OH)-CO,H + CH:CH-CO,H CH,*CH-CO,H 
CH,-CH,-CO,H CH,:CH,CO,H  CH,*CH-C0,H 
(VI.) (VIL.) (VIIL.) 


Owing to the difficulties of the separation it was not found possible 
to account for the whole of the material as pure isolated products 
the quantities actually isolated and weighed in the pure conditio1 


were as follows : 
From the 
chloro-ester. 
Per cent. 


a-Hydroxyadipic acid 
Ae-Dihydromuconic acid 
cis-cycloButane-1 : 2-dicarboxylic acid 


Total isolated 67°1 


It will be observed that there is scarcely any difference between th 
results obtained with the chloro- and the bromo-esters. 

These figures indicate in a remarkably clear manner the grel 
difficulty with which the formation of a cyclobutane ring is attendeg 
as compared with a cyclopropane ring when similar methods of 1 
closure are used in the two cases. 

The extension of the research to «5-dihalogenated adipic acid 
appeared to afford a valuable opportunity of investigating ™ 
effect on the nature of the products of stereochemical different? 
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i; the halogen compounds employed. It is not possible to examine 
His point in the case of ethyl «y-dibromoglutarate, as this is 
stained as a liquid mixture of meso- and racemic isomerides and 
unot be satisfactorily separated into its constituents. The meso- 
ud racemic esters of «d5-dibromoadipic acid, on the other hand, 
ie solid substances and are easily obtained in the pure condition. 

The dibromination of adipic acid has been investigated by 
Villstitter and Lessing (Ber., 1902, 35, 2066), who, on pouring the 
omination product, prepared by the Hell-Volhard method, into 
dhyl alcohol, obtained an oily mixture of bromo-esters, from which 
me of m. p. 66° crystallised. They were unable to purify the residual 
il, but on distilling it they obtained a distillate which deposited 
aystals of the same solid ester. The same bromination has also 
4M een described by Le Sueur (T., 1908, 93, 718), whose observations 

Mrgarding the oily portion of the product (T., 1909, 95, 275) agree 
dosely with those of Willstatter and Lessing. The use of thionyl 
tloride in place of phosphorus pentachloride for the preparation 
‘Mf adipyl chloride was first suggested by Stephen and Weismann 

(I. 1913, 103, 269). 

There can be no doubt but that the bromo-ester, m. p. 66°, is 
the meso-compound, for on hydrolysis with sulphuric acid (p. 962) 
it yielded solely the dibromo-acid, m. p. 193°, which has been 
described by Rosenlew (Ber., 1904, 37, 2091) and has been shown by 
le Sueur and Haas to possess the meso-formula. 

Investigation of the oily dibromination product soon made it 
Bear that this consisted principally, although not entirely, of the 
meemic dibromo-ester. This substance, when pure, melts at 9°5° 
ad can easily be separated by crystallisation under suitable 
wnditions (p. 962). 

In order to leave no doubt as to the constitution of the more 
fusible ester, it was hydrolysed by means of sulphuric acid. Two 
litromo-acids were produced, one, m. p. 193°, identical with that 
ibtained from the less fusible ester, the other, m. p. 139°, identical, 
i all probability, with the isomeride of the same melting point 
prepared by Rosenlew (loc. cit.). Evidently, therefore, during the 
iydrolysis a partial change of configuration must have taken place 
vith the formation of a certain quantity of meso-acid. That the 
acd, m. p. 139°, and the ester, m. p. 9°5°, have the racemic con- 
dg “itution was conclusively proved by heating them with a dilute 
ioholic solution of potassium hydroxide, when, along with small 
uantities of the meso- and racemic dihydroxyadipic acids (IX and 
\), a considerable amount of: trans-tetrahydrofurandicarboxylic 
«id (XII) was produced. It is clear that, whilst cis-tetrahydro- 
, firandicarboxylie acid (XI) is the direct product of hydrolysis of 
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the meso-acid, the trans-modification can only be derived without The ' 
change of configuration from the racemic acid. the me 


CO,H CO,H CO,H . ~m 
’ a CH,— : caro 
H ‘ OH H é OH (?" é 110°, 9 
aH 2H, =| C0, inns te 
H——OH OH—\—H a | have tl 
_ a H ; It w 
meso, m. p. 174°. racemic, m. p. 146°. cis, m. p. 125°. trans, m. p. 95°. HB A6°, wa 
(IX.) (X.) (XI.) (XII) corresp 
On keeping at room temperature, the racemic dibromo-ester - 
changes slowly into the meso-form, and the melting point, originally with ‘ 
9°5°, becomes depressed to the extent of 2—4° every week. After ayer 
several months, crystals of the meso-ester begin to be deposited. trated 
When the pure racemic ester is distilled under diminished pressure, we 
it is converted to the extent of about 30 per cent. into the mew- _— 
form. and X) 
The oily dibromination product did not consist solely of the™"” - 
racemic dibromo-ester, but contained in addition the meso-isomerit: ientif 
and a third dibromo-ester which boiled at a constant temperature 
but could not be completely purified by distillation. The nature 
of this liquid ester was, however, revealed by its behaviour on 
hydrolysis with mineral acids, the principal product being «-keto- The 
adipic acid, which was identified by hydrolysing its oxime to «-cyano- two dil 
butyric acid and thence to glutaric acid. There can be no doubt, tuble. j 
therefore, that the liquid dibromo-ester consisted essentially (fj ’ 
ethyl ««-dibromoadipate : Pl 
of pure 
CO,Et*CBr,*CH,*CH,*CH,*CO,Et —> possible 
CO,H-CO-CH,*CH,*CH,‘CO,H —> to the 
CO,H-C({NOH)-CH,*CH,*CH,*CO,H —> CN-CH,-CH,°CH,°C0,H 
— > CO,H-CH,°CH,:CH,*CO,H 
In view of the property possessed by racemic ethyl «5-dibromo- 
adipate of passing into the meso-isomeride, the corresponding iodo- — 
esters were prepared in the hope that these would exhibit a smaller aa 
“ie 


tendency to isomeric change. eenie 
Two iodo-esters, m. p. 92° and 46° respectively, were produced ll eyioBut 
in approximately equal amounts when either of the «5-dibromo- 
esters was treated with a boiling alcoholic suspension of sodiuw 
iodide. The ester, m. p. 92°, on hydrolysis with sulphuric acid] The 
yielded a di-iodo-acid, m. p. 213°, whilst the ester, m. p. 46°, whet extrem 
similarly treated, gave the same di-iodo-acid together with «ff This r 
isomeric acid, m. p. 170°. the cor 
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rithouty The ester, m. p. 92°, and the acid, m. p. 213°, undoubtedly possess 
the meso-configuration, for on hydrolysis with a dilute alcoholic 
lution of potassium hydroxide both yielded cis-tetrahydrofuran- 
jicarboxylic acid (XI). The ester, m. p. 46°, and the acid, m. p. 
170°, when treated in the same way, gave as the main product 
ians-tetrahydrofurandicarboxylic acid (XII), and must therefore 
have the racemic configuration. 

It was found, as anticipated, that the racemic iodo-ester, m. p. 
46°, was much less easily converted into the meso-isomeride than the 
corresponding racemic bromo-ester. 

The meso- and racemic dibromo- and di-iodo-esters, when boiled 
vith 2V-sodium carbonate, yielded principally the corresponding 
dihydroxyadipic acids (IX and X), but on treatment with a concen- 
trated methyl-alcoholic solution of potassium hydroxide gave a 
nixture of acids, of which muconic acid (XIII) was invariably the 
principal constituent. Besides the two hydroxyadipic acids (IX 
and X), the two ether-acids (XI and XII), and muconic acid, there 
yas also isolated in two instances a sixth acid, which was ultimately 
identified as A1-cyclobutene-1 : 2-dicarboxylic acid (XIV). 

el CH,-0-CO,H 
CO,H-CH:CH-CH:CH:CO,H CH,-C-CO,H 


(XIII.) (XIV.) 


The proportions in which these six acids were obtained from the 
two dibromo- and the two di-iodo-esters are shown in the following 
lable, in which the figures representing the yields are calculated 
ss percentages of the theoretical, and are derived from the weights 
ofpure, separated products. It will be noticed that it was not found 
possible to account for quite the whole of the material, owing 
to the difficulties of the separation. 


Halogen derivatives used. 
Dibromo-esters. Di-iodo-esters. 


Meso-. Racemic. Meso-. Racemic. 

Per cent. Per cent. Per cent. Per cent. 
mso-Dihydroxyadipic acid 23 
memic Dihydroxyadipic acid e 14 
‘it-Tetrahydrofurandicarboxylic acid ... 23 
rans-Tetrahydrofurandicarboxylic acid 0 
uconic acid & 33 
0 


Total isolated 93 93 


The main point of interest arising from these figures is the 
‘xtremely small amount of the cyclobutenedicarboxylic acid formed. 
This result is the more striking when it is remembered that in 
the corresponding experiment with ethyl dibromoglutarate nearly 
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90 per cent. of the material became involved in ring formation, 
This contrast is clearly in agreement with the indications of th 
hypothesis outlined on p. 953. 

Another noteworthy feature of the results is the high yield of 
muconic acid which was obtained. It happens that muconic acid 
although a substance of very great interest, is a difficult material 
to prepare in quantity. It was obtained by Rupe (Annalen, 189% 
256, 1) and by Ruhemann and Blackmann (T., 1890, 57, 370) from 
mucic acid, which was converted successively into dichloromuconic 
acid (Bode, Annalen, 1864, 132, 95), dihydromuconic acid, {y-<i. 
bromoadipic acid (Ador, Ber., 1871, 4, 627; Limpricht, Annalea, 
1872, 165, 262), and finally into muconic acid : 


CO,H-[CH-OH],-CO,H —> CO,H-CH:CCI-CCl:CH-CO,H > 
CO,H-CH,°CH:CH:CH,:CO,H —> 
CO,H-CH,-CHBr-CHBr-CH,"CO,H —> 
CO,H-CH:CH:CH:CH:CO,H. 


This rather lengthy process has the disadvantage of a poor yield 
in the initial reaction. A much more direct synthesis, devised by 
Débner (Ber., 1902, 35, 1147), consists in heating glyoxal with 
malonic acid, 


CHO-CHO+2CH,(CO,H), —> CO,H-CH:CH-CH:CH-CO,H+ 
2H,0+2CO,, 


but the yield is only 2 per cent. of the theoretical, and, although 
Behrend and Koolman (Annalen, 1912, 394, 228) have effected a 
considerable improvement by replacing glyoxal by its bisulphite 
compound, large quantities of succinnic acid and syrupy matter 
are formed and the yield of muconic acid rarely reaches more than 
10 per cent., calculated on the glyoxal employed. Attempts have 
also been made by Le Sueur (T., 1909, 95, 273 ; see also Le Sueur and 
Haas, T., 1910, 97, 173) and by Stephen and Weismann (loc. cit.) 
to prepare muconic acid directly from the dibromination product 
of adipic acid, but only with a limited degree of success; in fact, 
Le Sueur and Haas were considerably impressed with the smallness 
of the quantity of muconic acid produced, and regarded it as due 
to the existence of a strong tendency towards the production of 4 
five-membered heterocyclic ring, the formation of which neces 
sarily limited the quantity of the unsaturated acid produced simul- 
taneously. It would appear, however, from the results tabulated, 
that this inference requires modification, and that the extent 1 
which the unsaturated acid is formed is merely a question of expet- 
mental conditions. By observing the correct conditions (p. 967) 


Howey 
Yield ¢ 
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it is possible to prepare muconic acid easily and in large 
quantities from commercial cyclohexanol (pp. 961 and 962). 

The contrast between the large yield of muconic acid obtained 
from «5-dibromoadipic esters and the small quantity of dihydro- 
muconic acid produced under similar conditions from the «-mono- 
bromo-derivative is probably to be attributed to the strong tendency, 
of which numerous examples are to be found in chemical literature, 
towards the formation of conjugated unsaturated systems. 

As regards the other products isolated from the esters of the 
dihalogenated acids, a reference to the table on p. 957 shows that 
the evidence obtained by comparing the behaviour of the stereo- 
isomeric halogen compounds is distinctly in favour of the view that 
the relative rotation of the two asymmetric groups in the dihalogen- 
adipic esters is limited by a considerable tendency towards the 
formation of special configurations. It will be recalled that such 
substances as af-dimethylsuccinnic acid (Bone and Perkin, T., 
1896, 69, 266) and «y-dimethylglutaric acid (Auwers and Thorpe, 
Annalen, 1895, 285, 310) exist in meso- and racemic modifications, 
oe of which passes into an anhydride much more readily than the 
other. Evidently, therefore, the free rotation of the different parts 
of the molecule around the bonds uniting the carbon atoms must be 
limited by the tendency of the molecule as a whole to assume certain 
particular configurations, which, in the instances cited, are different 
for the two stereoisomerides. No evidence has hitherto been 
recorded of a similar phenomenon amongst derivatives of adipic 
acid, and, as on general grounds there must be some connexion 
between the tendency opposing rotation and the number of carbon 
atoms in the chain joining the asymmetric groupings, it is of interest 
to observe that derivatives of adipic acid containing equivalent 
asymmetric carbon atoms in the two «-positions fall into line with 
those of succinnic acid and glutaric acid in this respect. 

The esters of the meso-dihalogenated acids, for example, might 
have a favoured configuration corresponding more or less closely 
with one of the following types : 


CO;H CO,H CO,H 
H——Hal. H——Hal. H— —Hal. 


H—\—Hal. CO,H——H Hal.—|—CO,H 


CO,H Hal. H 


(meso-a). (meso-B). (2t¢80-7). 


However, the fact that both the meso-bromo- and meso-iodo-esters 
field only the cis-modification of tetrahydrofurandicarboxylic acid 
L L* 
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(XI, p. 956) clearly indicates the meso-a configuration to be the 
stable one. 


CO,H CO,H 
H—|Hal. H— 
mk —> soci 
H——Hal. 
CO,H 
Similarly, the configuration of the racemic esters, which might 
approximate to either of the following : 
CO,H CO,H CO,H 
H—|—Hal. H——Hal. H——Hal. 


| 
—— 
—-- 


Hal.—_—H CO,H——Hal. H——CO,H 
60,H H Hal. 


(racemic-a). (racemic-B). (racemic-y). 


is indicated, first by the fact that each of these esters, particularly 
the more stable iodo-ester, yields only a small amount of trans. 
tetrahydrofurandicarboxylic acid (which ought readily to be formed 
from an ester of the racemic-8 type), and a yet smaller quantity of 
the cis-isomeride, and, secondly, by the fact that from the racemic 
esters alone is it possible to obtain the cyclobutenedicarboxylic acid. 
The racemic-« configuration, therefore, appears to be the favoured 
one : 


CO,H CO,H 
H——Hal. | ae 
et ra wat 
a ia | |, that is, CO,H\/ 
Hal.——_H | | CO,H 
CO,H CO,H 
The large yield of muconic acid from the racemic esters and 
particularly from the less easily isomerised racemic iodo-ester is also 
in agreement with these deductions. Muconic acid, according t0 
current stereochemical views, should exist in three forms, which 
may be designated the cis-, amphi-, and trans-forms respectively. 


H-C-CO,H CO,H-C-H H-C-CO,H H-C-CO,H CO,H-(*H H-(-CO,H 
H-C C-H H-Cc————-C:H H-C——-C-H 
(cts). (amphi). (trans). 


In the experiments herein recorded, only one muconic acid (m. Pp. 
305°) has been met with, and this is undoubtedly identical (se 


ularly 
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p. 967) with the acid which has previously been obtained by other 
workers (p. 958) and has been shown by Behrend and Heyer (Annalen, 
1919, 416, 294) to possess the trans-configuration. Now an examina- 
tion of the projection formule shows that, whilst either the «-, B-, 
or y-form of the esters of the meso-dihalogenated acids, and the 
3. and y-forms of the racemic esters could yield any one of the three 
theoretically possible modifications of muconic acid, the racemic- 
esters should give rise to the trans-form only. It would therefore 
appear that the formation of muconic acid from the meso-esters is 
dependent on a preliminary change to the racemic configuration. 


EXPERIMENTAL. 
(A) Preparation of Adipic Acid. 

The adipic acid used in these experiments was prepared by 
oxidising commercial cyclohexanol with nitric acid by the method 
recommended by Bouveault and Locquin (Bull. Soc. chim., 1908, 
146, 432), which is very easily carried out with considerable 
amounts of material. 


(B) Monohalogenation of Adipic Acid. 


A mixture of adipic acid (500 grams) and thionyl chloride (1000 
grams) was warmed until no more sulphur dioxide was evolved. 
lodine (10 grams) was then added and a rapid stream of chlorine 
passed into the mixture at 80° until the theoretical increase in 
weight was obtained. 


Ethyl «-Chloroadipate. 


The ester was prepared by pouring the crude chlorination product 
into ethyl alcohol, and was collected in ether after adding water. 
Traces of acidic products were removed by sodium carbonate, the 
extract was washed and dried, and the oil remaining after evapora- 
tion of the ether repeatedly distilled until the monochloro-ester 
boiled at 129—131°/10 mm. (Found : Cl=14'9. C,)H,,0,Cl requires 
(l=15°0 per cent.). 


Ethyl «-Bromoadipate. 


This ester was prepared similarly to the chloro-compound and 
vas isolated in the same way. It was considerably more difficult to 
purify by distillation than the chloro-compound, but was ultimately 
obtained as a liquid, b. p. 161—163°/11 mm. (Found: Br=28°8. 
(pH, ,0,Br requires Br=28°5 per cent.). 

LL* 2 
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(C) Dihalogenation of Adipic Acid. 


The dibromination of adipic acid was carried out similarly to the 
monobromination, 500 grams of adipic acid, 1000 grams of thionyl 
chloride, and 1250 grams of bromine being used. The process can 
be completed in four to eight hours (according to the intensity of 
the light) and there is no necessity to heat for forty hours, as sug. 
gested by Stephen and Weismann (loc. cit.). The ethyl esters 
were prepared by pouring the crude bromination product into ethyl 
alcohol, and isolated as in the case of the monohalogenated esters, 


Ethyl meso-«5-Dibromoadipate. 


The mixture of isomeric dibromo-esters, b. p. 191—194°/i6—I7 
mm., obtained in a yield of 93 per cent. of the theoretical, set, after 
forty-eight hours, to a paste consisting of about equal weights of 
oil and crystals. The latter, when drained and recrystallised from 
ethyl alcohol, yielded the pure meso-dibromo-ester (Found: Br= 
44°3. Calc., Br=44°4 per cent.). 

When the bromo-ester was dissolved in cold, concentrated sul- 
phuric acid, a small quantity of water added, and the mixture 
boiled, hydrolysis occurred ‘and meso-dibromoadipic acid was 
obtained (Found: Br=52°5. Cale., Br=52°6 per cent.). 


Ethyl r-«5-Dibromoadipate. 


The oil drained from the meso-ester was dissolved in ethy! alcohol 
and the solution cooled to —30°. The crystals which separated were 
washed with alcohol at —30° and dried at the same temperature 
over sulphuric acid in a vacuum. 

When freshly prepared, the racemic ester melts at 9°5° and can 
be kept for several wecks at 0° without change. The effect of keep- 
ing it at room temperature and of distillation has been noted on p. 956 
(Found: Br=44°6. C,)H,,0,Br, requires Br=44°4 per cent.). 

When the ester is hydrolysed by moderately concentrated sul- 
phuric acid, a considerable quantity of r-«5-dibromoadipic acid is 
obtained (Found: Br=52°45. Calc., Br=52°6 per cent.), along 
with a small amount of the meso-isomeride. 

The constitutions of these racemic compounds were proved by 
converting them by means of 2N-ethyl-alcoholic potassium hyd 
oxide into trans-tetrahydrofuran-2 : 5-dicarboxylic acid, a substance 
which has previously been prepared and characterised by Lea! 


(T., 1900, 77, 115). The method of isolation and purification of 
the tetrahydrofurandicarboxylic acid was similar to that described 
on pp. 967, 968. 
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Ethyl ««-Dibromoadipate. 


The alcoholic filtrate from the first crystallisation of the racemic 
dibromo-ester was evaporated and the residue cooled to 0°. The 
crystals of the meso-ester which separated were drained, and the 
oil was again crystallised from alcohol at —30°. The residual oil 
was then distilled (b. p. 190—193°/10 mm.) and the alternate crys- 
tallisation of the stereoisomerides repeated twice in each case. 
After another distillation, four alternate crystallisations of the 
meso- and racemic esters, and a final distillation, no more crystals 
could be obtained by any of the above methods. That the liquid 
eter, b. p. 192—193°/10°5 mm. (Found: Br=44°5. C,)H,,0,Br. 
requires Br=44°4 per cent.), consists essentially of ethyl ««-di- 
bromoadipate is proved by the fact that «-ketoadipie acid is the 
principal product of hydrolysis. 

The hydrolysis was effected by dilute ethyl-alcoholic potassium 
hydroxide solution, and the potassium salts were collected and 
dissolved in dilute hydrochloric acid. The acid was extracted with 
ether, and, after crystallising from this solvent, melted at 124° 
(compare Gault, Compt. rend., 1909, 148, 1113). It was identified 
by analysis (Found: C=449; H=5°0. Cale., C=45:0; H=5°0 
per cent.), and by conversion into its oxime, m. p. 152°, which, when 


hydrolysed successively with boiling water and alkali, yielded 
glutaric acid identical with that obtained from cyclopentanone by 
oxidation. 


Ethyl meso-«5-Di-iodoadipate. 


This ester forms about 50 per cent. of the product obtained when 
either the meso- or the racemic «5-dibromo-ester is boiled with an 
ileoholic suspension of sodium iodide. It is most convenient, 
therefore, to use for this preparation the mixture of isomerides 
obtained by distilling the oil produced by the action of ethyl alcohol 
m the crude dibromination product. 

The distilled oil (1000 grams) was boiled for one hour in an iron 
vessel with 95 per cent. alcohol (1500 c.c.) and finely divided sodium 
iodide (1000 grams), and the product, after cooling, poured into 
water (15 litres), which was vigorously stirred until the precipitated 
iodo-esters had congealed to a dough-like mass. This was kneaded 
mder fresh water to remove adhering salts and the product crys- 
lallised from 2°5 litres of 95 per cent. alcohol. The meso-iodo-ester 
*parated in dense needles, m. p. 88—90°; when recrystallised for 
inalysis, it melted at 92° (Found: I=56°3. Cy H,,0,I, requires 
[=56-0 per cent.). 
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meso-«5-Di-iodoadipic Acid. 


This acid was obtained by hydrolysing the ester (m. p. 92°) by 
means of moderately concentrated sulphuric acid. The product 
crystallised from glacial acetic acid in minute needles melting and 
decomposing at 213° (Found: I=63°4. C,H,O,I, requires I—634 
per cent.). 

In order to prove the constitution of this acid, it was converted 
by boiling with 2N-ethyl-alcoholic potassium hydroxide into cis. 
tetrahydrofuran-2: 5-dicarboxylic acid (compare Lean, loc. cit), 
the method of isolation and purification being similar to that 
described on pp. 967, 968. The ester, m. p. 92°, was treated in the 
same way with similar results. 


Ethyl r-«8-Di-iodoadipate. 


On pouring into water the alcoholic solution from which the meso- 
isomeride had crystallised (p. 963), a solid product was formed, which, 
when dried and crystallised several times from light petroleum, 
separated in clusters of fine needles, m. p. 46° (Found: [=55%. 
Cy9H,,0,I, requires I=56-0 per cent.). 


r-«d-Di-iodoadipic Acid. 


This acid was prepared from its ester as in the case of the meso- 
isomeride. In the present instance, however, a considerable separ- 
ation of iodine and gummy matter occurred, and it was necessary 
to purify the product by rubbing with chloroform and crystallising 
from formic acid. In this way r-«é-di-iodoadipic acid, m. p. 170° 
(decomp.), was obtained (Found: I=63°7. C,H,O,I, requires 
I=63°8 per cent.), along with a small quantity of the meso- 
isomeride. 

The constitution of the acid, m. p. 170°, was proved by hydrolys- 
ing it with dilute, alcoholic potassium hydroxide solution to trans- 
tetrahydrofuran-2 : 5-dicarboxylic acid, the experiment being carried 
out as in the case of the racemic dibromo-acid. The racemic di- 
iodo-ester, m. p. 46°, when treated in the same way, gave similar 


results. 


(D) Action of Dilute Alkalis on the Esters of Monohalogenated Adipie 
Acid. Formation of «-Hydroxyadipic Acid. 


The esters of monochloro- and monobromo-adipic acids wert 
boiled with 2N-sodium carbonate under the conditions employed in 
the case of the monohalogen derivative of glutaric acid (this vol. 
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».318). In the present instances a-hydroxyadipic acid (compare 
Ince, T., 1895, 67, 159; also p. 966 below) appeared to be the sole 


product. 


E) Action of Concentrated Alkalis on the Esters of Monohalogenated 
Adipic Acid. Formation of «-Hydroxyadipic Acid, A*-Dihydro- 
muconic Acid, and cis-cycloButane-1 : 2-dicarboxylic Acid. 


Ethyl «-chloroadipate (180 grams) or ethyl «-bromoadipate (211 
grams) was allowed to flow in a thin stream into a boiling 6N-solu- 
tin (1 litre) of dry potassium hydroxide in pure methyl alcohol. 
After being heated for a short time, the mixture was diluted with 
ethyl alcohol (2 litres) and filtered, the residue on the filter being 
yashed with 90 per cent. ethyl alcohol until only inorganic salts 
remained. 

The original alkaline filtrate was treated with excess of carbon 
dioxide, and, after the carbonates had been removed, was evapor- 
ated, the residue being worked up for acid products with the aid of 
aetone as solvent. The syrupy acids were then dissolved in a slight 
excess Of 2*5N-ethyl-alcoholic potassium hydroxide, and the in- 
wluble potassium salt collected. 

The 90 per cent. ethyl-alcoholic washings were evaporated with 
the addition of benzene and the precipitate which separated was 
collected and washed with ethyl alcohol. 


A-Dihydromuconic Acid (VII). 


The insoluble potassium salts were dissolved in dilute hydro- 
thlorie acid. ‘The A*-dihydromuconic acid which crystallised was 
identified by its melting point (169°), by analysis (Found : C=49°7; 
H=5°7. Cale., C=50°0; H=5°6 per cent.), by conversion into 
its methyl ester (m. p. 86°; Rupe, loc. cit.), and by direct comparison 
with a specimen prepared from muconic acid. 


cis-cycloButane-1 : 2-dicarboxylic Acid (VIII). 


The alcoholic filtrates from the potassium salt of the unsaturated 
acid were evaporated and the residues worked up for the acid pro- 
ducts, acetone being the solvent employed. The syrupy acids 
were then digested with acetyl chloride and the residue, after 
evaporation of the acetic acid and excess of acetyl chloride, was 
distilled at 140°/25 mm. in a current of nitrogen, a well-cooled scrub- 
bing column being used as receiver. The distillate was boiled with 
water and the turbid liquid, after being poured through a wet filter, 
was evaporated. The crystalline residue was drained on porous 


966 INGOLD: CONDITIONS UNDERLYING THE FORMATION OF 


tile and recrystallised from a small amount of water, when wel. 
defined, prismatic needles, m. p. 136—137°, separated. The acid 
did not decolorise cold alkaline permanganate and was identified 
with Perkin’s cis-cyclobutane-1 : 2-dicarboxylic acid (T., rin 65, 
582) by analysis (Found: C=50'25; H=5°7. Cale., C=504: 
H=5'6 per cent.), and by conversion into the anil (Found : Na 691. 
Cale., N=6°95 per cent.), which melted at 127°, the temperatur 
recorded by Perkin. 


CH, *CH(OAc)-CO,Et 
Ethyl «-Acetoxyadipate, Cn, -CH,°CO,Et 


The residue from the distillation of the cyclobutanedicarboxylic 
anhydride was esterified with ethyl alcohol by the zine chloride- 
benzene method, and the ester digested with a further quantity of 
acetyl chloride. The product, b. p. 146—150°/6—7 mm. (Found: 
C=55'5; H=7°7. C,,.H..0, requires C=55-4; H=7-7 per cent,), 
yielded «-hydroxyadipic acid on hydrolysis. 


a-Hydroxyadipic Acid (V1). 


The above ester was boiled for twelve hours with concentrated 
hydrochloric acid. Crystals of the acid separated on evaporation, 
and were recrystallised from ethyl acetate (Found: C=44¢; 
H=6°3. Calce., C=44:4; H=6'l per cent.). M. p. 152° (compare 
Ince, loc. cit.). 


(F) Action of Dilute Alkalis on the Esters of «5-Dihalogenated Adipic 
Acid. Formation of meso- and racemic «d-Dihydroxyadipic 
Acids. 

The meso- and racemic modifications of ethyl «5-dibromoadipate 
and aé-di-iodoadipate, on boiling with 2N-sodium carbonate solu- 
tion under the standard conditions employed in the case of the 
glutaric acid derivatives (this vol., p. 322), yielded solely the 
corresponding «5-dihydroxyadipic acids dealt with on p. 970. 


(G) Action of Concentrated Alkalis on the Esters of «3-Dihalogenated 
Adipic Acid. Formation of meso- and racemic «5-Dihydr- 
oxyadipic Acids, cis- and trans-T'etrahydrofuran-2 : 5-dicarboxylit 
Acids, Muconic Acid, and A'-cycloButene-1 : 2-dicarborylit 
Acid. 


The ester (360 grams of the meso- or racemic dibromo-ester, 
454 grams of either di-iodo-ester) was heated to 100° and poured 
in a thin stream into a boiling 6N-solution (1800 c.c.) of dry potass- 
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jum hydroxide in pure methyl alcohol, the experimental conditions 
ying similar to those employed in the case of dibromoglutaric 


ester. 
Muconic Acid (XIII). 


The insoluble potassium salts, which consisted almost exclusively 
of potassium muconate and potassium bromide, were collected, 
thoroughly washed with methyl alcohol, then dried, and mixed 
vith an excess of dilute hydrochloric acid. After some hours, the 
precipitated muconic acid was collected and washed with water. 
it was identified by analysis (Found: C=50°8; H=4°4. Calc., 
(=50'7; H=4:2 per cent.), by its high m. p. (301—305°) and 
remarkable insolubility, and by the m. p. of its methyl and ethyl 
eters (154° and 62° respectively). 

In preparing muconic acid for further research by this method, 
itis sufficient to use the crude oil obtained by the action of ethyl 
alkohol on the dibromination product of adipic acid, as distillation 
or crystallisation of the separate isomerides does not improve the 
ultimate yield of muconic acid, which, even from the crude mixture 
of esters, amounts to 50 per cent. of the weight of adipic acid 
employed. 

The aqueous solution from which the muconic acid was pre- 
tipitated was found to contain, besides a trace of muconic acid, a 
very small amount of an acid syrup, which was added to the alcoholic 
lution of the potassium salts. 


cis-T'etrahydrofuran-2 : 5-dicarboxylic Acid (X1). 


The methyl-alcoholic solution of potassium salts was diluted 
with a large volume of absolute ethyl alcohol, and the potassium 
ult which gradually separated was collected by filtration. 

The filtrates were evaporated and the residue worked up for 
iid products with the aid of acetone as solvent. The gummy 
uixture of acids was then quantitatively esterified with ethyl alcohol 
by the benzene method, and the esters were separated by distilla- 
tin through a short fractionating column into four fractions : 
a) b. p. 145—150°/10 mm., (6) b. p. 150—158°/10 mm., (c) b. p. 
li8—166°/10 mm., and (d) b. p. 166—174°/10 mm. Each fraction 
vas now boiled for four hours with 1-2 times its weight of potass- 
im hydroxide in 1:2N-ethyl-alcoholic solution. The product 
fom fraction (a) usually deposited crystals, but not the others. 
Ether was now added to the four products of hydrolysis in 
(uantities proportional to the weights of the original fractions 
id the addition repeated daily until the product from fraction 
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(d) commenced to crystallise. The potassium salts were the 
collected, and, along with the salt which separated from the mixtur 
of methyl and ethyl alcohols, worked up for acid products. 

When either of the meso-halogen esters was used, there wa; 
generally no difficulty in obtaining these acid products in the solid 
condition, the principal constituent being cis-tetrahydrofuran. 
2: 5-dicarboxylic acid, which was purified by crystallisation from , 
mixture of ethyl acetate and light petroleum in prisms, m. p. 124~ 
125° (Found : C=45°0; H=5'1. M=159. Calc.,C=45°0; H=5y 
per cent. M=160) (compare Lean, T., 1900, 77, 110; Le Sueur, 
T., 1908, 93, 716). 

The residues from the crystallisation of the tetrahydrofuran. 
dicarboxylic acid yielded a solid substance, m. p. 110—137°, whieh 
as it dissolved in moderately concentrated, ethyl-alcoholic potass. 
ium hydroxide solution without the formation of a precipitate, 
was added to the combined alcoholic filtrates from which the 
potassium salt of the tetrahydrofurandicarboxylic acid had been 


obtained. 


Al-cycloButene-1 : 2-dicarboxylic Acid (XIV). 


When either of the esters of the racemic dihalogenated acids was 
used for these experiments, the products obtained in place of cis. 
tetrahydrofuran-2 : 5-dicarboxylic acid consisted of straw-coloured 
syrups, which resisted every effort to separate them into their con- 
stituents until it was discovered that crystals could be obtained 
from products of esterification with methyl alcohol. 

The methyl esters were prepared by the action of methy] iodide 
on the silver salts, and crystallisation, having been started, was 
allowed to proceed in ethyl-alcoholic solution at —30° to —35°. 
The solid ester was purified by crystallisation from light petroleum. 
It melted at 44—45° and was identified as the methyl ester of 
A}-cyclobutene-1 : 2-dicarboxylic acid by analysis (Found : C=56°; 
H=6°0. Calc., C=565; H=5-9 per cent.), by the formation of 4 
crystalline dibromide, m. p. 84 (Found: Br=48°7. Calc., Br=48% 
per cent.), and by hydrolysis to the corresponding unsaturated acid, 
which, after crystallising from water, melted at 177°, and closely 
agreed in its properties with the acid described by Perkin (loc. cit.) 
(Found: C=50°9; H=4°35. Cale., C=50°7; H=4-2 per cent). 


trans-T'etrahydrofuran-2 : 5-dicarboxylic Acid (XII). 


The methyl-alcoholic filtrate from which the unsaturated ester 
had crystallised was evaporated, and the oily residue was dissolved 
in chloroform. Bromine was added until the colour was perma 
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nent, and the product, after the solvent had been evaporated, was 
distilled. The distillate, b. p. 127—131°/10 mm., was then hydro- 
lysed by means of 2N-ethyl-alcoholic potassium hydroxide solution, 
and, after evaporation of the alcohols, the acid product was isolated 
in the usual manner, acetone being the solvent employed. The 
syrup obtained consisted mainly of the cis- and trans-forms of the 
tetrahydrofurandicarboxylic acid, and from it the cis-acid was 
caused to crystallise as completely as possible in the presence, first 
of ethyl acetate, and finally of a mixture of this with light petroleum. 
The final residues, on mixing with concentrated hydrochloric acid, 
quickly set to a thick paste of crystals of the trans-acid, which was 
collected on porous tile and dried over phosphoric oxide in a vacuum. 
The acid melted at 94—95° (Found: C=44:95; H=5°35. Calc., 
(=45°0; H=5-0 per cent.), and its hydrate at 63—65°, as recorded 
by Lean (loc. cit.). 

The acids contained in the liquid taken up by the porous tile 
were found to be soluble without the separation of a precipitate in 
ethyl-alcoholic potassium hydroxide solution, and were therefore 
added to the ethyl-alcoholic solution from which the original 
potassium tetrahydrofurandicarboxylates were obtained. 

A separation of cis- and trans-tetrahydrofuran-2 : 5-dicarboxylic 
acids may also be effected by fractional esterification with ethyl 
alcohol in the presence of zinc chloride, the first portion of the 
material to become insoluble in water consisting principally of the 
trans-ester. 

Another method of separation consists in fractionally hydrolysing 
the mixed esters. When ethyl-alcoholic potassium hydroxide 
solution is used, the first crop of crystals which separates consists 
almost entirely of the potassium salt of the trans-acid. However, 
it was found to be difficult to purify the cis-acid by this method 
owing to the slight solubility of its potassium salt in alcohol. 


meso-«5-Dihydroxyadipic Acid (IX). 


The combined ethyl-alcoholic filtrates from the potassium salts 
of the tetrahydrofurandicarboxylic acids were evaporated to dryness, 
and the residue worked up for organic acids with the aid of acetone 
as solvent. The solid product was crystallised from acetone, and 
the less soluble fraction thus obtained again crystallised from water, 
from which it separated in small prisms, m. p. 174° (Found: 
C=403; H=5-7. Cale., C=40-4; H=5°6 per cent. Found: 
for the silver salt, Ag=55°0. Calc., Ag=55'1 per cent.) (compare 
Rosenlew, loc. cit.). 
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r-«d-Dihydroxyadipic Acid (X). 


The more soluble residues from the crystallisation of the me. 
acid were purified by crystallisation from ethyl acetate until th 
m. p. remained constant at 146° (Found : C=40°2; H=5°6. (Cake, 
C=40°4; H=5°6 per cent. Found: for the silver salt, Ag=544, 
Cale., Ag=55'1 per cent.) (compare Rosenlew, loc. cit.). 

The ultimate residue obtained after crystallising the two isomeric 
dihydroxyadipic acids was syrupy in character, but on treatment 
with appropriate solvents (pp. 968, 969) yielded small amounts of 
both the cis- and trans-forms of tetrahydrofuran-2 : 5-dicarboxylie 
acid (q.v.). 


In conclusion, I desire to express my indebtedness for the valu. 
able criticisms and suggestions which I have received on many 
occasions at Professor Thorpe’s research meetings from various 
members of this College. 

I wish also to thank the Chemical Society for a grant by means 
of which a large proportion of the cost of this research has been 
met. 
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CVI.—The Velocity of Reaction in Mixed Solvenis 
Part I. The Velocity of Saponification of Two 
Ethyl Esters in Ethyl Alcohol-—Water Mixtures. 


By Augert Eric CasomoreE, Hamitton McComste, and Harold 
ARCHIBALD SCARBOROUGH. 


THE velocity with which the same reaction takes place in a series 
of widely differing solvents has been measured in numerous cases, 
but only a very limited number of reactions have been investigated 
in solvent media containing varying proportions of two constituents. 

If a curve be drawn showing the relation between the velocity 
constant k& and the composition of a binary solvent medium, is it 
to be assumed that & is a linear function of the composition of the 
solvent medium? The evidence appears to be very conflicting, 
but in investigations covering a wide range of reactions and widely 
differing solvent media it would appear that a maximum or minimu 
or a marked change in the direction of the curve is a commol 
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feature (Herz, Ber., 1907, 40, 2898; Tubandt, Annalen, 1907, 354, 
959; Burrows, T., 1919, 115, 1230; Bohnsen, J. Physical Chem., 
1920, 24, 677). Nevertheless, in the case of the formation of the 
quaternary ammonium salts in binary solvent mixtures, the con- 
dusion is drawn that & is a linear function of the composition of 
the solvent, provided the components have similar chemical char- 
acters (Hemptinne, Zeitsch. physikal. Chem., 1899, 28, 225). 

In the majority of these investigations the number of the mixtures 
of the two solvents in which the reaction has been examined has 
been too small for any very definite conclusions to be drawn. 

Ethyl alcohol and water have been used as the components of a 
solvent medium in numerous cases (Walker, T., 1897, 71, 489; 
Bredig, Ber., 1906, 39, 1756; Goldschmidt, Zeitsch. physikal. 
Chem., 1907, 60, 728; Lapworth, T., 1908, 93, 2167; Fawsitt, 
T., 1914, 105, 609; Bohnsen, loc. cit.), and it is very noticeable 
that whether the action of water is to accelerate or to retard the 
reaction, the curve shows points of inflexion. 

The velocity of esterification of benzoic and substituted benzoic 
acids in aleohol containing up to 10 per cent. of water has been 
shown to be inversely proportional to a function of the concentration 
of the water over this range (Kailan, Monaish., 1906, 27, 543 et seq.), 
a result which is the reverse of that obtained in our present 
investigation. 

A complication is introduced into the study of reactions taking 
place in aleohol-water mixtures when one of the reactants is 
capable of forming a metallic ethoxide. An equilibrium is then 
set up which will be expressed by the equation : 


MOH+C,H,-OH =MOC,H,+H,0, 


consequently a reaction may proceed in such a way that simul- 
taneously a derivative of the ethoxide and of the hydroxide will 
rsult. It is improbable that these two simultaneous reactions 
will proceed with the same velocity and will be equally influenced 
by the changing of the solvent medium. The rate of reaction 
between o-dinitrobenzene and sodium alkyloxide in alcohol-water 
mixtures has been determined and the proportion of the hydroxy- 
to the ethoxy-derivative estimated (Lobry de Bruyn, Rec. trav. 
thim., 1899, 18, 41). Even in alcohol—-water mixtures containing 
‘large percentage of water the proportion of ethoxy-derivative is 
exceptionally large; and in any one experiment this proportion 
mains constant. It has been deduced from this ratio that sodium 
divides itself between alcohol and water in proportion to the amounts 
of derivatives formed. This deduction does not appear satis- 
factory, as the equilibrium between the metallic ethoxide and 
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hydroxide will be continuously disturbed by the simultaneoy 
reactions taking place at different speeds, and at the same tim 
will tend continuously to maintain itself and must be fixed, ther. 
fore, by the composition of the solvent. Reactions showing , 
similar complication have been investigated by Donnan (Zeitsc), 
physikal. Chem., 1909, 69, 159), Senter (T., 1915, 107, 1070; 1916, 
109, 681) and Cox (T., 1920, 117, 493). 

In a previous communication, McCombie and Scarborough 
(T., 1915, 107, 156) began an investigation on the velocity o 
saponification of ethyl benzoate in ethyl alcohol—water mixtures, 
the composition of the solvent being expressed as volume per cent. 

The curve showing the relation between k and the composition 
of the solvent was found to correspond, in outline, with that obtained 
by Kremann (Monaish., 1905, 26, 279), who studied the rate of 
saponification of ethyl acetate under similar conditions. A closer 
examination of our curve showed certain points of inflexion uw. 
observed by Kremann. At this point the work was interrupted; 
it has now been resumed and the conditions of experiment have 
been considerably altered. Two esters were chosen, ethyl benzoate 
and ethyl isobutyrate, as esters of a typical aromatic and a typical 
aliphatic acid, and, further, the velocity constants of these esters 
were nearly the same. 

A consideration of the results given in Table If shows that the 
value of k, calculated from the equation 


() 


is constant over the range of the reaction. Thus the reaction is 
bimolecular, and may be represented by the equation : 


R-CO,°C,H,+KOH=R-CO,K-+-C,H,-OH. 
From Table I it is evident that the value of & is independent of 


the initial concentration of the ester and of the alkali within the 
limits of error. 

The ratio of the velocity constant for ethyl isobutyrate to that 
of ethyl benzoate is very nearly constant, and appears to have 4 
mean value of 

Retnyi isobutyrate/Kethy! venzoate= 1°1 


for any one solvent mixture. It may be deduced from this that, 
even with two such widely differing esters as these, the chemical 
character of the esters does not influence the general type of the 
curve showing the relation between the velocity constant and the 
composition of the solvent medium. 

In tables III and IV it is seen that the value of & is very small 
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in 100 per cent. alcohol, and increases markedly as the percentage 
of the alcohol is decreased. The value of & in water is of the order 
of 2000 times as great as that in 100 per cent. alcohol. The velocity 
constant for the reaction between the ester and potassium ethoxide 


' in 100 per cent. alcohol has been found to be very small, and about 


one-third (k=0°0005) of that for the reaction between potassium 
hydroxide and the ester in 100 per cent. alcohol. This is in agree- 
ment with the results obtained by Kremann (loc. cit.). It is to 
be presumed that this reaction may be represented by the equation : 


R-CO,°C,H;+KOC,H,;=(C,H;),0+R-CO,K ; 
the amount of ether formed in this reaction would be too small 
for detection. 


From results obtained by Lobry de Bruyn (loc. cit.) it must be 
concluded that the equilibrium in 100 per cent. alcohol, 


KOH+C,H,-OH == KOC,H,+H,0, 


must proceed almost exclusively towards the right. Thus, as the 
concentration of the potassium hydroxide, as such, must be very 
low, it follows that the velocity of saponification of an ester by 
potassium hydroxide in absolute alcohol is not truly represented 
by the observed value. 

A consideration of the curves seems to show that we are dealing 
with some process which passes through a succession of phases, 
in each of which the relation between the velocity constant and 
the composition of the medium is approximately linear. It was 
found that the curves could be divided into four phases, of which 
the first is expressed very inadequately by a linear function. The 
observed and calculated values for two phases are given in the 
appended table : 


Ethyl Benzoate. 


Alcohol Alcohol 
per cent. Kobe Kcales per cent. Kobe Kealce 
97°5 0°0165 0°0161 j 0°133 0-131 
95 0°0279 0°0274 0°205 0-210 
90 0°0487 0°0461 0°243 0-241 
85 0°0633 0:0670 y 0°280 0°278 
0°290 0°289 


There is a period of transition between 35 per cent. and 30 per 
cent. alcohol. The points of intersection of these straight lines 
were calculated, and the critical points were found to be 80°5, 60, 
and 31 per cent. alcohol; these points are common to the curves 
for both esters. It was noticed that these percentages corresponded 
very closely with simple integral ratios; it seemed possible that 
complexes might exist composed of the two components of the 
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solvent in the proportions of these percentages. The value 9; 
per cent. alcohol corresponds very closely with the compositio, 
required by the complex 5C,H;-OH,3H,0; similarly, 60 pe 
cent. alcohol corresponds with a complex of the compositic, 
3C,H,-OH,5H,O, and 30 per cent. alcohol with a complex of th 
composition C,H;-OH,6H,0. 

At this stage of the proceedings it seems to the authors premature 
to offer any explanation of these phenomena; it is their intention 
to extend the investigation to the esters of other fatty acids and 
of substituted aromatic acids in alcohol—water mixtures and in 
other pairs of solvents. Certain reactions other than the saponi- 
fication of esters are being studied. 


EXPERIMENTAL. 


The ethyl alcohol was obtained from rectified spirit and purified 
by distillation with lime and a subsequent, prolonged boiling with 
sodium hydroxide. It was then fractionated carefully, and, by 
means of a pyknometer, its density, determined at 15°, compared 
with that of water at 4°. In order to prepare an alcohol-water 
mixture of a definite composition, a weighed quantity of this 
alcohol was mixed with the calculated weight of water, and its 
density again determined. The mixture was adjusted, if necessary, 
with either alcohol or water until the composition was within 
0°05 per cent. of that required. Two determinations of the density 
of the final mixture were made. The alcohol—water mixtures were 
stored in sealed bottles, and the composition was found to remain 
constant during long periods. 

A quantity of the alcohol obtained from the rectified spirit was 
treated several times with anhydrous copper sulphate, and by this 
means an alcohol of 99 per cent. was obtained. To this was added 
an excess of metallic calcium, the mixture was boiled for ten hours 
and finally distilled, the distillate being protected by a phosphoric 
oxide guard-tube. The density of this alcohol showed that it was 
anhydrous. 

The two esters chosen, ethyl benzoate and ethyl isobutyrate, 
were prepared by the usual methods, and were purified by two 
fractional distillations, the ethyl benzoate being distilled undet 
diminished pressure. 

The hydrochloric acid solutions employed for the titrations 
were made up in bulk and standardised gravimetrically agains! 
silver nitrate. The potassium hydroxide solution showed only 4 
small difference when titrated against the acid, using methyl- -orange 
and phenolphthalein as indicators. Just previous to an expét 
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ment, a piece of stick potassium hydroxide was immersed in freshly 
distilled water, dried between filter-papers, ground up in an agate 
mortar, and transferred to the alcohol—water mixture. This series 
of operations was carried out as quickly as possible, and by this 
means the presence of potassium carbonate was eliminated. The 
potassium hydroxide solution was then adjusted to the required 
strength by titration against the standard acid, phenolphthalein 
being used as indicator. 

The experiments were carried out at 30°. The thermostat was 
gas-heated and maintained at 30°+0°05 by means of a spiral 
toluene-mercury regulator. 


—— Ethyl Benzoate. 
---- Ethyl isoButyrate. 
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All measuring instruments were calibrated. In the case of the 
pipettes, a length of capillary tubing was sealed in just above the 
bulb, the graduation mark occurring about midway in this capillary. 
The error in delivery of such pipettes is negligible. 

In the reaction mixture, about 1°5—2°5 moles of potassium 
hydroxide were present to one mole of the ester, except in those 
cases where the influence of the concentration of one of the reactants 
was being studied. 

The course of the reaction was followed by withdrawing 10 c.c. 
of the reaction mixture and running into standard hydrochloric 
wid. The amount of hydrochloric acid was regulated by using 
for the first reading some 3 c.c. less than that calculated to neutralise 
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the potassium hydroxide originally present in 10 c.c. of the reaction 
mixture; the titration was then completed. At each subsequent 
reading the amount of hydrochloric acid was reduced in such , 
manner that about 1 c.c. of the standard acid was required to 
complete the titration. This amount was estimated by doubling 
the difference between the two previous titrations. The effect due 
to the free potassium hydroxide, even in the case of the ester 
most easily saponified, was negligible, and, further, by this means 
the cumulative errors due to a double titration were avoided. The 
indicator used was phenolphthalein. 

In alcohol—-water mixtures containing less than 30 per cent. 
of alcohol, the solubility of the ethyl benzoate was so small 
that the concentrations employed rendered it necessary to take 
20 or 25 c.c. samples in order to maintain the sensitiveness of the 
titrations. 

In the neighbourhood of those points where marked changes in 
the direction of the curve occur, the constant was determined for 
varying concentrations of one of the reactants and constant con- 
centrations of the other reactant. 

The results are shown in the following tables and curves. It 
is seen from the figures of Table I that, within the limits of experi- 
mental error and within the limits examined, the velocity constant 
is not influenced by changes in the concentration of either of the 
reactants. 


TABLE I. 


Alcohol 
Con. Cester. per cent, 
isoButyric 0:05587 0:03333 70 0-124 
0:05587 0°02526 vs O-112 
0°05587 0:01666 ii 0-122 
0°05587 0°01263 “ 0-122 
005500 001111 ‘ 0-116 
0:02438 0:00833 i 0-112 
0:01760 0-01800 a Or115 
0°01543 0-01111 O11; 
Benzoic . 0-05823 0°03333 0-085 
0°05823 0:02222 é' 0-085 
0:02823 O-O1111 0-085 
0-01900 0:00952 1:22 
0°01198 000952 - 1:27 
001900 000634 Ili 


The value of & is, in each case, tie mean of some eight deter- 
minations. The velocity constant was calculated from the equ 
tion (i), where a and b are the concentrations of the alkali and af 
the ester respectively, expressed as moles per litre, and ¢ 18 the 
time expressed in minutes. 
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In Table II are shown representative results for the saponification 
of the two esters in given alcohol—water mixtures, indicating the 
limits between which & varied for any one experiment and the 
extent to which the saponification was usually carried. 


TABLE IT, 


Ethyl Benzoate. 
25 per cent. alcohol. 


a=0°02153; b=0-00853. 
HCl=0-02305N. 


t. «v.10. 
30 0°0337 
45 0°0427 
60 0°0516 
75 0°0571 
90 0°0620 
105 0:0660 
120 U'0685 
150 0°0737 
180 0:0772 


eeeoeeee 
MoOmamamawnw 
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© 
ea 


Mean 0°82 


Esier ssponified —90°6 per cent. 


Ethyl isoButyrate. 
85 per cent. alcohol. 


a=0°05224; b=0°03333. 
HCl=0°02367N. 


é. «.10. k. 
60 0°0644 0:073 
90 0°0904 0°072 
120 0°1077 0:070 
150 0°1219 0°069 
180 0°1373 0°073 
240 0°1696 0-070 
305 0°1933 0-071 
360 0°2406 0-071 
420 0°2242 0-070 


Mean 0-071 


Ester saponified = 67:3 per cent. 


The experimental results are shown in tables III and IV. 


TaB_e III. 


Ethyl Benzoate. 


Aleohol 


per cent, Con. 


0°06097 
0°05771 
0°04577 
0:05770 
0°04523 
0°05230 
0-05823 
0°05893 
0°06345 


Cost or. 
0-03333 
0-02222 


0-03333 
0-02222 
0-07140 0°03333 
0-06522 0-02222 
0-06283 = 

0-06170 cs 

0-05583 
0-04283 
0-04417 
0°02153 
0-01920 


0-01333 
0°01666 
0°00853 
0°00952 


Limit 


k. 
0:00165 
0°0165 
0-028 
0°0485 
0°0635 
0078 
0°085 
0°0935 
0°106 
0°133 
0°205 
0°243 
0-280 
0°290 


0:0016—0:0020 
0°016 —0°017 
0°029 —0-0265 
0°048 —0°0495 
0°065 —0-0625 
0:079 —0:°077 
0°0875—0-0835 
0°089 —0-°094 
0-11 —0-°102 
0-128 —0°14 
0°202 —0:210 
0°238 —0°249 
0°272 —0°284 
0°283 —0°297 
0°351 —0°361 0°355 
0°418 —0°431 0°425 
0°81 —0°84 0°82 
1:20 —1:25 1°22 
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TABLE IV. 


Ethyl isoButyrate. 
Limit 
Cester. k. 
0°06097 0°03333 0°0016—0-0020 
0°05771 0°017 —0-020 
0°07112 0°029 —0:033 
0°06137 0°049 —0°051 
0°05224 0°070 —0-:073 
0°05662 * 0:079 —0-083 
006090 0°02222 0°091 —0:-095 
0°05893 0°03333 0-102 —0:109 
0°05500 O-O1111 0°111 —0°117 
0°05214 0°02222 0°165 —0°182 
0°04530 - 0°225 —0°233 
0°03851 0-01666 0°276 —0:290 
0°04680 - 0°321 —0°355 
0°01642 0°01333 0°404 —0°426 
0°01376 0°00741 0°585 —0°606 
0°01226 0°00556 0-79 —0°84 
0°01066 9 112 —1:20 


Conclusions. 


(1) The reaction is bimolecular and the velocity constant is 
independent of the initial concentration of the ester or of the alkali. 


(2) The curves for ethyl benzoate and for ethyl isobutyrate 
showing the relation between the value of k and the percentage 
composition of the medium are very nearly parallel. 

(3) The curves show that we are dealing with a process divisible 
into a succession of four phases, and the relation between the 
value of & and the composition of the solvent is linear for each 
phase. 

(4) The critical points occur at such compositions of the solvent 
medium that molecular complexes between alcohol and water 
seem to be indicated. 


The authors beg to express their thanks to the Government 
Grant Committee of the Royal Society for funds placed at their 
disposal which have defrayed the cost of the research. One of 
us (A. E. C.) begs to express his thanks to the Department of 
Scientific and Industrial Research for a grant which has enabled 
him to collaborate in this work. 
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CVII.—The Influence of Position on the Solubilities 
of the Substituted Benzoic Acids. 


By NEvIL Vincent Srpe@wick and Exrnor KATHARINE EWBANK. 


Ir has already been shown (Sidgwick, Spurrell, and Davies, T., 1915, 
107, 1202) that whereas in most di-derivatives of benzene the 
position of the substituents has little influence on the solubilities 
in the liquid state, in others, in which the substituents may be 
presumed to react with one another, this is not the case, and the 
ortho-compounds behave quite unlike the meta- and para-. The 
same was found to hold with the vapour pressure of the compounds, 
either in the pure state, or on distillation with steam (Sidgwick, 
ibid., 1920, 117, 389, 396). Substances of the former class were 
described as normal, those of the latter as abnormal. 

Among the substituted benzoic acids, the toluic are strictly 
normal, while the hydroxybenzoic are markedly abnormal in their 
vapour pressure, and also, so far as is known, in their solubilities. 
The object of the present investigation was to examine the solu- 
bilities of these and other derivatives of benzoic acid in detail, in 
avariety of solvents. ‘The acids examined were the hydroxybenzoic, 
hydroxytoluic, nitrobenzoic, and chlorobenzoic (ortho-, meta-, and 
para- in each case); the solvents were in all cases water and benzene, 
and with several acids ethyl and butyl alcohols, and n-heptane. 
For comparison with the mono-substitution products, the solu- 
bilities in water and benzene of benzoic, phenylacetic, and 8-pheny]l- 
propionic acids were also measured. 

The solubility of o-hydroxybenzoic acid in water has been 
measured by Alexejeff (Wied. Ann., 1886, 28, 305), and that of the 
hydroxy-, nitro-, and chloro-benzoic acids in water by Flaschner 
and Rankin (Sitzwngsber. K. Akad. Wiss. Wien, 1909, 118, IIb, 
695). We were not aware of the latter work until our own was 
partly finished. Our results with the first two groups are in sub- 
stantial agreement with theirs; the chloro-acids we did not examine 
in water. Numerous measurements have been made of the solu- 
bilities of these acids at lower temperatures, such as 25°, which do 
not immediately concern us. One paper, however, by Walker and 
Wood (T., 1898, 73, 618), on the hydroxy-acids, although the 
measurements do not extend beyond 75°, contains results of 
unusual interest, which are discussed at the conclusion of this 
paper. 
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Fria. 1. 


Solubility of hydroxybenzoic acids in benzene and heptane. 


Ortho — O Full curves benzene. 
Meta — + Dotted curves - - - heptane. 
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EXPERIMENTAL. 
Purification of Materials. 


The methods by which the acids were prepared and _ purified 
have already been described (T., 1920, 117, 401). Their melting 


points were as follows : 
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Benzoic, 122°7°; phenylacetic, 76°7°; 8-phenylpropionic, 48°6°. 
Hydroxybenzoic : ortho-, 159°0°; meta-, 201°5°; para-, 213-0°. 
Hydroxytoluic (it is convenient to arrange the substituents in 
the order of their influence on the properties under dis- 
cussion) : 
CO,.H:OH:CH,: 1:2:3 1:2:4 1:2:5 1:3:4 1:4:3 
Melting point : 167:0° 177°8° 152°5° 208°5°* 172°4° 
Nitrobenzoic: ortho-, 146°8°;} meta-, 141°4°; para-, 242°4°. 
Chlorobenzoic : ortho-, 140°3°; meta-, 154°5°; para-, 241°5°. 


. Fia. 2. 
Solubility of hydroxytoluic acids in water. 


Temperature. 


40 ~=©60~—— 80s & 100 
Weight per cent. acid. 


* The melting point obtained for this acid depends on the conditions of 
‘xperiment, as it begins to decompose above 200°. In a capillary tube, 
mmersed suddenly in an already heated bath, it melts at 208°5°. In the 
previous paper (Joc. cit., p. 402) the melting points of the 1: 3: 4- and 1:4: 3- 
«ids were unfortunately transposed. 

t Goldschmidt (Zeitsch. physikal. Chem., 1898, 25, 91) finds the melting 
pnt of this acid to be 144-0°, in opposition to the usually accepted value, 
\{7°, We find it to melt sharply at 146-8°. 
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Of the solvents used, the benzene was freed from thiophen by 
treatment with sulphuric acid, and frozen out seven times; the 
ethyl alcohol had been distilled over calcium oxide, and its strength, 


Fia, 3. 


Solubility of hydroxytoluic acids in benzene and heptane. 
:2:3—O— Full curves benzene. 
:2:4—@— Dotted curves - - - heptane. 
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as measured by the density, was 99°0 per cent.; the n-buty] alcobdl 
was repeatedly fractionated, and distilled within 0°1°; the heptabt 
was a specimen from Pinus sabiniana, which had been purifi 
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en byfty the method of Thorpe (T., 1879, 35, 296), by treatment with 
3; theffsulphuric and nitric acids, and distillation. 
ength, Fig. 4. 
Method of Measurement. Solubility of oe ae in benzene and 
The solubilities were Ortho—O— Full curves —— benzene. 
determined synthetically. Mea—-+— Dotted curves - - - heptane. 
Weighed quantities of 
the acid and the solvent 
were enclosed in bulbs, 
which were then sealed 
and heated in a suitable 
bath. With solvents 
other than water, a cor- 
rection was made at 
higher temperatures for 
the amount present as 
vapour in the bulb; for 
this purpose, the vapour 
pressure of the saturated 
solution was assumed to 
be half that of the pure 
solvent at the same 
temperature: a direct 
measurement of the 
vapour pressure of a 
saturated solution of m- 
hydroxybenzoic acid in 
benzene showed that be- 
tween 160° and 210° this 
assumption is sufficiently 
near the truth. The 
thermometers had been 
compared with a standard 
instrument, and all read- 
ings were corrected for 
theemergent stem. The 
concentrations are ex- 
pressed in grams of acid to 100 grams of solution. 
The results are given in Table I, and plotted on Figs. 1—6. 
One or two points may be added. 
alcohdlf§ »-Hydroxybenzoic acid crystallises with a molecule of water (the 
eptane ‘oncentrations, of course, refer to the anhydrous acid). The 
purified tansition point was determined in a dilatometer with water, and 
VOL. CXIX. MM 
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was found to be 62°0°. The solubility values confirm this result; 
a distinct break is to be observed in the curve at this temperature, 
1: 4:3-Hydroxytoluic acid also forms a hydrate, with half q 


Fia. 5. 


Solubility of chlorobenzoic acids in benzene and heptane. 


Ortho — O — Full curves benzene. 
Meta — + — Dotted curves - - - heptane. 
Para — X — 
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molecule of water. The transition point, as shown by the solubility 
curve, is 99°5°. 

In heptane, the acids the solubility of which is small, appeared B he see 
to decompose very little above their triple points, and so the curves & gojnti, 
were not carried further. not, a 
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The determinations with benzoic acid and water were only 
intended to supplement the results of Alexejeff (loc. cit.). As will 


Fic. 6. 


Solubility of benzoic, phenylacetic, and on ylpropionic acids in 
water and benzene 
Benzoic acid: Alexejeff —%®— Pull curves —— water. 
S. and E.— O — Dotted curves - - - benzene. 
Phenylacetic acid — + — 
B-Phenylpropionic acid — X — 
160° 
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eared be seen from Fig. 6, our results agree with his as regards the critical 
urves @ solution temperature, but we find the triple point to be 95:0°, and 


hot, as he states, 98°. 
MM2 
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TABLE [. 


(All solubilities are expressed in grams of acid to 100 grams of 
solution). 
A. Hydroxybenzoic Acids. 


Solubility in Water. 
Ortho-. Meta-. Para-. 


Temp. Temp. 

Sol’. (Solid). (Liquid.) Sol’. Temp. Sols. Temp. 
100-0 159-0° 100°0 201°3° 100-0 213-0° 
89°75 131°8 70°80 134-0 85°20 167°0 
80-00 119°5 49°85 109°8 71°30 1375 
65°40 109°5 7 33°85 98°3 51°95 114-0 
48°18 107-2 ; 25°22 93°3 46°60 109°5 
34°02 106°7 , 14-70 84°6 29°47 97:0 
16°82 105°6 ‘ 9°85 79°6 19°66 89°6 

8°02 101°4 ‘ 611 69°0 11°85 80'1 
5°27 97°9 9°28 75°7 
2°026 80-0 6°07 68°2 
0°717 56°0 5°22 65°1 
0°557 50°0 4°75 63:0 
Critical solution 4°20 60:2 
COTA. crccccsscees 89°5° 3°20 56°0 
2°38 50°9 

Transition point of 
hydrated acid ... 62°0° 


Solubility in Ethyl Alcohol (99°0%). 


100°0 201°3 : 213-0 
81°7 169°0 ¥ 1840 
61°3 132-0 , 136°5 
39°6 65°0 ° 67:0 


Solubility in n-Butyl Alcohol. 
180°3 ; 193°8 
151-2 P 167-0 
115°0 . 1161 
36°5 /p 62-0 
32°5 

Solubility in Benzene. 

100°0 201°3 , 2130 
83°3 192°5 ‘ 206°0 
62°3 185°5 51° 198°8 
41°6 182°5 ‘ 195°7 
22°4 173°0 ‘ 191°5 
10°54 162-0 5 1780 
5°16 154°5 . 165°3 
2°95 141-0 . 156°9 
1°23 122°5 . 1322 


Solubility in n-Heptane. 
2°00 = 197°O(liq.) 1:30 —-208°5(liq, 
0°86 176°0 1-06 197°0 
Triple point 197°0° Triple point 208°5° 


° 


el ee ee ee ee eee 


— 
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TABLE I. (continued). 
B. Hydroxytoluic Acids. 


(Points at which a second liquid layer separates are marked L.) 


Solubility in Water. 
(0.H:0H:CH, CO,H:OH:CH, CO,H:0H:CH, CO,H:OH:CH, CO,H : OH: CH, 
25238 ature 3329 1:3:4 s&€s@ 


Soly. Temp. 


2:20 g 
0-364 80-7 


131-0° . Transition point 
of hydrate ..... 99°5° 


145-2° 


Solubility in Benzene. 


90 
71 
52: 
29- 
10- 
4° 
2- 


“1-3 © @~3<! 
sono 


157-3 


135-0(L) 


Triple Triple 
point 202° point 168° 


C. Nitrobenzoic Acids. 


Solubility in Water. 
Ortho-. Meta-. Para-. 
Sol’, Temp. Sol’. Temp. Sol’. Temp. 
1000 146°8° 100-0 141°4° 242-4° 
90°38 . 89°76 =: 1048 184°8 
79°32 90° 79°52 85-4 168°6 
59°85 “t 60°85 97°7(L) 163°5 
39°92 , 40°31  108°4(L) 158-8 
19°24 19°85  107°8(L) : 153-0 
9°48 ’ 9-90 99°3(L) 177-0 
185 “ 4°57 79°3(L) 
Triple point 76°8° 
Critical solu- 
tion temp. 109°0° 
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TaBLE I. (continued). 


Solubility in Benzene. 


Temp. Sol’. Temp. 
141°4 100-0 242-4 
121-0 82-1 222-0 
105°0 54°8 201°6 

89°5 33°42 196°5 
65°2 21-10 183°4 
48°0 9°45 164°5 
33°0 


Solubility in Heptane. 
135-0 2°07 123°4 
130°5(L) 1-03 103-0 
Triple point 139°6° 135° 
It hi 


D. Chlorobenzoic Acids. substa 
itself, | 


Solubility in Benzene. quite 

Meta-. . isomer 

100-0 154°5 

90°2 142°5 

71:15 125°3 
49°0 
30°1 
9°67 
4°96 
2°25 


on the 
large ¢ 
cerned 
the pr 
the or 
state. 


Solubility in n-Heptane. (the te 


88°68 1347 89°82 147°7 ; ; becom 
68°76 129°8 70°05 =: 1401 . . many 
5190 128-0 50°06 =-:134-2 ton ¢ 
36°39 126-0 30°60 = 1281 om 
12°55 112°8 9-98 105°8 . 5° With « 
10°42 108°8 4°48 89°6 6 +t, 
4°61 94°8 1:92 72:2 entirel, 
2°57 79°0 may b 
salieyli 

: ’ . : me ; the sol 

E. Benzoic Acid. F. Phenylacetic Acid. G. 8-Phenylpionic Acid. begins. 


Solubility in Water. low fo 


Sol’. Temp. Sol’. Temp. — Sol’. . teacher 
100-0 122-7° 100-0 76°7° 100-0 ; and R. 
89°40 103°5 80°96 48°5 94°92 : stance 
80°36 98-0 61-94 94°8(L) 80°30  —-:1015(L) , 

i 77°8(L) 39°69 106°8(L) 60°16 143°5(L) added 
30°78 116-2(L) 20-00 108-0(L) 39°31 150°0(L) is rou: 
5°65 84-7(L) 19°31 149°2(L) Pt 

5°00 —-:119°9(L) Talses 

Triple point 95-0° 45°5° 340° liquid 


Critical solu- mith d 
tion temp. 115-5° 108-0° 150°0° tities p 


i oI S 
MASS etree 
Owwanaoswsd 
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TABLE I. (continued). 


Solubility in Benzene (Points where benzene separates marked B). 


Sol’. Temp. Sol’. Temp. 
100°0 122-7 100-0 4 . 48°6 
80°5 103-0 81°03 : ' 28-0 
59°70 84°4 61°28 . , +12°8 
40°12 66°7 42-98 . , —31 
20°08 43°5 28°00 j , —1°8(B) 
9°40 23°0 19°93 , , +1°5(B) 
4:92 6°5 16°30 ; . +5°5(B) 
13°04 ; 
6°22 
00 


Interpretation of Results. 


It has already been pointed out that the properties of a crystalline 
substance are due to two causes: those depending on the molecule 
itself, and those which arise from the crystalline forces; and that 
quite small differences in structure (such as those between the 
somerides of a normal group), which have practically no effect 
m the behaviour of the fused or dissolved substance, may lead to a 
large difference in any property in which the solid phase is con- 
emed. If, therefore, we are to discover the effect of position on 
the properties of the molecule, we must eliminate the influence of 
the crystalline forces, by considering the solubility in the liquid 
state. This is best characterised by the critical solution temperature 
(the temperature at which the fused substance and the solvent 
become infinitely miscible), whenever this can be determined. In 
many cases the L,—JL, equilibrium is stable, and the critical solu- 
tion temperature can be observed directly, if it is not too high. 
With other substances, this curve is wholly metastable: it lies 
aitirely below the S—Z curve; but if it is not too far below, it 
may be possible to realise it experimentally, as happens with 
salicylic acid, where the solution, supersaturated with respect to 
the solid acid, separates into two liquid layers before crystallisation 
begins. With other substances, however, the L,—Z, area lies too 
lbw for this, and crystallisation always sets in before it can be 
ached. An ingenious method has been devised by Flaschner 
aid Rankin (loc. cit.) for dealing with such cases. A third sub- 
stance, miscible with the acid rather than with the solvent, is 
added to a mixture containing about 40 per cent. of the acid (this 
8s roughly the composition at the critical solution point); this 
raises the temperature of the L,—Z, curve, until finally the two- 
liquid system can be realised. If several measurements are made 
vith different quantities of the third substance, and these quan- 
lities plotted against the temperatures of separation, they are found 
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to give nearly a straight line, at least when the amount of the 
third substance is small; and from this by extrapolation the tey. 
perature for no addition—the critical solution temperature fo 
acid and solvent—can be obtained. This method gives only 
approximate results, and is naturally less accurate the larger the 
extrapolation required; but it is of considerable value. Flaschner 
and Rankin employed it in a series of instances in aqueous solution, 
using chiefly naphthalene, but also benzil, benzophenone, and 
camphor, as the third substance. We find that where the solvent 
is water, sodium chloride can be used as the third substance. Thu; 
with p-nitrobenzoic acid in water, Flaschner and Rankin, using 
benzophenone, obtained the following values, which extrapolate to 
118° for the critical solution temperature (the third line, dt/dw, 
gives the quotient of rise of temperature above the extrapolated 
point by weight per cent. added, and its constancy shows the 
closeness with which the results approach to a straight line) : 

Benzophenone per cent. 10°9 79 6°7 58 (0°0) 

Separation temp 172° 157° 151° 147° — (118°) 

dt/dw 5 49° 4-9° 5°0° — 
Our own results with sodium chloride extrapolated to practically 
the same point : 


Salt per cent. ......... , ‘ 6°03 (0°0) 


Separation temp ‘ ; 164°4° (118°) 
. . € | . 7° 


When the solvent is benzene, it is not easy to select a suitable 
third substance, which should be readily miscible with one con- 
ponent, and little, if at all, with the other. Unexpectedly good 
results were, however, obtained with water, as is shown below 
(the values of dt/dw are calculated back from the extrapolated 
value of the critical solution temperature) : 


o-Hydroxybenzoic acid in benzene : 


Water per cent. ...... 6°97 6°21 4:98 
Separation temp 121°5° 110°5° 91°6° 
dt/dw 15-0° 151° 


m-Hydroxybenzoic acid in benzene : 


Water per cent. ...... ( ) 6°25 
Separation temp ‘ 169°8° 
dt /dw . 8-0° 


p-Hydroxybenzoic acid in benzene : 


Water per cent. ...... 
Separation temp 
dt/dw 


m-Nitrobenzoic acid in benzene : 


Water per cent 
Separation temp 
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In heptane, with o-hydroxybenzoic acid, less satisfactory results 
yere obtained : 

Water per cent. ; 2-00 1°47 0°96 (0-0) 

Separation temp . 154-0° 141-0° 124:0° = (90°) 

32° 35° 35° _ 

The zero value of 90° was got from the two lowest observations ; 
tgives an upper limit for the critical solution temperature. 

When the critical solution temperature cannot be obtained in 
is way, another, less accurate, method may be used, depending 
m the slope of the S—L solubility curve. It is obvious that the 
uiddle part of this is flatter, the nearer it lies to the L,—L, curve. 
ih aqueous solutions (and in one or two cases in other solvents 
iso), Flaschner and Rankin found that if the slope of this curve 
increase in weight per cent. for 1° rise of temperature) at 40 per 
wnt. solute is multiplied by the difference in temperature at this 
meentration between the S—L and the L,—L, curves, it gives a 
umber (2) which is approximately constant. For eleven substi- 
tuted benzoic acids in water they found values of H varying from 
0 to 189 (mostly between 250 and 360), with a mean value of 330. 
\ith benzene or heptane as solvents, we have obtained the follow- 
ng values (the first column gives the slope of the S—L curve, the 
vend the difference in temperature between the two curves at 
“per cent. acid, the third, #, the product of these two) : 


dc/dt Dt E 

Hydroxybenzoic acid, ortho- in benzene ...... 1°62 98°8° 160 
” » meta- ” 2°16 57°3 157 

a » para- “ , 45°5 263 

» ortho- in heptane ... i 52-0 193 


Nitrobenzoic acid, ortho- in benzene “ 130°8 [420] 
106-0 180 


” 


Mean 190 


twill be seen that the values obtained in non-dissociating solvents 
igree about as closely as those in water, and give a distinctly lower 
wan.* It is difficult to see any quantitative theoretical basis for 
tis rule, but the agreement is close enough for it to be worth while 
“amining the results got by applying it to cases where the two- 
ijuid curve lies too low to be reached even by salting out; and 
ty have therefore been calculated in such cases, using the mean 
due 330 for Z in water, and 190 in benzene and heptane. In 
Hable II, all the values of the critical solution temperatures obtained 
‘} any of the three methods are collected, the method employed 
leach case being indicated. It is obvious that little weight can 
“attached to the absolute magnitude of the temperatures obtained 


"The value for o-nitrobenzoic acid is excluded in calculating the mean. 
M M* 
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TABLE IT. 


Critical Solution Temperatures. 


(Obs.=by direct observation. 8.0.=by method of salting out, 
Calc.=calculated by the formula of Flaschner and Rankin fron 
the slope of the S—Z curve, using H=330 for water, and 1% 
for benzene and heptane.) 


Acid 


Hydroxybenzoic 


Nitrobenzoic 


Chlorobenzoic . 


Solvent. 
water 
ethyl alcohol 
butyl alcohol 

benzene 


heptane 
water 
benzene 
heptane 
water 


benzene 
heptane 


Ortho-. 
89-5° Obs. 
v. low 
+17° 8.0. 

(—6° Calc.) 
90° 8.0. 
(91° Calc.) 
52° 8.0.* 
—21° 8.0. 
(+53° Calc.) 

v. high 

126-2° Obs.* 
—52° Cale. 
+99° Cale. 


Meta-. 


—122° Cale. 


v. low 
119° S.0. 
(114° Cale.) 
v. high 


109-0 Obs. 


v. high 
142-8° Obs.* 
— 36° Cale. 
+75° Cale. 


Para-. 

— 229° Cale, 
v. low 
150° §.0, 

(162° Cale.) 

v. high 


118° §.0. 


+84° Cale, 
v. high 
167-0° Obs.* 
—13° Cale, 
+-123° Cale. 


Hydroxytoluic 

(CO,H:OH:CH;) Solvent. 
water 
benzene 


1:2:3- 1:2:4. 1:3: 4-. 1 :4:3- 
153-5° Obs. 145-2° Obs. +9° Cale. +17° Cale. 
—33° Cale. —16° Cale. —47° Cale. +117° Cale. +98° Cale, 
heptane +84° Cale. +111° Cale. +107° Cale.  v. high v. high 

Benzoic acid. Phenylacetic acid 
116-2° Obs. 108-0° Obs. 
v. low v. low 


Solvent. 
Water 
Benzene 


8-Phenylpropionic acid. 
150°0° Obs. 


v. low 


by the third method—indeed, with the alcohols they come below 
the absolute zero—but they show on the whole a remarkable 
regularity, and indicate that there is some definite relation between 
the slope of the solid solubility curve and its distance from the 
two-liquid curve, although the exact form of the function is not 
yet known. 


Nominal Heats of Solution. 


In solvents other than water, the critical solution temperatures 
usually cannot be determined, except by large interpolations with 
uncertain formule, and we have to rely on the solid solubility 
curves alone. The differences between these are much less easy 
to detect. The curves seem to be governed by the melting points 
and heats of fusion of the solid acids (properties depending mainly 
on the crystalline forces) and it is not easy to see how far the 
course departs from the normal. A much clearer view is afforded 
by plotting the heats of solution against the concentration. As 
van’t Hoff has shown,} it is possible, if we know the solubility 04 
a solid in a solvent at two temperatures, to calculate the mea! 


* These observations are due to Flaschner and Rankin, Joc. cil. 
t See also Schréder, Zeitsch. physikal. Chem. 1893, 11, 449. 
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heat of solution (in the saturated solution) by means of the 
equation : 


. < T,—T 
108: = 1985 * TT,” 
where S, S, are the solubilities (expressed as molecular concentra- 
tions) at the absolute temperature 7', 7',, and Q is the heat of 
lution. This equation was applied by interpolating values of 
the temperature on the solubility curves for every 10 (molecular) 
per cent., calculating the heats of solution between each successive 
jair, and plotting the results against the concentration. The values 
« obtained are given in tables III and IV, and those in benzene 
plotted on Fig. 7. 

It must be noticed that this equation only holds on two assump- 
tins: (1) that the solutions obey the gas laws, and (2) that no 
changes of molecular weight occur with change of concentration. 
Asneither of these assumptions can be supposed to hold throughout, 
the results do not really represent the heat of solution, and we have 
therefore called them the nominal heats of solution. They are, 
however, of considerable importance as affording an expression of 
the total departure of the liquid system from the behaviour of an 
ideal solution. With such a solution, the solubility curve is entirely 
determined by the melting point and heat of fusion of the solid, 
ad is independent of the solvent. In this case the curve gives 
the real (and not merely the nominal) heat of solution, which is 
the sum of the heat of fusion of the solid and the heat of mixture 
if the resulting liquid with the solvent. For ideal components 
vhich give a straight line vapour pressure curve the heat of mixture 
zero (Bose, Zeitsch. physikal. Chem., 1907, 58, 621), and hence 
the value obtained is that of the heat of fusion. This varies with 
the temperature, its coefficient being equal to the difference between 
Bite specific heats of the liquid and solid. It was shown by van’t 
Biot (Boltzmann, Festschrift, 1904, 233) that the specific heat of 
‘substance is always less in the solid state than when it is melted ; 
ind this has subsequently been recognised as a necessary consequence 

 Nernst’s theorem. The difference, however, is usually small. 
. ftom the list of thirteen organic substances * given by van’t Hoff 
‘Most of which are taken from the results of Bruner, Ber., 1894, 
7, 2102), it appears that the difference is nearly always less than 


ks M2 kgr.-cal. per gram-molecule per degree; its mean value is 


13. This means that the heat of fusion will always fall with 


, To these may be added anthracene and triphenylmethane, for which 
“differences are 0-009 and 0°016 kgr.-cal. per molecule per degree respec- 
* (Hildebrand, Derschak, Foster, and Beebe, J. Amer. Chem. Soc., 1917, 
#, 2293), 


M M* 2 
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the temperature, but that 50° below the melting point it will hay 
diminished on the average by not more than 0-65 kgr.-cal., an 
only in exceptional cases by as much as | kgr.-cal. The influeng 
of this factor is also regular; it will cause a small continuous {al 
of the heat curve. For example, the specific heat of solid benzo 


Fia. 7. 
Heats of solution in benzene. 
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acid is 0-27 cal. per gram, and that of the liquid 0-37 (van’t Hoff) 
this corresponds with a fall of 0-0122 kgr.-cal. per gram-moleculd 
per degree. The solubility in benzene was measured from the 
melting point (122-7°) down to +6°. The heat of fusion at the 
melting point being 4-83 kgr.-cals., it will have fallen at 6° to 3-4 
With phenylacetic acid, the fall is from 4-3 at the melting point 
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%7 at the lowest temperature (+3°) at which the solubility was 
measured. 

The heat of solution for an ideal pair of components will therefore 
approximate to a horizontal straight line. Such a pair can, of 
course, never separate into two layers. At the other extreme, we 
have those substances which ‘‘ melt under the solvent,’’ where the 
two-liquid area is stable, and cuts across the S—L curve. The 
latter then runs horizontally between the two triple points, and 
over this range the nominal heat of solution is infinite. The cases 
which in practice it is important*to distinguish are the intermediate 
oes, in which the S—L curve shows a certain amount of flattening, 
indicating that there is an unstable two-liquid area some way 
low it. Any such flattening is represented on the heat curve 
by a large increase, and the departures from the normal become 
much more conspicuous. The value of this method of representation 
is well shown by comparing the solubility curves of the nitro- and 
chloro-benzoie acids in benzene (figs. 4, 5) with the corresponding 
carves (Fig. 7) for their nominal heats of solution. The former 
do not indicate clearly whether the behaviour of the isomerides in 
either case is similar or not, whilst from the heat curves it is at 
mice apparent that the chloro-acids are normal and the nitro-acids 
abnormal. 

This method of treatment * is based on the same principles as 
the calculation of the critical solution temperatures from the slope 
of the S—Z curve, but it has a firmer theoretical basis, and avoids 
the somewhat arbitrary selection of a particular concentration. 
Both methods ultimately depend on the variation of the vapour 
pressure of one component in the solution with the concentration. 


Vapour Pressure of the Liquid Acids. 


The vapour pressures of these acids have been determined by 
means of their volatility in steam (Sidgwick, T., 1920, 117, 396). 
This gives the partial pressure of the acid in the vapour from the 
saturated aqueous solution at 100°, that solution being in equilibrium 
tither with the solid acid or with a second liquid phase, according 
s the triple point is above or below 100°. In order to compare 
the properties of the liquid substances, we require to know the 
vapour pressures of the pure liquid acids, and therefore to eliminate 
@ te effect upon them of their dilution by the solvent. When the 
§ vid acid is present, the vapour pressure measured is that of the 
‘@<lid; and from this we can calculate that of the pure liquid at 


* For a further discussion of solubility from the point of view of the heat 
wlations, see Hildebrand, J. Amer. Chem. Soc., 1916, 38, 1451, 2297. 
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Taste III. 


Nominal Heats of Solution in Benzene (Kgr.-cals. per gram-mol) 
Meanmol. Hydroxybenzoic acids. Hydroxytoluic acids. 


per cent. : 
of acid. Ortho-. Meta-. Para-. sH. 2:8: 1:86. 2:8 
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31°8 25°4 22°7 31°9 22°1 

25°3 27°6 22:1 23°7 14°4 

18°6 14:0 16°7 15°7 13°9 
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Hydroxytoluic, 1 : 3: 4- and 1: 4: 3- } Heat infinite (two layers). 
Nitrobenzoic, ortho-, meta-, para- 


Nominal Heats of Solution of Hydroxybenzoic Acids in Alcohols. 


Mean mol. in Ethyl alcohol. in Buty] alcohol. 
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the same temperature if its heat of fusion is known, the two being 
rlated by the formula 


2-3026 log S = Sa Wy ( 4 wt oh 
0 


where p, p’ are the vapour pressures of liquid and solid at 7’, the 
absolute temperature of distillation, and W is the heat of fusion 
in kgr.-cals. per gram-molecule, 7’) being the melting point. When 
the substance melts in contact with water below 100° and there 
ae two liquid phases present, an approximate correction can be 
urived at in this way. At the triple point (which in this case is 
below 100°), we can calculate the value of p/p’ as before, and 
hence we know how much the vapour pressure of the acid is 
diminished by the amount of water dissolved in it at this point. 
further, we know that the vapour pressure is the same for the 
conjugate solution at the other triple point on the dilute side. 
Nearly the same relations hold for temperatures and concentrations 
lying outside the two-liquid area, but not too far from it. Over 
this range the vapour pressure changes very slightly with the 
encentration. The proportion of acid in the saturated liquid at 
100° will not be much less than at the triple point; and hence 
we shall not be far wrong if we assume that the vapour pressure 
of the pure liquid acid is lowered to the same relative extent by 
the amount of water dissolved in it at 100° as it is by the amount 
dissolved at the triple point. The corrected values for the pure 
fused acid are therefore obtained by multiplying the observed 
vapour pressures by the ratio p tiquia/p soia at 100° when the 
slid acid is present during the distillation, and by the same ratio 
at the triple point when two liquid phases are present. The results 
ae given, together with the observed vapour pressures, in Table V. 

The heats of fusion required for this purpose have been obtained 
in most cases by extrapolation from the @-curves in benzene. 
These give satisfactory values for the acids of the ortho-group, 
for which these curves are normal. ‘They are less satisfactory with 
the meta- and para-compounds, for which the Q-curves show a 
large rise. The acids melting in the neighbourhood of 200° begin 
to decompose near this temperature, and the observed melting 
points are too low, which makes the heat of fusion too high; the 
logarithmic form of the equation exaggerates this error. We 
have attempted to measure the heats of fusion by the lowering of 
the melting point on addition of such substances as anthraquinone 
and benzil; but with the less fusible acids no definite readings 
could be obtained, owing to incipient decomposition. Where the 
corrections are for these reasons uncertain, the corrected values, 
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which are undoubtedly too high, are enclosed in brackets. The 
values of the heats of fusion employed are given in Table III, 
those which are obtained by special cryoscopic experiments being 
marked with an asterisk. The value 4-83 for benzoic acid is taken 
from Ciamician and Garelli (Zeitsch. physikal. Chem., 1895, 18, 54). 
extrapolation of the @Q-curves in benzene gave 4:5. From the 
former value we get at the triple point (95°) p tiquia/p sotia = 159, 
The observed vapour pressure by steam distillation was 1-129 mm, 
so that the corrected value for the pure liquid at 100° would appear 
to be 1-:129x1-59=1-79 mm. Kahlbaum’s measurements of the 
vapour pressure of the liquid acid (Zeitsch. physikal. Chem., 1898, 
26, 603) (by a rather large extrapolation, his lowest value being 
10 mm. at 132-5°) give 1-7 mm. at 100°. 


TABLE V. 


Hydroxybenzoic acids. Hydroxytoluic acids. 
‘Ortho-. Meta-. Para-. 1:2: 3-.1:2:4-.1:2:5-.1:3:4-.1 34:3, 
Vap. press. at 100° Obs. 39-7 0-149 0-030 23° 12-1 18-2 1-76 0-072 
in mm. x 100... Corr. 86-2 (25°7) (2-48) “2 50-7 46-2 (15-1) 0-727 
Critical solution 
temp. in water... 89-5° v. low v. low of 5-2 (+9°) (417°) 
Increase of Q i 
8-0 65-6 9-2 5° f . 35-9 29-4 


Acid. 


Increase of @Q in 
heptane 43°8 a : “ 5° « % 


pe 
Nitrobenzoic acids. Chlorobenzoic acids. Phenyl- Phenyl- 
——<—<—<$<—<—<—$<____ ——_____»—____._ Benzoic acetic propionic 
Ortho-. Meta-. Para-. Ortho-. Meta-. Para-. acid. acid. acid. 
Vap. press at 100° Obs. 2-01 0-70 0-096 180 19-7 4-59 112-9 29-6 22-5 
inmm.x100 Corr. 6°05 2°12 (0°:592) 29-8 33-3 (94-0) 179 54-1 29°3 
Critical solution 
temp. in water 52° 109-5° 118° 126° 143° 167° 116-2° 108-0° 150-0° 
Increase of Q in 
benzene 25:3 8-8 24-9 5-4 7:3 4-4 3-0 2-9 14 
Increase of Q in 
heptane a « « 79-6 23-8 18-4 — _— _ 


Acid. 


The sign of infinity, «, indicates the existence of a stable two- 
liquid area. 


The results are summarised in Table V, which shows (1) the 
vapour pressure of the acid in hundredths of a mm. at 100° (obtained 
by steam distillation, T., 1920, 117, 396); (2) the critical solution 
temperature in water (values in brackets are calculated from the 
slope of the curve); (3) the increase of the heat of solution in 
benzene (difference between the maximum value and that for 
95 molecules per cent., which is nearly the heat of fusion); (4) the 
corresponding increase in heptane. 

Among the hydroxy-acids, which are typical abnormal compounds, 
it will be seen that the solubility relations are reversed as we pass 
from water to benzene; the isomerides with the lowest critical 
solution temperature (greatest solubility) in water show the largest 


| ON 


. The 
le III, 
being 
taken 
3, 5): 
m the 
= 1-59, 
) mm. 
uppear 
of the 
1898, 
being 


THE SOLUBILITIES OF THE SUBSTITUTED BENZOIC ACIDS. 999 


increase in heat of solution (indicating the least solubility) in 
henzene. Heptane shows the same properties as benzene, but in 
,more marked degree. The isomerides with the greatest solubility 
in water invariably have the smallest vapour pressure. The 
alcohols occupy a peculiar position, the solubilities being abnormally 
high in every case, as is indicated by the fall in the Q values. Thus 
at 60° o-hydroxybenzoic acid is more than two hundred times as 
olubl: (as measured by the molecular concentrations) in ethyl or 
butyl alcohol as in water, and more than twenty times as soluble 
in either as in benzene: with the para-acid, the solubility in the 
alcohols is thirty to fifty times as great as in water, and upwards 
of one thousand times as great as in benzene. Walker and Wood’s 
measurements (T., 1898, 73, 618) show that ether and acetone 
resemble the alcohols in this respect. In the neighbourhood of 20° 
the ortho-acid is about six hundred times as soluble in either as 
in water, and about forty times as soluble as in benzene : the para- 
uid about one hundred times as soluble as in water, and from 
three thousand to six thousand times as soluble as in benzene. 

A possible explanation may be suggested for this remarkable 
difference. When a substance forms a compound with the solvent, 
its solubility is thereby increased, since in addition to the amount 
present in solution as such, there is the amount present as compound. 
Examples are quoted at the end of the following paper (for example, 
titrophenols in aniline) where the formation of a compound (which 
can be isolated) determines a large increase in the solubility, and a 
corresponding fall in the heat of solution. It is therefore possible 
that these acids form compounds in solution with the alcohols, 
and these might perhaps be isolated if the solubility curves were 
carried to a low enough temperature. It must, however, be observed 
that the results of Pickering (T., 1893, 63, 1023) with acetic acid 
in methyl, ethyl, and propyl alcohols do not support this view. 
He measured the solubility curve of the acid nearly to —80°, and 
obtained no definite evidence of the existence of a compound with 
the solvent, although the heats of fusion of the acid calculated 
fom the results show the same diminution that we have observed, 
aid the solubilities of the acid are correspondingly large. 

A comparison of the solubilities of the three hydroxybenzoic 
aids in various solvents at moderate temperatures brings out the 
rmarkable result that the ratio ortho: para, which is very small 
in water, rises as the dielectric constant of the solvent falls, reaching 
‘maximum in benzene * which is yet far short of the ratio of the 
vapour pressures. The ratio meta: para, which is very much 


* The values in heptane have not been determined, but the ratio would 
tbviously be larger still. 


1000 THE SOLUBILITIES OF THE SUBSTITUTED BENZOIC ACIDs. 


nearer to unity, tends to rise in the same direction. The values at 
and near 20° are taken from Walker and Wood. 
. Ethyl Butyl Ace- Vap. 

Solvent. Water. alcohol. alcohol. tone. Ether. Benzene. _ press, 

60° 20° «60° 60" 23° 17° 0° 20° 109° 
Dielectric 

const. 80 25 19 , *f 2°3 1 
Ortho/para 0-200 0°388 1°63 0°855 1 ‘5 193-4 1390 
Meta/para 0°739 1:84 1:03 0°560 : “0% . 2°76 4°53 

The ortho-acids behave like non-hydroxylic (‘‘ non-polar”) 
compounds, and are more soluble in non-associated solvents of low 
dielectric power, while the para-, and in a rather smaller degree 
the meta-, have the opposite character. The alcohols, ether, and 
acetone have an equally high solvent power for both classes. 

The hydroxytoluic acids closely resemble the hydroxybenzoic, 
and give a good illustration of the difference between normal 
and abnormal behaviour. The three in which the hydroxy]l- and 
carboxyl-groups are in the ortho-position to one another are almost 
identical in all these properties: vapour pressure, and solubility 
in water, benzene, and heptane. A change in the position of the 
methyl group is practically without effect. When, however, the 
hydroxyl group is shifted to the meta- (1 : 3: 4-) or para- (1: 4:3.) 
position with respect to the carboxyl, these properties are entirely 
altered. 

Of the other groups of acids, the chloro-derivatives are practically 
normal; their vapour pressures and solubilities are of the same 
order. The nitro-acids are abnormal, but in a different sense from 
the hydroxy-acids. The differences in volatility are distinct, 
although not large; the ortho-compound, as usual, has the highest 
vapour pressure. But the solubilities, which are very different, 
are the reverse of what we should expect, the ortho-acid having 
the lowest and the para- the highest critical solution temperature 
in water; the meta-, as usual, resembles the para-. In benzene, 
the solubilities of the ortho- and meta-compounds are in the opposite 
order to those in water, as we should expect; but the para-com- 
pound, although the least soluble in water, is also about as insoluble 
in benzene as the ortho-. The unusual relation between the slope 
of the solubility curve and the critical solution temperature it 
benzene is another anomaly in this group. The nitrobenzoic acids 
are the only abnormal group hitherto examined which does not 
contain a phenolic hydroxyl group, and this may explain why this 
kind of anomaly has not been observed elsewhere. 

The mono-substituted acids, benzoic, phenylacetic, and 8-phenyl- 
propionic, with their high vapour pressures, somewhat high critical 
solution temperatures in water, and low heats of solution in benzene, 
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resemble rather the ortho- than the para-hydroxy-acids, as do also 
the three chloro-acids. 


One of us (E. K. E.) is in receipt of a grant from the Department 
of Scientific and Industrial Research, for which she wishes to 
express her thanks. 


Dyson PeRRINS LABORATORY, 
OxForD. [Received, April 7th, 1921.] 


OVIII.—Influence of Position on the Solubility and 
Volatility of the Mono- and Di-nitrophenols. 


By Neviz VINCENT Srip@wick and WILFRID Major ALpDows. 


THz mononitrophenols have been shown to be highly abnormal as 
regards their solubility in water, the ortho-compound being far less 
soluble than the other two. In the following paper, the solubilities 
of five of the six dinitrophenols in water and benzene are described, 
and also their volatility in steam, together with that of the mono- 
nitro-compounds and picric acid; and the interpretation of the 
results is discussed. 


EXPERIMENTAL. 


Preparation of Materials. 


In indicating the structure of the isomerides, the hydroxyl group 
isalways taken to occupy position 1. 

o- and p-Nitrophenol.—Ordinary pure laboratory specimens were 
further purified by steam distillation and recrystallisation. 

m-Nitrophenol.—This was made by the usual method of diazo- 
tising m-nitroaniline (Bantlin, Ber., 1868, 11, 2100; Holleman and 
Wilhelmy, Rec. trav. chim., 1902, 21, 432). Various efforts were 
made to diminish the bulk of the solution during the decomposition 
of the diazo-compound, while avoiding excessive resinification. 
The use of copper sulphate as a catalyst was found to be disadvan- 
tageous. The process finally adopted was as follows : 

Fourteen grams of m-nitroaniline were dissolved in 200 c.c. of 
water containing 35 c.c. of concentrated sulphuric acid. The 
solution was filtered and cooled in ice, when the sulphate separated 
as a pink paste. The concentrated nitrite solution was added 
slowly with stirring, and the sulphate dissolved. The cold filtered 
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solution was then added very slowly to a boiling solution of 40 ¢¢, 
of concentrated sulphuric acid in 500—600 c.c. of water and the 
solution boiled until nitrogen ceased to be evolved and the liquid 
became clear. It was then allowed to cool somewhat, in order to 
permit the resin to settle, filtered, cooled, and extracted with ether, 
The crude product, after evaporation of the ether, was recrystallised 
from hydrochloric acid (yield 9—10 grams). In this way, the bulk 
of the liquid is reduced to about a quarter of that used by Holleman 
and Wilhelmy for the same weight of m-nitroaniline. 

Dinitrophenols : 1 : 2: 4- and 1 : 2 : 6--—Prepared by nitration of 
o-nitrophenol, and purified and separated as described by Holleman 
and Wilhelmy (loc. cit.). 

Melting points: 1:2: 4-,112°9°; 1:2: 6-, 62°2°. 

1:3:4-, 1:3:6-, and 1:3: 2--—These were all made by the 
nitration of m-nitrophenol, by the method described by Holleman 
and Wilhelmy, but this was modified in some respects. 

The 1:3: 6- is easily removed by making use of its relatively 
small solubility in cold aleohol; the other two can be separated 
by crystallisation from benzene. Holleman and Wilhelmy recom- 
mend that the benzene solution should be left overnight, but we 
find that in this case the 1 : 3 : 4- comes down contaminated with 
1:3: 2-, whereas if the benzene solution is rapidly cooled, and the 
erystals are filtered off at once, they are nearly pure. The method 
finally used was to dissolve the product from 20 grams of m-nitro- 
phenol (after removing the 1:3: 6- with alcohol, and drying) in 
100 c.c. of benzene containing a little light petroleum (b. p. 60—80°). 
The solution was boiled for half an hour to let the resin collect, 
filtered, and cooled rapidly with stirring. The 1:3: 4- (7 grams) 
which came out was filtered off at once, and the filtrate deposited 
during thirty-six hours 6 grams of 1 : 3 : 2-, mixed with some 1 : 3: 4. 
The 1:3:4- was recrystallised from benzene in the same way, 
and gave 4—5 grams of pure product, melting at 134°7°; while 
the 1:3:2-, after two recrystallisations from hot water (with 
rapid cooling and immediate filtration), gave 3 grams, melting at 
145°1°. 

The benzene had been freed from thiophen by treatment with 
sulphuric acid, and frozen out seven times. 


Determination of Solubilities. 


These were carried out in the usual manner, by enclosing weighed 
quantities of the components in tubes, which were then sealed and 
the temperature determined at which the liquid separated into 
two layers, or the last crystals disappeared. The thermometer 
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had been compared with a standard instrument, and the readings 
were corrected, when necessary, for the exposed stem. 


Fie. 1. 
Solubilities of nitrophenols and dinitrophenols in water. 
200° iieoiais 


| 
| 
} 
| 
| 
| 


40 60 80 
Weight per cent. 


Nitrophenols : Dinitrophenols : 
Ortho -- O-- :2:3—A— 


Meta -- +-- :2:4—$ @— 
Para -- X -- :2:5—+— 


:6—O— 
3:4— x — 


The results are given in tables I and II, and plotted on Figs. 1 
and 2. In Fig. 1 the solubilities of the three mononitrophenols 
i water are added (dotted lines) for comparison, the values being 
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taken from Sidgwick, Spurrell, and Davies (T., 1915, 107, 1202) 
The concentrations are expressed as grams of nitrophenol in 1() 
grams of solution. An asterisk indicates that the solid phase was 
present. 


TABLE [. 


Solubilities of Dinitrophenols in Water. 


1:2: 3-. 1:2:4.. 1:2: 5-. 1:2: 6-. 1:3:4., 
Sol’. Temp. Sol’. Temp. Sol’. Temp. Sol’. Temp. Sol’. Temp, 
100°0 = 145°1°*100°0 ~—s-112°9°* 100-0 =: 105°6°* 100-0 = 62°2°*100°0 ~=—:134-7 

89°85 112°3* 99°02 108°1* 98°48 100°0* 99°11 59°5* 89°48 84:5* 
74°32 96°0* oa 100°5 97°50 98°0* 98°42 845 74:91 53-0 
60°44 116°7 98:24 117°6 - 92-4 97°80 102°6 ” 48:0 
52°15 120°4 97°70 121°7 96°72 113°5 95°96 138°3 70°23 73:8 
35°13 122-2 97:14 131'2 94°51 1464 158°0 55°40 1016 
20°83 1201 93°35 156°0 91°73 172°2 — 36°65 1052 
10°90 108°2 86°36 187°7 — — 192°5 23°28 1046 
674 94:5 — -- 12°24 194°5 ‘97 147°9 12°79 975 

12°98 182°5 5°69 162-1 "24 139°7 605 820 
8°99 170°5 3°91 146-4 ‘ 117°6 

3°81 137°7 2°97 135°8 : 89°5 

2°98 126:1 2°33 124°7 0°703 711 

1:95 109°6 
Crit. sol. 

temp. 122°5 >200° >200° 
Triple 

pt. . 104°2 97°5 


TABLE II. 
Solubilities in Benzene (Solid phase always present). 


1:2: 3-. 1:2: 4-. 1:2: 5-. 1:3; 6.. 1:3:4- 
Sol’. Temp. Sol’. Temp. Sol’. Temp. Sol’. Temp. Sol’. Temp. 
100°0 =: 145°1° 100°0 =: 1112°9° 100-0 ~=—:105°6° _ 100°0 62°2° 100°0 = 1347" 
91°57 1349 93°61 ‘6 92°90 985 92°35 55:0 86°64 1226 
69°05 118°6 86°59 ‘5 82:44 886 86°87 50:0 73°10 1161 
38°66 102°5 79°00 ‘9 72°97 824 7852 445 60°49 1130 

25°30 =893°8 69°52 ' 54°78 714 60°17 340 56°86 1121 

12°77) 787) 62°77 3° 48°91 679 43°36 25°5 41°65 1091 
52°36 . 33°81 57-0 27°27 = 1065 
34°60 = 65° 24°22 48°5 6°54 892 
21-01 51 13°96 33°5 


Measurement of the Heat of Fusion from the Freezing-point Constant. 


These constants were determined in the usual Beckmann apparatus 
in a glycerine bath; benzil, p-dibromobenzene, and anthraquinone 
were used as solutes. Owing to the difficulty of inducing crystallisa- 
tion in the nitrophenols, it was found necessary to cool until a 
considerable amount of solid had separated, and then to raise the 
temperature slowly until only a trace of crystals remained. 

The 1 : 2: 3-dinitrophenol, when fused, slowly darkened, and its 
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melting point fell continuously, so that no results could be 
obtained. 

The results are tabulated below, E being the cryoscopic constant, 
and Q the heat of fusion in kgr.-cals. per gram-molecule. 


Dinitro- Per cent. 

phenol. Solute. Solute. Depr". 

1:2:4- Benzil 0°255 0-120° 
1°523 0°662 

1:2:5- Dibromobenzene 0°667 0°230 
1-610 0°580 

1:2:6- - 0°639 0°255 
0°769 0°300 

1:3:4-  Anthraquinone 1°296 0°655 
1°416 0°650 


Mean £F : 94:9 
=— 5° 


Mean E : 93: 
Q=4-41 

Mean £ : 100°4 
Q= 6°05 


aAweeKoroa: 


Volatility in Steam. 


These measurements were carried out in the apparatus and 
under the conditions already described by one of us (Sidgwick, 
T., 1920, 117, 389). The distillate was analysed by the method of 
Knecht and Hibbert (Ber., 1903, 36, 1549), by reduction with 
titanous chloride,* the excess of which was estimated with iron 
alum, using potassium thiocyanate as indicator. The method was 
tested with solutions of nitrophenols of known strength, and found 
to give satisfactory results, the error not exceeding one or two 
per cent. 

The composition of the distillate was found to become constant 
after about an hour’s distillation : thus, with 1 : 2 : 3-dinitrophenol, 
four successive portions of distillate required respectively 20°48, 
2036, 20°48, and 20°17 c.c. of titanous chloride solution per 
100 c.c. 

The volatility was measured not only of the dinitrophenols but 
also of the mononitro-compounds and of picric acid. The compounds 
all liquefied under water at 100° except 1 : 2 : 4-dinitrophenol and 
pieric acid. m- and p-Nitrophenol are completely miscible with 
water at 100°; with these compounds the percentage composition 
of the liquid in the distilling flask was determined, and is given in 
brackets in the column headed “ solubility” in the table below. In 
this table the first column gives the elevation of the boiling point 
of the liquid; the second the weight per cent. of nitrophenol in 
the distillate; the third the pressure of nitrophenol in the vapour 
in hundredths of a mm.); the fourth the solubility in water at 
100°; the fifth the partition coefficient (concentration in vapour 
divided by concentration in liquid). The sixth and seventh give 


* p-Nitrophenol is remarkable for the extreme slowness with which it is 
tduced by titanous chloride. 
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the relative values of the vapour pressure and the partition coefficient, 
those for p-nitrophenol being taken as unity. 


Wt. per V.p. in 
cent. mm. Parti- Relative 


Substance. - indist. 100. Sol’. tion. v.p. Part’, 
Nitrophenol o- 2°79 283°0 1:08 1570 160 6280 
m- A 0°0596 5°87 
: , 00180 1°77 
Dinitro- 
phenol 


: 000139 0-103 1 07054 0°0582 0218 
Picric acid * 0:00417 0°249 6°33 0388 0441 155 


* Solid under water at 100°. 


Corrected Vapour Pressures for Pure Liquids. 


From these values we can calculate the vapour pressures of the 
pure liquids by the methods described in the preceding paper, the 
ratio of the vapour pressures of liquid and solid being given by the 
equation 


p_1000W_/l_ 1 
23026 log 31= x(p Tr) 


When the substance is solid during the distillation, the value of 
this ratio at 100° is taken as the correction factor; when it is 
liquid, the value at the triple point. 'The heats of fusion employed 
are the following: for o-nitrophenol, 4:295 (Bogojawlenski, Chem. 
Centr., 1905, II, 945; Schriften d. Dorpater Naturfor. Ges., 1904, 
13,1); the value of 3°72 given by Brunner (Ber., 1894, 27, 2102) 
is undoubtedly too low; for m- and p-nitrophenol, the values 
obtained by extrapolation from the heats of solution (see below) 
in toluene (Sidgwick, Spurrell, and Davies, loc. cit.) and in 
trichloroacetic acid (Kendall, J. Amer. Chem. Soc., 1916, 38, 
1309), which agree well with one another; for 1 : 2: 3-dinitro- 
phenol, the extrapolated value from the heats of solution in benzene; 
for the other four dinitrophenols, those obtained from the eryo- 
scopic experiments already described. These values are given 
Table III (p. 1010). For picric acid there are no satisfactory data; 
but since the heat of fusion of o-nitrophenol is 4°30, of 1 : 2 : 4-dinitro- 
phenol 5-73, and of the 1 : 2: 6-isomeride 4°71, we may probably 
assume without serious error (as the correction is only small) 
that the heat of fusion of picric acid is 5; and the correction has 
been calculated on this basis. A difficulty arises with m- and p- 
nitrophenol from the fact that they are miscible with water in all 
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proportions at 100°, so that the solutions distilled were necessarily 


unsaturated, and their vapour pressure correspondingly lowered. 
It is impossible to make any definite allowance for this; but owing 
‘9 the flatness of the vapour-pressure curves in the neighbourhood 
of the two-liquid area (which is in both cases within 10° of the 


Fic. 2. 
Solubilities of dinitrophenols in benzene. 
160° ;-— 


© 
~ 
S 
8 
~ 
Q 
S 
— 
i 


| 
20 40 80 100 
Weight per cent. 


wint of observation), the error is not likely to be large. The 


‘orected values of the vapour pressures are given in the table 
mp. 1009, 


Discussion of Results. 
Solubilities in Water. 


The curves (Fig. 1) show a marked similarity to those of the 
‘ononitrophenols, which are given in dotted lines on the diagram. 
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The behaviour of o-nitrophenol is closely followed by that of the 
1:2:4-, 1:2:5-, and 1:2:6-dinitro-compounds. In all they 
the solubilities are very small, and the critical solution temperatur 
is somewhere above 200°. On the other hand, the m- and p-nitn. 
phenol curves resemble that of the 1 : 3 : 4-dinitrophenol, the only 
isomeride examined in which no ortho-position is occupied. That 


Fic. 3. 
Nominal heats of solution of mono- and di-nitrophenols in benzene. 
60 
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Nitrophenols : Dinitrophenols : 
Ortho -- © -- 1:2: 
Meta --+-- 1: 
Para -- X -- Re 
1: 
i: 


is, the influence of the ortho-nitro-group in diminishing the solubilityipositi 


prevails, and to nearly the same extent, whether the second nitro 
group is in positions 4, 5, or 6; whereas if there is no ortho-nitrog 
group, the solubility is much greater. A remarkable anomaly ! 
offered by the 1:2:3-compound. Although the ortho-met 
derivative which has the two nitro-groups on opposite sides of th 
ring (1: 2:5) is scarcely more soluble than the di-ortho- or th 
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ytho-para-, the other ortho-meta-derivative (1:2:3), in which 
hey are on the same side, is nearly as soluble in water as the meta- 
sra-isomeride. This anomaly is repeated in the volatility and in 
ie heat of solution in benzene. The peculiarity is so far unex- 
Jained. We do not even know whether it depends on the chemical 
ature of the adjacent group, or merely on its steric effect. This 
an only be determined by examining such compounds as the 
itrocresols. It is to be noticed that the hydroxytoluic acid 
(0,H : OH : CH,=1 : 2: 3) (see preceding paper) shows no corre- 
gonding anomaly; it in no way differs from the other isomerides 
which the carboxyl and hydroxyl groups are next to one another. 


Nominal Heats of Solution. 


The nominal heats of solution in benzene have been calculated 

by the methods described in the preceding paper. The values for 
ie mononitrophenols have been added, from the solubility data 
it Bogojawlenski, Boguljubow and Winogradow (Chem. Cenir., 
107, I, 1738; Schriften d. Dorpater Naturfor. Ges., 1907, 15, 216). 
he results are given in Table III and Fig. 3, the heats being 
xpressed in kgr.-cals. per gram-mol. The general results for all 
lee compounds are briefly summarised in the following table, 
lich gives the vapour pressure at 100° (observed and corrected), 
le critical solution temperatures in water, and the increase of 
te heat of solution in benzene. 


Nitrophenols. 


Compound. 


lap, press.at 100° Obs. 283 5-87 1-77 5-48 22°8 44-8 11:0 0103 0-249 
inmm,x100... Corr. 292 19-6 828 12°8 29°4 50-6 11:7 0-664 0-364 


v.high 98-7° 928° 122-5° v.high v.high v. high 105-2° 

Mane «22 1ST O64 1B 49 40 51 46-4 
It will be seen that in each group the three properties—a high 
pour pressure, a small solubility (high critical solution tem- 
perature) in water, and a large solubility (small rise in Q) in benzene 
go together. o-Nitrophenol and, with one marked exception, all 
i dinitrophenols which have at least one ortho-position occupied 
ve these characteristics, and the occupation of a second ortho- 
tion does not greatly increase them, whilst those compounds 
sand p-nitrophenol, and 1 : 3 : 4-dinitrophenol) in which neither 
mho-position is occupied have low vapour pressures, are much 
ure soluble in water, and show a much larger increase of the heat 
solution in benzene. The one exception, the anomalous 1 : 2 : 3- 
luttophenol, is intermediate in all these properties between these 
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Taste III. 
Nominal Heats of Solution in Benzene (Molecular, in kgr.-cals), 


Mononitrophenols. 


Mean mol. er ee — 
per cent. Ortho-. Meta-. Para-. 
4°56 7°82 5°73 
8°86 6°70 
9°85 8°82 
12°20 10°20 
14°63 14°69 
18°62 22°45 
21°60 26°46 
26°54 32°10 
22°92 25°58 
16°62 18°62 
12-90 15°81 
Mol. heat of fusion “29: 5°20 5°05 
Dinitrophenols. 
1:2:6-. 1: 
6°36 
6°91 
7°47 
8°41 
8°76 
9°66 
10°39 
10°39 
10°42 - 
9°59 a 
4-41 


Mean mol. 


? 


SOG SIDA 
acc ro oS 
STSSERV’LS 4 


— 


Mol. heat of fusion , 6°29 


The solubilities of mononitrophenols have been measured it 
various other solvents: in aniline, urea, and picric acid (Kremam 
and Rodinis, Sitzuwngsber. K. Akad. Wien, 1905, 117, 1237), | 
naphthalene (Kremann, ibid., 1904, 116, 865), in toluene, bromo 
benzene, and ethylene dibromide (Sidgwick, Spurrell, and Davies 
loc. cit.), and in trichloroacetic acid (Kendall, J. Amer. Chem. Sw. 
1916, 38, 1309); in some of these solvents the meta-compound 
was not examined. The solubility of 1 : 2 : 4-dinitrophenol li 
been measured by Kremann in aniline (Sitzungsber. K. Akad. Wie 
1906, 118, 427) and in naphthalene (ibid., 1904, 116, 865), and | 
Kremann and Hofmeier in phenanthrene (ibid., 1910, 122, 121 
We have calculated the heats of solution in all solvents in whic 
the curve could be carried far enough. The increase in the heat is 


, ‘ Phenai 
Naphth- Bromo- Ethylene Trichloro a 
Solvent. Toluene. lene. benzene. dibromide. acetic acid. Aniline. threw 
Ortho- 2-9 (0°8) 1-4 (1-0) 0-2 2 
Meta- 39°4 — = o1 “7 
Pore = 32100 8G 0B NG, 
18:6 = (0-2) —_ -- — —3 
(Where the values are in brackets, the solubilities do not extend bey 
75 molecules per cent.). 
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Toluene, bromobenzene, and ethylene dibromide are very similar 
» benzene in their solvent action. Trichloroacetic acid is remark- 
le for the extraordinary constancy of the heat values, which 

¢ practically unaffected by concentration with any of the three 
smerides. In aniline, o-nitrophenol gives constant values, whilst 
hose of the m- and p-nitrophenols fall rapidly, the solubility being 
smormally high. This is no doubt connected with the fact that 
hese two form stable compounds with aniline, which the ortho- 
ierivative does not. A similar fall in the Q values occurs with 
1:2; 4-dinitrophenol in phenanthrene, where again a compound is 
ormed. An analogous fall, which may be due to the same cause, 
ms observed in the heat of solution of the hydroxybenzoic acids 
n ethyl and butyl alcohols. 

It is known that the chlorophenols show differences in vapour 
pressure (as indicated by the boiling points) comparable with those 
the nitrophenols. In order to discover whether this abnormality 

ended to the solubility in water, some measurements were made 
ith o- and p-chlorophenol in water. It was found that their critical 
dution temperatures differ widely (although not so much as those 
the nitrophenols), and in the usual direction. The values are : 


Position. Ortho-. Meta-. Para-. 
Boiling point 214° 217° 
Crit. sol. temp. in water — 125° 
tis is exactly parallel to the behaviour of the nitrophenols; the 
ho-compound has by far the lowest vapour pressure, the para- 
te highest, and the meta- comes very near the para-; and the 
ho- is much less soluble in water than the para-. This is of 
me interest, since it has been shown that the introduction of a 
hlorine atom into benzoic acid does not lead to any serious abnor- 
ality of behaviour. 
By in view of the possible suggestion that these abnormalities are 
ue to association, the experiments of Hewitt and Winmill on the 
iiace tensions of the substituted phenols (T., 1907, 91, 441) are 
interest. They calculated from their results the following values 
the association factor; the figures in brackets after each value 
wm’e the temperature range over which the measurements were 


Ortho-. Meta-. Para-. 
1°12 (40-67°) *48 (19-57°) 1-62 (46-74°) 
1-06 (67—100°) *33 (57—100°) 1-26 (74-100°) 
“48 (116-147°) 1:25 (130-163°) 
‘49 (33-79°) 1-22 (52-72°) 
“11 (78-139°) 1-08 (72-100°) 


Uorophenols ... 


l 
1 
1 
1 
1 


10 (45-73°) 


It will be seen that the cresols, which in our sense are quite 
mal give as much indication of association in the meta- and 
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para-compounds as the nitrophenols, and much more than { 
chlorophenols; and the degree of association (which practical 
never reaches 50 per cent.) seems quite insufficient to accom 
for the enormous difference in solubility and vapour pressure. 
There is an obvious connexion between our results and those of 
Auwers (Zeilsch. physikal. Chem., 1893, 12, 689; 1895, 18, 599: 
1897, 23, 449; 1899, 30, 300; Auwers and Orton, ibid., 1896, 2 
337) on the depression of the freezing point of solvents such a 
benzene or naphthalene by isomeric aromatic derivatives. Speak. 
ing generally, Auwers finds that among what we have called abnormil 
groups the ortho-compound gives a normal lowering of the freezing 
point, whilst with the meta- and para- the lowering is less tha 
we should expect. This is commonly expressed by saying that 
the molecular weights (calculated on the usual formula) for the 
ortho-compounds are normal, while the isomerides are associated 
We might, however, equally well say that if we assume the molecula 
weights of the solute in the latter case to be normal, the calculated 
heats of solution of the solvent are abnormally high. So in ow 
experiments, when on our assumption of normal molecular weights 
the heats of solution are high, we might have taken the heats to 
be normal, in which case the molecular weight of the benzen 
would have been calculated to be very high. The two results ar 
really parts of the same phenomenon. The lowering of the freezing 
point is a measure of the fall of the partial pressure of the con 
ponent which freezes out. In such a system as, say, benzene and 
p-nitrophenol, our results show that the vapour pressure of tle 
nitrophenol is less lowered by the addition of benzene than the 
mixture law requires. Auwer’s results show that this is true al 
of the effect of the solute on the vapour pressure of the benzem. 
Both results are necessary in a system which is near the temperatur 
at which it separates into two layers. In such cases the isotherm 
vapour-pressure curve has the same general form for each cow: 
ponent: starting from the pure component, it falls less rapidyj™ 
than we should expect, becomes nearly flat (horizontal if separation 
occurs) towards the centre of the diagram, and then falls veyjm 
steeply towards the end. The relation is symmetrical with respeiym 


to the two components, and cannot be taken by itself as evident[ent, yj 


that the nitrophenol is associated, any more than that the benzene 
is associated. What it does show is that the two liquids are 1% 
far removed from the temperature of imperfect miscibility. 


Dyson Perrins LABORATORY, 


OXFORD. (Received, April 7th, 1921] 
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(IX.—The Solubility and Volatility of the Chloro- 
and Nitro-anilines and of their Acetyl Derivatives. 


By NEVIL Vincent Sipewick and Howarp Ernest RvsIz. 


uz nitrophenols and the nitrobenzoic acids are abnormal com- 
pounds in the sense that their solubility and volatility are greatly 
fected by the orientation. The chlorophenols are also undoubtedly 
bnormal, to judge by the difference in their boiling points and 
wlubility in water, while the chlorobenzoic acids are practically 
normal. In the following investigation, the behaviour is examined 
fom this point of view of the corresponding chloro- and nitro- 
derivatives of aniline and acetanilide. 


EXPERIMENTAL. 


Preparation of Materials. 


Chloroanilines.—o- and p-Chloroaniline were made by reduction 
ith iron of the corresponding chloronitrobenzenes (recrystallised, 
melting at 320° and 82-0° respectively). The ortho-compound was 
eed from traces of the para- by dissolving in an equivalent of 
‘uphuric acid and distilling with steam, when the ortho- alone 
ame over (Beilstein and Kurbatoff, Annalen, 1875, 176, 27). 
twas colourless, distilled at 207-0°, and solidified at —2-1°. These 
alues agree with those of Rinkes (Rec. trav. chim., 1911, 30, 79). 
the para-compound after recrystallisation from light petroleum 
Pelted sharply at 70-5° (Rinkes, loc. cit.; Lobry de Bruyn, ibid., 
916, 36, 153). 

m-Chloroaniline was prepared from m-chloronitrobenzene, which 
4% made by the chlorination of nitrobenzene at 100° in presence 
i 5 per cent. of antimony trichloride, care being taken to exclude 
woisture (Varnholt, J. pr. Chem., 1887, [ii], 36, 29). The nitro- 
Y@mpound melted after recrystallisation at 43-1° (agreeing with 
hinkes, Joc. cit.), and on reduction with iron filings gave a 90 per 
‘nt. yield of m-chloroaniline, which distilled constantly at 118-5° /21 
im. and 230-5°/760 mm. It melted at —10-4° (—10-2°, Lobry de 
bruyn, loc. cit.). 

The chloroacetanilides were made from these amines by heating 
hem with 50 per cent. excess of glacial acetic acid, the water formed 
ting allowed to distil off through the reverse condenser; in this 
ey, er acylation is complete in one and a half hours. They were 
“rystallised from dilute acetic acid and then from aqueous alcohol. 
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Melting Points: Ortho-, 86-7°; meta-, 76-6°; para-, 


(Lobry de Bruyn gives 86-7°; 76-8°; 178-2°.) 
Nitroanilines and Nitroacetanilides—o- and p-Nitroacetanilids 


Fia. 1. 


Solubility of nitroanilines and nitroacetanilides in water. 
Full curves —— Nitroanilines. Ortho — 0 — 
Dotted curves - - - Nitroacetanilides. Meta — + — 


220° 


g 


i 
120° 
é 


3 


20 40 60 
Weight per cent. 


were made by the nitration of acetanilide, and separated by th 
difference of their solubilities in water. The para-compound melted 


after recrystallisation from 50 per cent. alcohol at 215-9°. This Mf tenzen 
considerably higher than the value (207°) given in the literature@ miline 
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the compound may be dimorphic, like p-chloroacetanilide. 0-Nitro- 
acetanilide, obtained by concentrating the aqueous filtrate, melted 
anilidaf after four recrystallisations from aqueous alcohol at 93-0° (the 
temperature given by Béeseken, Rec. irav. chim., 1912, 31, 350). 


Fic. 2. 
Solubility of chloroanilines and chloroacetanilides in benzene. 


Full curves Anilines. Ortho — O — 
Dotted curves - - - Anilides. Meta — + — 
Para—xX — 


180° 
Peal 


160° 


140° 


120° 


100° 


80° 


60° 


g 
3 
: 
: 
& 


40° 


20° 


0° 


20 40 
Weight per cent. 


bell lt was also prepared from the amine by acetylation, the method of 

*@ Kaufmann (Ber., 1909, 42, 3480) of adding acetic anhydride to the 

benzene solution being found very satisfactory. o- and p-Nitro- 

rature@ wilines were made by hydrolysing the acetyl compounds, and after 
VOL. CXIXx. NN 
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recrystallisation from water the ortho- melted at 69-7° and th 


para- at 147-0°. 


m-Nitroaniline, made by the reduction of m-dinitrobenzene, was 


Fic. 3. 


Solubility of nitroanilines and nitroacetanilides 
in benzene. 
Full curves —— Nitroanilines. 


Dotted curves - - - Nitroacetanilides. Meta — + — 
Para—xX — 


Ortho — O — 


220° 


200° 


180° 


160° 


140° 


_ 
to 
i=) 

° 


> 
N 
> 
3 
3 
2 
~ 
LY) 
N 


20 40 


Weight per cent. 


three times recrystal. 
lised from water, and 
melted at 114-6°. Its 
acetyl derivative (re. 
crystallised from dilute 
alcohol) melted at 154-5’, 


Measurement of 
Solubilities. 


These were carried out 
synthetically. At higher 
temperatures, sealed 
bulbs of 2 or 3c.c. capa- 
city were used ; at lower, 
the observations wer 
made in a Beckman 
apparatus, one com. 
ponent being added from 
a weight-pipette. 

The thermometers 
used had all been com- 
pared with a standard; 
the benzene had been 
freed from thiophen, and 
purified by repeated 
freezing out. 

The results are givel 
in the following tables 
the concentration being 
expressed in grams d 
amine in 100 grams df 
solution. 

Those points wher 
the solid phase separ: 
ated are marked in the 


water tables with an asterisk; with benzene, the solid phase we 


always present. 


The solubilities of the chloro-derivatives in water are so smal 
that they have not been plotted, but the others are given 2 


Figs. 1—3. 
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TaBLeE IV. 


Solubilities in Benzene. 


Nitroanilines. 

Ortho-. Meta-. Para-. 
Conen. Temp. Conen. Temp. Conen. Temp. 
100°0 711° 100°0 114°6° 100°0 147°0° 

95°35 67°2 96°37 110°3 96°78 143°7 
88°69 62°0 90°55 81°71 132°3 
78°64 55°0 79°96 , 64°03 122°5 
68°26 50°2 57°95 , 54°15 = 119°5 
58°96 47°4 32°42 ° 25°46 108°6 
40°92 39°2 14°18 , 11°42 95-0 
21°52 23°2 4°42 . 3°21 70°0 
12-26 10°5 
Nitroacetanilides. 

Ortho-. Meta-. Para-. 
Conen. Temp. Conen. Temp. Concn. Temp. 
100-0 93°0° 100-0 154°5° 100-0 215°9° 

87°58 81-2 83°07 135°3 87°48 197-4 
79°08 76°4 . 65°27 126°8 72°62 186°5 
67°97 71°5 35°13 = :121°2 54°78 180°3 
54°97 68°0 13°47 115°0 49°93 179°4 
41°62 63°2 5°04 102°0 37°75 =—-:177°5 
31°49 58°5 17°47 + 172°6 
16°44 46°8 5°23 =: 150°6 
10°26 39°0 


Determination of Heats of Fusion. 


These were determined by measuring the depression of the 
freezing point of the amine by benzene, dibromobenzene, or benzil 
in a Beckmann apparatus. The results (expressed in kgr.-cals. 
per gram-molecule) are given in the following table. The values 
obtained by extrapolation from the heat of solution (Q)-curves in 
benzene (which are, of course, less trustworthy) are added for 
comparison; the agreement is on the whole good. 


Chloroaniline. Chloroacetanilide. 


Substance. Ortho-. Meta-. Para-. Ortho-. Meta-. Para-. 
Direct 2°84 2°78 4°80* 6°04 4°32 9°74 
From Q-curve 2°8 2°6 51 61 4°5 94 


Nitroaniline. Nitroacetanilide. 


Substance. Ortho-. Meta-. Pare.. Ortho-. Meta-. Para-. 
Direct 3°70 4°16 5°68 5°41 3°24 4-44 
From Q-curve 39 4°5 59 4°7 3°3 4-4 


* Bruner (Ber., 1894, 27, 2102) determined this calorimetrically 4” 
obtained the value 4°724. 
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Fie. 5. 
Heats of solution of nitroanilines and nitroacetanilides in benzene. 


Full curves —— Nitroanilines. Ortho — O — 
Dotted curves - - - Nitroacetanilides. Meta — + — 
Para— X — 
90 Fava 
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Fia. 4. 


Heats of solution of chloroanilines and chloroacetanilides in benzene. 
Full curves Chloroanilines. Ortho — © — 
Dotted curves - - - Chloroacetanilides. Meta — + — 
Para — X — 
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Volatility in Steam. 


This was measured in the apparatus already described. Th 
chloroanilines were estimated in the distillate by titration at about 
—10° with NV /10-potassium nitrite, using starch-iodide as indicator. 
The chloroacetanilides were treated in the same way, after previous 
hydrolysis by boiling for three hours with concentrated hydrochloric 
acid. The nitroanilines and nitroacetanilides were determined by 
reduction, by boiling for fifteen minutes with excess of titanous 
chloride, and estimating the excess with iron alum. Where neces. 
sary, alcohol was added to dissolve the organic compound, and in 
these cases the small amount of reducing solution used up by the 
quantity of alcohol employed was determined, and the necessary 
correction applied. These methods of analysis were tested with 
known amounts of the amines in every case, and found satisfactory. 

From these results the corrected vapour pressures for the pur 
liquids at 100° were calculated by the methods described in the two 
preceding papers, the correction factor for the triple point being 
used when the amine is liquid at 100°. The heats of fusion used 
were those obtained from the cryoscopic experiments described 
above. The vapour-pressure curves of o- and m-chloroaniline have 
been measured by. Kahlbaum (Zeitsch. physikal. Chem., 1898, 26, 
627), and the values for 100°, interpolated from his measurements, 
are given in brackets in the table. In both cases our corrected 
values are almost exactly 4 per cent. smaller than his. Table VI 
gives the observed and corrected vapour pressures. 


Nominal Heats of Solution. 


These values have been calculated from the solubility curves in 
benzene for every successive 10 (molecular) per cent., by means of 
the formula 


e9(i_} 
a (F. 7) 
The results are given in Table V, and plotted on Figs. 4 and 5. 


Discussion of Results. 


The properties of these compounds are summarised in Table VI, 
which gives (1) the vapour pressures at 100° (observed and corrected), 
(2) the critical solution temperatures in water (when these can be 
determined), and (3) the increase of the heat of solution in benzene 
(the difference between its maximum value and the heat of fusion). 


Critica: 
in wi 
Increas 


It is evident that the chloroanilines are a normal group of iso- 


merides. Their vapour pressures do not differ to any marked 
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TABLE V. 


Nominal Heats of Solution in Benzene. 
(Kgr.-cals. per gram-molecule.) 


Chloroanilines. 


Mean mol. 
per cent. Ortho-. 
95 3°01 
3°31 
3°05 
2°95 


75 
Heat of fusion 2°84 


Meta- Para-. 
2°83 5°29 
3°04 5°63 
2°80 

2°78 


5°96 
6°55 
6°80 
6°48 
7°06 
7°22 
7°82 
9°32 


4-80 


Nitroanilines. 


Ortho-. 


Compound. 
Vap. press. at 100° Obs. 
inmm.x<100 = Corr. 


Critical solution temp. 
in water 


Increase of Q in benzene (0°5) = (0°3) 4°5 


Compound. 
Vap. press. at 100° Obs. 
mmm.xX100 Corr. 
Critical solution temp. 
in water 


Meta-. 


Para-. 
5°24 6°50 
6°59 7°62 
8°60 
10°8 
13°9 
23°7 
29°1 
23°2 
21°4 
19°1 
16°3 
5°68 


TABLE VI. 


Chloroanilines. 


Ortho-. Meta-. Para-. 
1768 787 715 
1950 867 803 

(2028) (910) 


All very high 


Nitroaniline. 


Ortho-. Meta-. 
65°2 12°9 1°36* 
73°2 15°9 3°18 

211:°0° 172°5° 

Increase of Q in benzene 12:2 15°6 23-4 


187°5° 


Para. 


Chloroacetanilides. 


Meta-. 
4°84 
6°24 
6°32 
6°94 
6°75 
7°93 
9°36 
8°61 
7°95 
6°62 


4°32 9°74 
Nitroacetanilides. 


Para-. 


al all 
Bes 


e8eeeer2 
SSSoawR-IN 


wm bo 


Ortho-. Meta-. Para-. 
5°12 4°75 5°51 
6°26 7°25 7°69 
8°54 9°36 10°3 
9°90 11°28 13-2 

13°2 16°8 17°8 

20°2 23°6 29°8 
20°1 40°9 43°6 
17°6 89°8 96°5 
15°4 55°4 q71 
13°4 56°2 67°3 
12°9 39°1 38°6 
5°42 3°24 4°44 


Chloroacetanilides. 


Ortho-. Meta-. Para-. 
62°7 5°66 9°48 
94°4 781 91°8 


All very high 
4°5 50 14°3 
Nitroacetanilide. 
Ortho-. Meta-. Para-. 
905 0-42* 0-21* 
11°7 0°74 0°84 


198°0° 180°0° 178°0° 
14°8 86°6 92°1 


‘xtent; their solubilities in water (so far as these can be followed) 

we of the same order, and the rise of the heat of solution in benzene 

8 small, even with the para-compound. The introduction of an 
N N* 
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acetyl group increases the differences between the isomerides, but 
not very greatly. This is perceptible in all the three properties 
concerned. 

The nitroanilines are distinctly abnormal, although not much more 
so than the chloroacetanilides; the differences are in the usual 
direction, the ortho- having much the highest vapour pressure, and 
being least soluble in water and most soluble in benzene, whilst the 
para- comes at the opposite end of the scale, and the meta- stands 
much nearer to the para-. The introduction of an acetyl group 
again accentuates the differences, and the nitroacetanilides show 
marked abnormality. The effect on the vapour pressure is discussed 
below. The nearness of the critical solution temperatures of meta- 
and para- is to be noticed: these values for the three compounds 
reproduce, although on a smaller scale, the relations found among the 
nitrophenols. It is clear that as regards the properties we are 
considering, aniline and acetanilide resemble benzoic acid rather 
than phenol, in that their chlorine derivatives are normal, which the 
chlorophenols are not. All these compounds form abnormal 
nitro-derivatives; the abnormality of the nitroanilines and nitro- 
acetanilides is of the same type as that of the hydroxybenzoic acids 
and the nitrophenols, and does not present the peculiarities which 
occur among the nitrobenzoic acids. 

It will be noticed that among both the chloro- and the nitro- 
acetanilides (but not among the corresponding anilines) the vapour 
pressure of the meta- is lower than that of the para-compound; 
the difference with the nitro-compounds is small, and only appears 
in the corrected values, but in the chloro-derivatives it is large. It 
is only rarely that this relation is found among aromatic derivatives, 
and it has been pointed out (Sidgwick, T., 1920, 117, 395) that it 
is practically confined to compounds in which one substituent is an 
amino- or a substituted amino-group. The dimethylchloroanilines 
apparently exhibit a small difference in this direction (boiling 
points : meta-, 231—233°, para-, 230—231°), but in other cases the 
effect is much more marked, as the following examples show [the 
compounds are indicated by means of the two substituents alone; 
the figure which follows is the number of degrees difference between 
the boiling point of the meta- (which is always the higher) and that 
of the para-compound]: CH,0:NH,, 11°; NH,:NH-CH,, 10°; 
NH,:NH-C,H;, 14°; NH,:N(CH,)., 7°; NH,:N(C2H5),, 16% 
N(CH,).:N(CHs3)o, 8°. 


Dyson Perrins LABORATORY, 
OxForD. [Received, April 7th, 1921.| 
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CX.—Photocatalysis. Part I. The Synthesis of 
Formaldehyde and Carbohydrates from Carbon 
Dioxide and Water. 


By Epwakp CuaRLes Cyrit Baty, Istpor Morris HEILBron, and 
WitLiaM Francis BARKER. 


Tak photosynthesis of carbohydrates in the living plant unquestion- 
ably forms one of the most interesting problems in chemistry, and 
up to the present it has been very far from being understood. 
Many experimental results have been published, but no very definite 
conclusions can be drawn from them. Thus it does not seem 
definitely to have been established whether or no formaldehyde is 
actually the first stage in the synthetic process, assuming, of course, 
that the initial materials are carbon dioxide and water. One of the 
difficulties met with is the absence of proof that formaldehyde exists 
in growing leaves as a definite intermediate stage. There is no 
doubt that the general concensus of opinion is in favour of the view 
that formaldehyde is photochemically synthesised from carbon 
dioxide and water, although theories differ as to the chemistry of 
the process, and that the formaldehyde is then polymerised to form 
carbohydrates. 

On the other hand, Moore and Webster (Proc. Roy. Soc., 1914, 
(B], 87, 163, 556; 1918, , Bj, 90, 162) seem to take the view that 
formaldehyde does not form one of the stages in the phytosynthesis 
of carbohydrates, because they say that, if formaldehyde were 
formed, it would combine to form stable complexes with the pro- 
teins, and this would prevent its polymerisation te form sugars. 
This opinion is somewhat striking in the light of the experimental 
widence published by these authors. They have undoubtedly 
proved (1) that formaldehyde is formed by the action of altra- 
Violet light on carbon dioxide and water in the presence of certain 
organic “‘ catalysts,” and (2) that formaldehyde is polymerised 
to reducing sugars in ultra-violet light. Clearly, therefore, carbo- 
hydrates can be synthesised from carbon dioxide and water under 
‘rtain conditions in two stages. On the other hand, Moore and 
Webster have found that chlorophyll and all organic substances 
of biochemical origin give formaldehyde on exposure to ultra-violet 
ight, and thus it would seem that the photosynthesis of biochemical 
‘ubstances from formaldehyde does not take place in the plant. 

and Webster’s results are therefore, in a sense, contradictory, 
ind their evidence does not seem to bring the problem very much 
learer solution. 
NN*2 
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We have made a number of experiments on photosynthesis, 
and as the result of these are able to state that it is possible to 
synthesise carbohydrates from carbon dioxide and water in light 
and that formaldehyde does form the first stage in the photo. 
synthetic process. It is well known that carbon dioxide absorbs 
ultra-violet light of very short wave-length (A = 200u,), and that 
formaldehyde absorbs ultra-violet light of longer wave-length 
(A = 2090p). Hence, the ultra-violet light which will act on an 
aqueous solution of carbon dioxide has a much shorter wave-length 
than that which will act on an aqueous solution of formaldehyde, 
and if the photosynthesis of the carbohydrates from carbon dioxide 
and water takes place in two stages (formaldehyde formation and 
subsequent polymerisation), light of two different wave-lengths 
will be required. 

The first point to be proved was whether an aqueous solution 
of carbon dioxide gives formaldehyde on exposure to light of very 
short wave-length. Moore and Webster state that no formalde. 
hyde is formed, but this statement is incorrect. It is perfectly 
true that if water saturated with carbon dioxide is exposed in 
quartz vessels to sunlight or the light from the quartz merewy 
lamp, no formaldehyde is to be found in the solution. If, however, 
during the exposure carbon dioxide is passed through the water, 
very definite evidence is obtained of the formation of formaldehyde. 
The explanation of Moore and Webster’s failure to discover 
formaldehyde is to be found in the fact that when the solution of 
carbon dioxide is not agitated the formaldehyde produced is poly- 
merised to carbohydrates as fast as it is formed. When the solution 
is agitated, some of the formaldehyde is carried to the back of the 
quartz vessel, where it is more protected from the light. A smal 
amount therefore escapes polymerisation, and this can very readily 
be detected by Schryver’s test. We have further found that when 
the carbonic acid solution is exposed in thin glass vessels to the 
light, no formaldehyde is produced, which clearly proves that the 
effective light has a very short wave-length. 

We have also investigated the effect of ultra-violet light on aqueous 
solutions of formaldehyde, and find, as did Moore and Webster, 
that polymerisation to active or reducing sugars readily takes 
place. Moreover, if the formaldehyde solutions are exposed il 
thin glass vessels, the polymerisation still takes place, although much 
more slowly. It is thus evident that the effective light has a greate! 
wave-length than that required for the synthesis of formaldehyde 
from carbon dioxide and water, so that if a solution of carbonie 
acid be exposed to ultra-violet light and protected from thos 
specific rays which cause the polymerisation, the amount of form- 
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idehyde formed in the solution will be increased. It is quite 
pssible to find a solution which selectively absorbs these rays 
while being transparent to the very short wave-length rays. If 
sch a substance does not interfere in any chemical sense, it may 
be added to the water through which the carbon dioxide is being 

We find that paraldehyde fulfils these conditions. A 
lution of paraldehyde in CO,-free water gives no formaldehyde 
m exposure to light, and a solution of formaldehyde containing 
paraldehyde is stable to light, that is to say, the paraldehyde com- 
pletely protects the formaldehyde from those rays which cause its 
plymerisation. We then found that an aqueous solution of 
yaraldehyde containing carbon dioxide gives a very good yield of 
formaldehyde on exposure to the light from the quartz lamp. The 
paraldehyde does not act as a catalyst in the formation of formalde- 
hyde, but merely as a protector of the formaldehyde when formed. 
dn exactly similar result is obtained with sodium phenoxide. In 
the absence of carbon dioxide, no formaldehyde is formed, a solution 
if formaldehyde is not polymerised by light in the presence of 
wdium phenoxide, but a solution of sodium phenoxide in the 
presence of carbon dioxide on exposure to ultra-violet light gives 
agood yield of formaldehyde. 

Exactly the same explanation applies to the metallic salts, ferric 
chloride, uranium nitrate, etc., which Moore and Webster say 
ae “ catalysts,” for it appears that they do not catalyse the pro- 
duction of formaldehyde, but merely protect it when formed. We 
have proved this by direct observation of the stability of form- 
ildehyde solutions containing these “catalysts’’ on exposure to 
light, and have confirmed it by light absorption experiments which 
wtablish the fact that each “catalyst ’”’ selectively absorbs those 
ys which polymerise formaldehyde. We have also found that 
| per cent. solutions of ferric chloride and uranyl nitrate which 
contain carbon dioxide give good yields of formaldehyde when 
exposed in quartz tubes to the light, but do not do so when a thin 
glass screen is interposed. The glass screen removes the very 
hort wave-length rays which cause the formation of the form- 
ildehyde. 

It is not surprising that Moore and Webster fell into error in 
interpreting the function of their inorganic “‘ catalysts,” since they 
hiled to observe any formation of formaldehyde in the absence 
if one of these salts, but it is curious that they did not realise the 
‘planation of this non-production of formaldehyde, since they 
themselves were the first to prove that, when unprotected, the 
formaldehyde is polymerised to reducing sugars. It is obvious 
that Moore and Webster’s conclusions as regards the phytosynthetic 
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process are very materially affected. They state that the proces 
depends on the presence of iron salts and go to some trouble to prove 
the presence of iron in the chloroplast. It is evident, however 
that, so far from being a catalyst, the iron is really an anticatalyst, 
for, in the first place, it does not catalyse the formation of formalde. 
hyde, and, in the second, it prevents the formaldehyde from poly. 
merising to carbohydrates. Indeed, the presence of iron, if in 
sufficient concentration to act in the way Moore and Webster 
suggest, will be inimical to the growth of the plant, since the amount 
of formaldehyde produced will steadily increase until the plant is 
poisoned. 

Two of the catalysts employed by Moore and Webster fall into 
a different category, namely, colloidal uranium hydroxide and 
colloidal ferric hydroxide. The explanation of the rdle played 
by these substances is discussed below. 

Reference has been made to Moore and Webster’s discovery 
that all substances of biochemical origin give formaldehyde when 
exposed in aqueous solution to ultra-violet light. This bare state. 
ment of fact is liable to mislead, because it would seem to give 
support to the view that these substances cannot be built up by 
the plant from formaldehyde. We have confirmed many of these 
observations, but we also find that reducing sugars are produced 
at the same time. Thus, whilst it is perfectly true, for instance, 
that a 5 per cent. aqueous solution of glycerol gives some formalde- 
hyde on exposure to the quartz mercury lamp, a considerable amount 
of a reducing sugar is also produced. After only three hour’ 
exposure to the light, sufficient sugar is produced to give a marked 
reduction of Benedict’s solution, the total amount of sugar formed 
being equivalent in reducing power to 0-04 gram of glucose. 

Many other substances besides those of biochemical origin give 
similar results, and amongst these acetone may be mentioned. 
An aqueous solution of acetone (1 per cent.), after some hours’ 
exposure, gives some formaldehyde and a considerable quantity 
of sugar. It is well known that acetone, when photochemically 
decomposed, does not give formaldehyde as a direct product of 
decomposition, but yields formic acid, carbon dioxide, methane, etc., 
according to the amount of free oxygen present in the solution. 
It is obvious, therefore, that the formaldehyde must have beet 
produced by photosynthesis from the carbon dioxide and water, 
and the question at once arises as to whether the same explanation 
does not apply to all carbohydrates and to chlorophyll, namely, 
that under the influence of light of very short wave-length they at 
decomposed to carbon dioxide, which is photosynthesised 
formaldehyde, and this in its turn is photopolymerised to sugal’. 


probl 
thesis 
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There is no question but that under the influence of ultra-violet 
light an equilibrium is set up between reducing sugar, carbon 
dioxide, and formaldehyde, and in all probability the equilibrium 
may be represented by 


Sugar —> Carbon dioxide 


* é 


Formaldehyde 


The existence of this equilibrium is strongly supported by experi- 
mental evidence. Thus the polymerisation of formaldehyde to 
give a recognisable amount of sugar becomes increasingly difficult 
as its concentration is decreased. Again, the polymerisation will 
be materially enhanced if the concentration of the carbon dioxide 
be increased by the addition of sodium carbonate, as shown by 
Moore and Webster, or, better still, as we have found, of potassium 
bicarbonate. 

It must be remembered that this equilibrium is established in 
ultra-violet light, and there is little doubt that the decomposition 
of the carbohydrate to give carbon dioxide is produced by light of 
very short wave-length. It is exceedingly doubtful that this 
decomposition would take place in the growing leaf, where the chloro- 
phyll is only exposed to sunlight after transmission through the 
epidermis. We feel that Moore and Webster’s statement that all 
substances of biochemical origin give formaldehyde on exposure 
to light cannot be accepted as an argument that formaldehyde 
isnot the first stage in the photosynthesis of such substances from 
carbon dioxide and water. 

We have already shown that carbohydrates can be photo- 
synthesised from carbon dioxide and water in two stages, but the 
problem cannot be considered as solved unless it is possible to syn- 
thesise carbohydrates from carbon dioxide and water in one and the 
same vessel, and this we have succeeded in doing. Some difficulty 
was encountered at first owing to the fact that in the light of the 
quartz lamp the equilibrium lies very far over to the side of the 
carbon dioxide, and unless the concentration of this is large the 
amount of sugar formed is not sufficient to give a positive test. 
We first exposed saturated solutions of magnesium and calcium 
bicarbonates to the light from the quartz lamp for many hours, while 
‘arbon dioxide was being passed through them. Although strong 
reactions for formaldehyde were given, stronger than those obtained 
when a Moore and Webster “ catalyst” is used, insufficient sugar 
vas produced to cause reduction of Benedict’s solution. A saturated 
‘queous solution of oxalic acid was then exposed for forty hours 
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to the light. After neutralisation and evaporation, a decided 
positive reaction for a reducing sugar was obtained. Under the 
influence of the light, the oxalic acid is decomposed to carbon 
dioxide, and this gives, in turn, formaldehyde and a reducing 
sugar. It is probable that the carbon dioxide at the moment of 
its formation is more active, with the result that the formaldehyde 
and sugar are more readily produced than from ordinary carbon 
dioxide in solution. 

Reference may also be made to the formation of a reducing sugar 
when an aqueous solution of acetone is exposed to the quartz lamp. 
As already stated, formaldehyde is not one of the photochemical 
decomposition products of acetone, and therefore the formaldehyde 
and sugar found must have successively been synthesised from the 
carbon dioxide yielded by the acetone on decomposition. 

If a solution of potassium bicarbonate is exposed to the light, 
a strong reaction is obtained for formaldehyde in a few hours, but 
insufficient sugar is formed to give a positive test. On the other 
hand, if a small amount of formaldehyde is added, sufficient reducing 
sugar is produced, after further exposure for a few hours, to give 
strong reduction of Benedict’s solution. 

These results clearly establish the direct synthesis of carbo- 
hydrates from carbon dioxide and water, with formaldehyde as an 
intermediate stage, and they also establish the fact that no catalyst 
is necessary. It is further evident that the equilibrium between 
sugar, formaldehyde, and carbon dioxide existing in the unshielded 
light of the lamp lies very far over to the side of carbon dioxide. 

However satisfactory these results may appear to be, they do 
not by any means give a complete explanation of the actual process 
which is taking place in the plant. There is present in ordinary 
daylight only a very small amount of light of wave-length A=200pp, 
which is necessary for the first, or formaldehyde, stage. More- 
over, it is obvious that the plant juices and pigments completely 
absorb the ultra-violet rays, so that the phytosynthesis, if dependent 
on these rays, could not take place. Plants grow, and during 
their growth synthesise carbohydrates in light transmitted through 
glass which completely absorbs the ultra-violet beyond A=350p». 
Finally, no formaldehyde is formed from carbon dioxide and 
water under the influence of light transmitted through glass. 
Clearly, therefore, the vital process differs markedly from the 
laboratory experiments already described, and the difference 8 
that the plant uses light of longer wave-length than 350yp, that 
is to say, light which is almost entirely comprised within the 
visible region of the spectrum. We have found that the solution 
of the problem lies in photocatalysis, and we have succeeded in 
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gnthesing active or reducing sugars directly from carbon dioxide 
ind water in two stages with the aid of suitable photocatalysts 
in light of longer wave-length than 350», such as is used by the 
living plant. 

In recent papers, it has been shown by one of us (Baly, Phil. 
Mag., 1920, [vi], 40, 1, 15) that the frequencies characteristic of 
amy molecule in the ultra-violet are exact integral multiples of a 
fundamental, infra-red frequency also characteristic of that mole- 
ale, and, further, this infra-red frequency is an exact integral 
nultiple of the frequencies characteristic of the atoms composing 
that molecule. Again, a definite amount of energy is required to 
ause a molecule to undergo a specific reaction, and this energy 
nay be supplied to that molecule either in the form of one quantum 
it the ultra-violet frequency or as a whole number of quanta at 
me of the infra-red frequencies characteristic of the molecule or 
its component atoms. When the energy is absorbed at the ultra- 
violet frequency, the reaction is known as photochemical, and the 
ynthesis of formaldehyde and its subsequent polymerisation by 
ultra-violet light are pure photochemical reactions. 

It has recently been shown (Baly and Barker, this vol., 
p. 658) that in the photochemical reaction between hydivogen and 
chlorine the energy radiated during the reaction by the hydro- 
thloric acid is partly reabsorbed by the surrounding chlorine, with 
the result that a great deal more chlorine and hydrogen react than 
responds with the amount of light absorbed. In this case the 
thlorine is activated partly by absorbing light of its own character- 
istic ultra-violet frequency and partly by absorbing the infra-red 
light radiated by the hydrochloric acid that is being formed. 

It should be possible, therefore, to cause the substance A to 
wdergo a photochemical reaction in light of a frequency which is 
wot absorbed by the substance A. If a substance B, having exactly 
the same infra-red frequencies as A, be mixed with A, and the two 
exposed to light which is absorbed by B and not by A, then the 
energy radiated by B in the infra-red will be absorbed by A, with the 
sult that A will undergo the photochemical reaction. B then acts 
a true photocatalyst. The criteria defining a photocatalyst are, 
frst, that it has exactly the same infra-red frequencies as the catalyte, 
ind, secondly, that it has a different frequency in the visible and the 
ultra-violet regions from the catalyte. 

A typical example of photocatalysis was described by Daniels and 
Johnson (J. Amer. Chem. Soc., 1921, 43, 72), who showed that 
uttogen pentoxide is not decomposed by blue light except in the 
mesence of nitrogen peroxide, which absorbs blue light. The 
‘ergy thus absorbed by the nitrogen peroxide is radiated at 
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frequencies in the infra-red which are exactly the same as those of 
the nitrogen pentoxide, the two compounds having the same atoms, 

There is no doubt that the phytosynthesis of carbohydrates in the 
living plant from carbon dioxide and water is a photocatalytic one, 
and in all probability chlorophyll or carotin is the photocatalyst, 
The photocatalysis consists in the absorption of light of longer 
wave-length than 350 yp» by the chlorophyll or carotin and the 
radiation of this energy at infra-red frequencies which are reabsorbed, 
with the result that the carbon dioxide forms successively formalde. 
hyde and carbohydrates. If this is the correct explanation, then it 
should be possible to carry out the synthesis in the laboratory, using 
visible light and a photocatalyst. 

Since the two stages require for their experimental realisation 
light of different wave-lengths, they may be discussed separately. 
A suitable photocatalyst for the synthesis of formaldehyde from 
carbon dioxide and water is found in a coloured basic compound such 
as malachite-green, or p-nitrosodimethylaniline. An aqueous solution 
of either of these compounds saturated with carbon dioxide gives 
formaldehyde on exposure to light behind a thick plate-glass screen. 
In the absence of carbon dioxide, no formaldehyde is produced with 
either of the photocatalysts. A similar result is obtained with 
methyl-orange and with other substances. 

It would seem that in the case of colloidal uranium and ferric 
hydroxides Moore and Webster did use true photocatalysts. There 
is little doubt that in each case some combination with the carbon 
dioxide takes place, so that the conditions for the photocatalysis 
are secured. This will explain why in the presence of these two 
substances formaldehyde is produced from carbon dioxide in visible 
light, as shown by Moore and Webster. It cannot be claimed 
that any of the photocatalysts mentioned are perfect, since they do 
not necessarily protect the formaldehyde entirely from the rays 
which polymerise it. Moore and Webster established this fact by 
obtaining an increased yield of formaldehyde with the colloidal 
uranium hydroxide solution when the vessel was surrounded by 4 
solution of chlorophyll in alcohol. It must again be pointed out 
that, although the colloidal hydroxides of uranium and iron appal- 
ently act as photocatalysts in the formation of formaldehyde, they 
also largely protect the formaldehyde, when formed, by virtue of 
their power of absorbing the long-wave, ultra-violet rays. They 
thus prevent its polymerisation to carbohydrates, and therefore 
neither of them would be of any use to the growing plant. 

Our results show conclusively, not only that it is possible to pro 
duce formaldehyde from carbon dioxide and water by the direct 
action of light of very short wave-length (A = 200 py), but that it 
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is also possible to produce the formaldehyde from carbon dioxide 
and water in visible light in the presence of a photocatalyst. They 
also entirely dispose of Moore and Webster’s contention that the 
photocatalyst must be inorganic, since, although the metallic salts 
ued by them are not catalysts at all, but protectors, the colloidal 
wanium and ferric hydroxides appear to act as photocatalysts, 
and for this purpose coloured organic bases act equally well. 

For the second stage of the synthesis, namely, the polymerisation 
of formaldehyde to give active or reducing sugars, it will be necessary 
io employ as photocatalyst a coloured substance which forms a 
complex with the formaldehyde in order to secure the exact simi- 
larity between the infra-red frequencies. A suitable substance is 
not readily obtained, but the following experiment leaves no doubt 
of the photocatalysis of this polymerisation. An aqueous solution 
containing 17 per cent. of sodium citrate and 9 per cent. of sodium 
carbonate, on exposure to the quartz mercury lamp for two hours, 
gives formaldehyde and sufficient sugar to cause marked reduction 
on the addition of 1 per cent. of copper sulphate and warming. 
This formation of sugar does not occur if the alkaline solution is 
exposed to the same light behind a screen of thick plate-glass. On 
the other hand, Benedict’s solution, which contains the same pro- 
portions of the three compounds, gives marked reduction after 
exposure to the light for two hours behind the plate-glass screen. 
This definitely establishes the photocatalysis, for the formation of the 
formaldehyde and its polymerisation to sugar take place within the 
titrate complex, which, since it contains copper, has the power of 
absorbing visible light, and the energy so absorbed is sufficient to 
cause the polymerisation to take place. 

Whilst two stages in the synthesis of a reducing sugar have thus 
been photochemically carried out in the laboratory with and without 
a photocatalyst, the plant is able to synthesise carbohydrates from 
carbon dioxide without the formation of formaldehyde in sufficient 
quantities for its ready recognition in the growing leaf. It must 
be remembered that, if a suitable substance were obtained capable 
of photocatalysing both reactions in the laboratory, the separate 
existence of formaldehyde would not be capable of proof, since the 
carbon dioxide and water would give formaldehyde and carbohydrate 
within the same complex. We have not as yet been able to find a 
photocatalyst capable of acting in the dual capacity on a solution 
of carbonic acid, but it would seem that chlorophyll is an ideal 
substance for the dual réle. Whereas every photocatalyst that we 
have used for the first stage does not form complexes with the 
formaldehyde that is produced, chlorophyll, by virtue of its structure, 
Would seem to be capable of associating itself with carbon dioxide 
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and retaining the formaldehyde when formed, with the result that 
the process passes through the two stages to give the carbohydrate. 
We lay great stress on this point. The evidence in favour of the 
existence of free formaldehyde in growing leaves is not at all strong 
and thus definite proof that formaldehyde is the intermediate stage 
in carbohydrate synthesis is wanting. The results now brought 
forward certainly support the view that formaldehyde is an inter. 
mediate stage, and they also go to prove that its free existence in 
the leaf is not to be expected. Failure to establish its presence by 
the most delicate of tests can no longer be accepted as evidence 
against its being the first stage in the phytochemical synthesis of 
carbohydrates. We have not as yet carried out any experiments 
with chlorophyll, because we wished in the first instance to deal 
with the problem in the simplest possible way and to make use of 
photocatalysts the action of which is as simple and straightforward 
as possible. The use of chlorophyll at once introduces the possi- 
bility of the synthesis of optically active sugars, and we hope to 
investigate the behaviour of chlorophyll in the immediate future. 

It is evident that the equilibrium between carbohydrate, form. 
aldehyde, and carbon dioxide existing in the unshielded light of 
the mercury lamp will be entirely disturbed by a photocatalyst. 
In the presence of a photocatalyst which carries the reaction right 
through from carbon dioxide and water in visible light, the equi- 
librium will be shifted entirely to the carbohydrate side, since the 
system will be screened from those rays which decompose the 
carbohydrate. For this reason, as is the case in the living plant, 
carbohydrates will be formed when the concentration of the carbon 
dioxide is very small. 


Conclusions. 


1. An aqueous solution of carbon dioxide gives formaldehyde 
when exposed to light of very short wave-length (A=200 py). 

2. An aqueous solution of formaldehyde is polymerised to reducing 
sugars in light of wave-length 290 pp. 

3. In the presence of paraldehyde, sodium phenoxide, and certain 
metallic salts which absorb light of wave-length 290 pp, the yield 
of formaldehyde is materially increased. These substances do not 
catalyse the reaction, but protect the formaldehyde, when formed, 
from polymerisation. 

4. The photosynthesis of formaldehyde from carbon dioxide and 
water can be photocatalysed by certain coloured basic substances, 
for example, colloidal uranium and ferric hydroxides, malachite-green, 
methyl-orange, etc. The photosynthesis then takes place in visible 
light. 
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5. The polymerisation of formaldehyde to give carbohydrates 
has also been photocatalysed. 

6. When carbohydrates, glycerol, acetone, oxalic acid, etc., are 
exposed in aqueous solution to the light from the quartz mercury 
mp, formaldehyde and reducing sugars are formed. An equi- 
ibrium is set up between sugar, formaldehyde, and carbon dioxide. 

7. When exposed to the unscreened light from the mercury lamp, 
this equilibrium apparently lies far over to the side of the carbon 
dioxide. 

8. By the action of the light from the mercury lamp on a concen- 
trated solution of potassium bicarbonate considerable quantities 
of formaldehyde are produced, but insufficient to give a positive 
test for a sugar. If, however, more pure formaldehyde is added, a 
positive test for a reducing sugar will be obtained after further 
exposure for a few hours. 

9. In the presence of a photocatalyst capable of catalysing both 
stages of the reaction, the equilibrium will be shifted entirely over 
to the side of the reducing sugar. 

10. Chlorophyll would seem to be an ideal photocatalyst for 
both stages of carbohydrate synthesis from carbon dioxide and 
water. The formation of carbohydrates in the growing leaf from 
vry small concentrations of carbon dioxide without the free 
existence of formaldehyde as an intermediate product is thus 
explained. 

THE UNIVERSITY, 
LIVERPOOL. [Received, June 16th, 1921.] 


CXI.—a-Monosodium Glyceroxide : Its Structure 
and Application. 


By ARTHUR FAIRBOURNE and Haroip Toms. 


Ur to the present the general methods of attempted identification 
of the structure of monoglycerides have depended either on the 
action of glyceryl chlorohydrins on the salts of fatty acids or on 
the esterification of the fatty acids with the chlorohydrins and the 
ubsequent exchange of the halogen atoms for hydroxyl groups 
‘Annual Reports, 1920, 17, 58). Fischer has shown these methods 
o be untrustworthy (Ber., 1920, 53, [B], 1621), and there has now 
ten published an alternative and trustworthy method based on 
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the constitution of ‘‘ acetone glycerol” (Fischer, Bergmann, an 
Barwind, Ber., 1920, 53, [B], 1589). 

The present authors found it necessary to determine the exact 
constitution of certain monoglycerides in the course of a larg 
investigation on the preparation of oxazines, but in view of the 
current interest in this problem it is felt desirable that these experi. 
ments should now be communicated separately, since they embody 
an independent and quite different method of preparation of «-mono. 
derivatives of glycerol of undoubted purity. 

Willgerodt (Ber., 1879, 12, 766) condensed glycerol, in the presence 
of potassium hydroxide, with 1-chloro-2 : 4-dinitrobenzene, then 
called “ «-dinitrochlorobenzol,’ whence he named the product 
“* monoalphadinitrophenylglycerinather,”’ the letter of identification, 
however, being used apparently without reference to the position 
of substitution in the glyceryl radicle, a terminology which would 
seem to be largely responsible for this ether subsequently remaining 
in the literature, without proof, as definitely an «-ether of glycerol. 

Lébish and Loos (Monaish., 1881, 2, 782, 842) prepared both 
the mono- and di-sodium derivatives of glycerol, no attempt being 
made to prove the constitution of either compound. Letts (Ber. 
1872, 5, 159) also prepared the mono-sodium derivative, removing 
the accompanying molecule of alcohol of crystallisation by heating 
the crystalline product in a current of hydrogen, and Nef (Annalen, 
1904, 335, 285), whilst working on the dissociation of this substance, 
obtained indirect evidence that it was probably the «-compound. 

In the present work, this derivative has been prepared in large 
quantity, quite free from alcohol, by warming the precipitated 
powder in an evacuated flask. The product was then condensed 
with 1-chloro-2 : 4-dinitrobenzene to give an ether of necessarily 
the same constitution as that of the sodium derivative, and this 
constitution has been successfully determined by proof of the identity 
of its diacetyl derivative with that obtained from the 2 : 4-dinitro- 
pheny] ether of allyl alcohol, and confirmed by the identity of the 
dibromides obtained from the glyceryl and the allyl ethers respec- 
tively. 

CH,"ONa CH,-0-C,H,(NO,). CH,°0-C,H,(NO,), 
CH-OH —> ) po = ° 


CH,°OH 'H,-OH 
NY, 
aa 
CH,-OH CH,0-C,H;(NO;), CH,*0-C,H;(N O2)s 
—> CHBr 


> CH 
CH, CH,Br 
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EXPERIMENTAL. 
a-Monosodium Glyceroxide, CH,(OH)*CH(OH)-CH,*ONa. 


Twenty-three grams of sodium (1 mol.) were dissolved in 350 c.c. 
‘Mi absolute alcohol, and to this was cautiously added slightly less 
an one molecular proportion of glycerol. The addition of each 
wrtion caused a violent action and the precipitation of a white, 
«ystalline solid, which was filtered rapidly and washed with alcohol 
ud then with ether. The yield, calculated as C,H,0,Na,C,H,°OH, 
ms nearly theoretical (Found: Na=14-22; C,H;-OH=28-5. 
(\H,0,Na,C,H,-OH requires Na= 14-37; C,H;-OH=28-7 per cent.). 
The alcohol of crystallisation was removed from this compound 
ly heating it for five hours at 100° and 25 mm. pressure, a modi- 
feation of this method being used in the estimation of the alcohol 
athe original compound. The percentage of sodium was estimated 
i the alcohol-free glyceroxide obtained in this way (Found: 
hk=19-94. C,H,O,Na requires Na=20-17 per cent.). 


Glycerol «-2 :4-Dinitrophenyl Ether, 
C,H,(NO,).°O-CH,°CH(OH)-CH,°OH. 


Molecular proportions of «-monosodium glyceroxide (11-4 grams) 
and 1-chloro-2 : 4-dinitrobenzene (20-25 grams) were dissolved in 
\i4e.c. and 206 c.c. of glycerol respectively. When these solutions 
lad cooled to about 100°, the chlorodinitrobenzene solution was 
poured into that of the glyceroxide, which immediately assumed 
acherry-red colour. The mixture was heated almost to boiling 
ir twenty minutes, and was then poured into 1180 c.c. of water, 
te precipitated material being redissolved by boiling. After 
ieeping for twenty-four hours, the mass of yellow crystals was 
iltered off and washed with light petroleum (b. p. 40—60°), the 
field being 90 per cent. of the theoretical. 

This ether is, when pure, colourless, and it crystallises from 
vater, benzene, and tetrachloroethane. It is soluble in ether, 
ikohol, and acetone, and in alkaline solution is deep red; but it 
weomes colourless on the addition of a slight excess of acid. It 
uelts at 85° (compare Willgerodt for an ether of unknown constitu- 
tion, m. p. 83°; Ber., 1879, 12, 769). 

The Diacetyl Derivative, 

C,H,(NO,).*O-CH,*CH(O-CO-CH,)*CH,*O-CO-CHs. 
~The glycerol ether was heated under reflux for two to three hours 
mith five parts of acetic anhydride and one part of anhydrous 
‘odium acetate. The oil, obtained by pouring the mixture into 
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water, dissolved on boiling, and on cooling reappeared as a colow. 
less, crystalline substance. It crystallises from water and fro 
alcohol, and melts at 106—107° (Found : CH,-CO=25:12, 25:3 
C,3H,,0,N. requires CH,-;CO=25-15 per cent.). 


2:4-Dinitrophenyl Allyl Ether. 


This compound was prepared by a method similar to that used 
by Willgerodt (loc. cit.), who distilled off the excess of allyl alcohol 
after condensation had taken place. It has been found that this 
procedure leads in most cases to charring, and in one instance an 
explosion occurred. Instead, therefore, of distilling off all the 
allyl alcohol, some 80 per cent. only was removed in this way, the 
residue being poured into a 5 per cent. solution of sodium chloride 
and extracted with ether. The fibrous mass obtained after the 
removal of the ether crystallised from alcohol in long, colourless 
needles, m. p. 46°. 

Several unsuccessful attempts were made to oxidise this substance 
directly to the corresponding dihydroxy-compound, and this method 
of identifying the structure of these substances was ultimately 
abandoned, attention being directed towards the diacetyl and 
dibromo-derivatives. 


2: 4-Dinitrophenyl By-Dibromopropyl Ether, 
C,H,(NO,),"O-CH,*CHBr-CH,Br. 


Three grams of 2: 4-dinitrophenyl allyl ether were dissolved 
in 10 c.c. of chloroform, and a solution of rather more than the 
theoretical amount of bromine (2-26 grams) in 10 c.c. of the same 
solvent was added. The chloroform was distilled off and the 
residue heated on a water-bath until the excess of bromine had 
volatilised. The solid thus obtained crystallised in small, hard 
plates with a silvery lustre, m. p. 110°. The yield was quantitative 
(Found : Br=41-76. C,H,O,N,Br, requires Br=41-67 per cent.) 


Action of Silver Acetate on 2 : 4-Dinitrophenyl By-Dibromopropy! 
Ether. 


Many attempts were made, in various solvents, to replace the 
bromine in this compound by acetyl radicles, but only in glacial 


acetic acid solution were any signs of success apparent. The 
silver acetate used was freshly prepared and analysed in order to 
check its purity. , 

Five grams (1 mol.) of pure silver acetate were suspended i 
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glacial acetic acid, and to it was added a solution of 3-6 grams 
(1 mol.) of the dibromide in the same solvent. The mixture was 
heated under reflux for four hours, and the silver bromide was 
then filtered off and washed several times with water. The wash- 
ings and the filtrate were combined, diluted with water, neutralised 
vith sodium carbonate, and extracted with ether. The solid 
extracted in this way was a mixture of the required diacetyl com- 
pound and unchanged dibromide. By extraction with water and 
repeated crystallisation from alcohol, a substance was obtained 
vhich melted at 104—105°. Further crystallisation had no effect 
m the melting point, but a mixture with the diacetyl derivative 
of glycerol «-2 : 4-dinitrophenyl ether melted at 105—106°. 


ML. p. of the diacetyl derivative of the glycerol ether ... 106—107° 
Ml. p. of the diacetyl derivative of the ae ether 104—105° 
M. p. of the mixed substances —..........:.ceeeeeeeeeeeeee eee 105—106° 


The diacetyl derivative obtained indirectly from the allyl ether, 
therefore, was not perfectly pure, but it was obviously identical 
vith that produced by acetylating the glycerol ether. Since, in 
the allyl ether, the 2 : 4-dinitrophenyl radicle must be joined to a 
trminal carbon atom, it follows that the glycerol ether and the 
sodium derivative are both «-compounds. This conclusion has 
been definitely confirmed by the identity of the corresponding 
dibromides in the following manner. 


Action of Phosphorus Tribromide on Glycerol «-2 : 4-Dinitrophenyl 
Ether. 


This substance was warmed gently for an hour with phosphorus 
ttibromide, and when no further evolution of gas occurred the 
mixture was poured into water. The solid substance obtained 
titer keeping for several days was washed, first with sodium car- 
bonate solution and then with water. After crystallisation from 
cohol, the following series of melting points was obtained : 


M. p. of this product ......... tmoasencn ieee 
M. p. of the dibromide of the allyl hee neuen 110° 
M. p. of the mixed substances ..........::.s:eeeeeeeeee 110° 


The identity of these melting points affords an independent proof 
if the structure of the monosodium glyceroxide and of the dinitro- 
phenyl ether derived from it. 

The constitution of the a-monosodium derivative being now 
ftoved, it is thus possible to prepare mono-substituted products of 
tyeerol by treating this sodium compound with acid chlorides or 
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compounds of a similar nature, as has been done in the case of 
the dinitrophenyl ether described above. A typical example o 
mono-acyl preparations (glycerides) is that of the benzoyl ester, 
the constitution of which as an a-derivative has been proved by 
the following representative experiment. 

Equimolecular proportions of «-monosodium glyceroxide and 
benzoyl chloride were placed in dry benzene and kept for twenty. 
four hours. The mixture was then heated for a few minutes and 
filtered. The benzoyl glyceride was obtained as a viscous oil, 
which crystallised after being subjected to a freezing mixture of 
ice and salt for two days (Found: C,H;-CO=53-60. C,9H,,0, 
requires C,H,*CO=53-56 per cent.). 


The authors wish to take this opportunity of expressing their 
thanks to Professor Smiles for the interest he has taken in this 
work. 


Kine’s CotteGEe, Untversity or Lonpon, 
Stranp, W.C.2. [Received, May 31st, 1921.] 


CXII.—Electrochemical Conceptions of Valency. 


By Joun Atpert Newron FRIEND. 


THEORIES of valency may be divided into two groups, namely, 
physical and chemical. Physical theories are intimately con- 
cerned with the constitution of the atom, and the nature of the 
forces causing chemical combination. Chemical theories, on the 
other hand, postulate the existence of either definite or indefinite 
attractive forces, and deal more particularly with the structure of 
the molecule entering into chemical reactions. Chemical theories, 
therefore, do not necessarily stand or fall with the physical theories, 
and the valency bond assumed to join sodium and chlorine atoms 
in sodium chloride may still be written Na-Cl, irrespective of 
whether the physicist regards it as a mechanical hook, a tube o 
force, or as marking the passage of an electron. 

Sir J. J. Thomson has recently published (Phil. Mag., 191, 
[vi], 41, 510) a more complete account of his physical theory of 
valency, which was described in 1914 (Phil. Mag., 1914, [vi], 27 
757) and has been adapted to harmonise with modern conceptions 
of atomic structure. His theory offers such interesting physical 
interpretations and support for many of the essential features of 
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te purely chemical theory of valency suggested by the present 
thor in 1908 (T., 1908, 93, 260) that it seems desirable to direct 
sitention to the more important points. 

Thomson distinguishes two kinds of valency. 

i) Jonised Valency.—When a highly electropositive atom, such 
» sodium, comes into contact with a strongly electronegative 
som, like chlorine, the latter is sufficiently powerful to drag an 
dectron from the former, with the result that the sodium becomes 
psitively charged and the chlorine negatively. Compounds of 
this character have abnormal specific inductive capacities, «, and 
io not conform to Maxwell’s law that 

e=n? 
there n=refractive index. 

Thomson terms this electronic interchange intramolecular tonis- 
din, and the bond of union thus created corresponds with the 
lar valence of Bray and Branch (J. Chem. Amer. Soc., 1913, 
%, 1440), the mobile valence of Lewis (ibid., p. 1448), and the 
jee valencies of the author’s theory (T., 1908, 93, 260), according 
which the sodium exerts a free positive valence, and the chlorine 
sfree negative valence. This may be represented as Na —> Cl, the 
psitive atom being termed the donor and the negative the acceptor. 

i) Non-ionised Valency—When two electrochemically similar 
itoms unite, as, for example, in the case of the elementary gases 
iydrogen, oxygen, etc., Maxwell’s law applies and Thomson as- 
umes that no electron actually passes from one atom to the other, 
w that neither atom may be said to be charged. The forces join- 
ig the atoms thus correspond with the non-polar valencies of Bray 
ind Branch, and the immobile valencies of Lewis. 

There is this important feature, however, that the valency electron 
ifeach atom starts a tube of force which anchors itself upon the 
ucleus of the opposite atom. This may be represented * as 
i= H, in the case of hydrogen, so that these non-ionised or im- 
mobile valencies are always exerted in pairs of equal and opposite 
i, and thus correspond with two valency bonds. 

This is a very striking physical interpretation of the author's 
tsidual or latent valencies “‘ which differ from the above-mentioned 
te valencies in that they can only be called out in pairs of equal 
nd opposite sign” (T., 1908, 93, 263). The italics occur in the 
mginal. These residual valencies were postulated in order to 
“count for polyatomic or diatomic molecules composed of atoms 
if similar electrochemical behaviour, because it was regarded as 

* The half arrow —< may be conveniently used to denote a non-ionised 


w latent valence, and a full arrow —»> the passage of an electron, a free or 
nised valence. 
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unlikely that in a molecule of oxygen, for example, one atop 
could be differently charged from the other, as the ordinary electro. 
chemical theory of valency would require, and as was postulated 
in the Brodie-Schénbein theory of ozone and antozone. At the 
time there were several difficulties in the way of accepting the 
author’s theory. One lay in understanding how a pair of equal 
and opposite forces could be called into play. Thomson’s ex. 
planation disposes of this. A second difficulty lay in the fact that 
hydrogen was rendered bivalent, and this made theoretically 
possible the existence of polyatomic hydrogen molecules. Thus 
aE 

‘\. 7 . Since then, however, the synthesis of triatomic hydrogen, 

H 

Hs, appears to have been effected (Wendt, J. Amer. Chem. Se. 
1920, 42, 930), so that the older view of the strictly univalent 
nature of hydrogen requires revision. The constitution of ozone 
is presumably similar, the atoms being connected by their latent, 
immobile, or non-ionised valencies, in cyclic form; thus, 


Oo—O 
bP 
O 


If this formula is correct, the gas should conform to Maxwell's 
law. As yet, however, the necessary data have not been obtained 
to confirm this. 

Theoretically, polyatomic molecules of all elements are possible, 
and may be capable of momentary existence, as Thomson and 
Aston have shown for such substances as CH, CH,, etc. The 
deciding factor, however, as to which shall survive must be the 
degree of stability under normal conditions. It is remarkable 
that atoms should so frequently arrange themselves in groups of 
three and multiples of three. 

Attention has recently been directed to the fact that ammonium 
chloride exists in two forms, the transition point being 1845 
(Scheffer, Verslag. Akad. Wetensch. Amsterdam, 1915, 18, 446, 
1498) both when moist and dry (Smith, Eastlack, and Scatchari, 
J. Amer. Chem. Soc., 1919, 41, 1961). In 1908 the author (lo. 
cit., p. 267) suggested the existence of two forms, the compound 


H,iN = Cl-H 


being first produced, and undergoing intramolecular rearrangement, 
and ionisation on cooling, to 


ee 
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Evidence in favour of the former formula as representing the 
initial product is not only found in the ease with which the salt 
dissociates on heating to ammonia and hydrogen chloride, but also 
inthe fact that ammonia and hydrogen chloride, even when perfectly 
dry, unite in benzene solution (Kahlenberg, J. Physical Chem., 
1902, 6, 1). The reaction is thus molecular, not ionic. These 
observations are in harmony with the views of Thomson, who 
regards the forces generating molecular compounds as similar to 
non-ionised valencies, and shows that the union of one molecule 
with another molecule, radicle, or atom may lead to greater stabil- 
isation and even to intramolecular ionisation amongst atoms not 
exhibiting it originally. 

There would appear to be no essential chemical difference be- 
tween ionised and non-ionised valencies by which they can be 
distinguished. Thomson’s test, which consists in the application 
of Maxwell’s law, can only be utilised in a few cases. A study of 
his short list of substances conforming to Maxwell’s law reveals 
the interesting fact that these do not exhibit electrolytic dis- 
sociation in aqueous solution, for example, hydrogen, carbon 
monoxide, nitrous oxide. Only in extreme cases, however, can 
this fact be utilised for the purpose of distinguishing between 
inised and non-ionised valencies, since atoms joined by the former 
ae not invariably dissociated in solution.* Thus ammonia does 
not conform to Maxwell’s law, and Thomson therefore places it 
amongst the molecules manifesting intramolecular ionisation. In 
aqueous solution, however, the hydrogen atoms do not dissociate 
fom the nitrogen ; indeed, such ions as exist in solution containing 
titrogen possess a fourth atom of hydrogen, thus, NH,. As a 
general rule, electrolytic dissociation occurs only when the ionised 
valencies connect atoms of high electrical polarity, as in H —> Cl. 
There would thus appear to be valencies of all grades of strength, 
the extremes of which are encountered in non-ionised molecules 
sch as H, on the one hand, and intramolecularly ionised molecules 
sich as HCl on the other. 

This leads us to the interesting conclusion that there may be 
two methods of preparing a substance from the same constituents, 
tamely, molecular and ionic. Thus, ammonium chloride may be 
obtained 

|. Ionically—by the union of ammonium and chlorine ions in 
aqueous solution. 

2. Molecularly—by the union of ammonia and hydrogen chloride 
wolecules through non-ionised valencies and subsequent intra- 


* Contrast Lewis, J. Amer. Chem. Soc., 1916, 38, 762. 
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molecular rearrangement of the H,N:CIH, initially produced, t 
NH,Cl. 

Modern physics, in showing that valency is an electrochemical 
force, suggests the necessity of remodelling Werner's theory, which 
postulates an attractive force only, akin to cohesion, and closely 
resembles the early theory of radicles. The success of the theory 
has lain in its application to the constitution of complex ions con. 
posed of atoms characterised by non-ionised valencies, either in 
addition to, or independently of, ionised valencies. The theory 
breaks down entirely when applied to simple inorganic compounds, 
such as ammonium chloride, containing only ionised valencies, 
In 1908 the author (T., 1908, 93, 1007) suggested that in compler 
salts, the non-dissociated group forms a shell round the heavy 
metal, the individual atoms being joined by latent or non-ionised 
valencies. Thus, potassium platinichloride is written as 


Cl— Cl 


Ft 
K — Cl Pt Cl -— K. 
% FF 
Cl-—Cl 

The chlorine atoms are assumed to lie at the corners of an octa- 
hedron enclosing the platinum atom. This is the most stable 
arrangement. A difficulty lay in understanding how such a shell 
could be stable. Application of Thomson’s theory, however, 
makes this clear. 

1. The chlorine atoms are joined by non-ionised valencies, 8 
do not dissociate in solution. 

2. The field of force due to the charged platinum atom enhances 
the stability of the non-ionised chlorine valencies in the manner 
already indicated (see p. 1043), and hence the stability of the shell, 
although not to such an extent as to cause an actual electronic 
interchange amongst the chlorine atoms themselves. 

The chlorine atoms also tend to attract the platinum atom by 
stray lines of force, not sufficiently concentrated to produce 4 
definite valency effect, but strong enough to produce effects re 
sembling cohesive forces—to which Thomson ascribes the same 
origin—which assist in keeping the platinum atom within the 
shell. The potassium atoms, however, are joined by free or ionised 
valencies to the chlorine atoms and are hence as free to dissociate 
in solution as if potassium chloride alone were present. 

Werner’s method of representing the salt, namely, [PtCl,]K» 
may still be adopted, as it is non-committal, save that it shows 
that the complex within the bracket behaves as one ion. 

The shell formula may be applied with equal clearness to the 
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more complex cobaltammines. Thus the succinatodiethylene- 
diaminecobaltic salts 


H,-CO-O 
bs C0-07©° en, |X 


recently prepared by Duff (T., 1921, 119, 385), contain four nitrogen 
and two oxygen atoms in the shell; thus, 


NH,—CH, 
 \vn,-t 
CH,"CO-O. ve, H, 


OH, 00-0 “NH, —CH, 


, 
NH,——CH, 


According to this scheme, several isomerides are clearly possible, 
namely, with the oxygen atoms in the ortho- (as above) and para- 
positions, and also with the nitrogen atoms of the different ethy]l- 
enediamine molecules alternating or interlocked. It is interesting 
to note that Duff obtained evidence of isomerism in the case of the 
bromide. ‘The salt obtained by the action of succinic anhydride upon 
the carbonato-salt was crystalline and presumably had the ortho- 
fom. Thesalt obtained with free succinic acid was amorphous. 
Since succinic acid reacts as if it has a configuration analogous 
to that of fumaric acid (Bruni, Aiti R. Accad. Lincei, 1904, [v], 
13, i, 626), it is easy to see that the two oxygen atoms would tend 
to take para-positions in the shell, thus symmetrically separating 
the two diamine molecules. 

When silver nitrate is added to a solution of cis-isothiocyanato- 


amminediethylenediaminecobaltic dithionate, | HNC° ens | S,0,, the 


AgSCN NO 
compound | H,N© ens | 8.0, 
1915, 107, 1713). This change in valency of the complex is readily 
‘xplained by the shell theory. Thus, 


is obtained (Price and Brazier, T., 


the silver elie itself to the nitrogen in the ring, thus losing 
ts power of separate ionisation. The cobalt has now an extra 
vilence to spare for the NO, group, which is ionisable like the 
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S,0, group, since it is attached to the cobalt atom by a free o 
ionised valence. 

The shell theory explains the constitution of many comple 
substances which are not capable of direct explanation by Werner: 
theory. Thus the carbonato-pentamminecobalt salts (Werner and 
Goslings, Ber., 1903, 36, 2378; Vortmann and Blasberg, Ber, 
1889, 22, 2648) give no reactions for carbonate ions. Werner 
suggests the formula 

F ee 
/ an! 
| (NH,);Co (NH) | +: 


which is clearly a violation of his own theory. The corresponding 
chromato-derivatives (Briggs, T., 1919, 115, 67) present precisely 
the same difficulty, for the CrO, radicle is shown to be situated 
within the complex. In both types, therefore, only one anion is 
obtained, whereas there should be two. 

The shell theory explains this clearly. Thus, the carbonato. 
derivative is 


The cobalt valency is still 3, and the CO, group cannot ionise, as 
it is part of the shell, so that the complex acts as a univalent 
positive ion. 

It will thus be evident that the author’s shell theory closely 
resembles spatially the scheme suggested by Werner, in that the 
groups are arranged at the corners of an octahedron. It differs 
from Werner’s theory, however, in that : 

1. It postulates the existence of such valencies only as are in 
harmony with modern physical conceptions of the atoms, and is 
essentially electrochemical. 

2. The groups round the central metallic atom are assumed to ffi 
be joined together by latent or non-ionised valencies and not 
necessarily to the central atom itself. An explanation is thus 
afforded for the non-ionising character of the groups in the shell ey 
and the central atom is not endowed with a high number of valencies. 
Werner’s theory does not explain the non-ionising character of the 
complex ion, since he himself showed that there was no distinction 
between his “ Haupt” and “ Neben”’ valencies. 

3. The shell theory explains many phenomena both with simple 
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inorganic substances * and with complex salts, which cannot be 
explained by Werner’s theory. 

4, When models of optically active cobalt complexes are con- 
structed in accordance with the shell theory, it can be shown that 
the activity is due, not to an asymmetric arrangement round the 
cobalt atom, as Werner suggested (Ber., 1911, 44, 1887, etc.), but 
to the presence of an asymmetric nitrogen atom. The author 
hopes shortly to deal more fully with this very important point. 


CoemicaAL DEPARTMENT, 
Mounicipat TECHNICAL SCHOOL, 
BIRMINGHAM. [Received, May 6th, 1921.] 


(XIII.—The Influence of Nitro-groups on the Reactivity 
of Substituents in the Benzene Nucleus. Part II]. 
The Partial Reduction of the Dinitrotoluenes by 
Stannous Chloride and Hydrochloric Acid. 


By Harotp Burton and JAMES KENNER. 


Taz partial reduction of aromatic polynitro-compounds is usually 
catied out by means of either ammonium sulphide or stannous 
chloride and hydrochloric acid. Further, a nitro-group in the 
otho- or para-position to another nitro-group can usually be 
rplaced by an amino-group by heating the compound with alcoholic 
mmonia. This, however, is, of course, not a reduction process, 
though instances of it are sometimes quoted as such. It may 
te said, in fact, that at present our ideas on the relationships of 
these processes to each other, and on their respective applicabilities, 
ue distinctly vague. Thus Bucherer (“‘ Lehrbuch der Farbstoff- 
themie,” 2nd edition, Leipzig, 1921, p. 197) states that “ ersichtliche 
(esetzmiissigkeiten ” may be deduced from a number of instances, 
“hich he quotes, of the replacement of a nitro- by an amino-group 
i polynitro-compounds. This writer evidently has no suspicion 
that the results obtained are in any way dependent on the reagent 
fmployed, and so gives no information on this point. Since, how- 
wer, reference to the literature shows that illustrations of each 
ithe above three processes are included, and it will now be shown 
at the result obtained often varies with the reagent, it is evident 


* See Rhodes, Chem. News, 1921, 122, 85, 97, who has applied the author’s 
ll theory to hydrates. 
VOL, OXIX, 


1048 BURTON AND KENNER: INFLUENCE OF NITRO-GROUPS oy 


that Bucherer’s collation of results, as it stands, cannot form thy 
basis of any sound conclusions of the kind anticipated. 
Anschiitz, who first used stannous chloride for the purpose no 
under discussion (Ber., 1886, 19, 2161), obtained 4-nitro-o-toluidip: 
from 2: 4-dinitrotoluene by this means, and at the same tim 
directed attention to the fact that 2-nitro-p-toluidine results frog 
the use of ammonium sulphide. But a difference of this kind j 
not always observed. Thus, the reduction of picric acid fir 
takes place in the 2-position, whatever reagent be employed (Girz 
Annalen, 1853, 88, 281; Jahresbericht, 1885, 535), whilst fron 
2: 4-dinitroaniline both 2-nitro-p-phenylenediamine and _ 4-nitm 
o-phenylenediamine are obtained by the action of ammoniui 
sulphide (Kehrmann, Ber., 1895, 28, 1707). In these and in mos 
compounds which have been subjected to partial reduction, th 
nitro-groups are in the meta-position, and relatively little attentio 
seems to have been given to compounds in which the nitro-group 
are in the ortho- or para-position to each other. Nevertheless, i 


has long been known that the application of the ammonium sulphii form 
process to compounds containing a mobile substituent in thes 
positions relative to a nitro-group results, not in the reduction 
the nitro-group, but in the replacement of such mobile substituer 
by a group containing sulphur (Beilstein and Kurbatow, Be 
1878, 11, 2056). It is true that 2-nitro-m-toluidine is stated t 
have been prepared in this way from 2 : 3-dinitrotoluene (Lim 
richt, Ber., 1885, 18, 1402; Noelting and Stoecklin, ibid., 18) 
24, 565), but it will be shown that the genuine 2-nitro-m-toluidin The 
has quite other properties than those ascribed to his product } toluer 
Limpricht. It has already been demonstrated that the chi %), 3 
product of the action of ammonium sulphide in this case als| ductic 
dinitroditolyl sulphide (Kenner and Parkin, T., 1920, 117, 85) The 
In such cases, therefore, the choice lies between the use of alcohol applie 
ammonia and of stannous chloride, and the following consideratiot from 
suggested to us the possibility that different results would ! the fo 
obtained by the two processes. 2342) 
It seems not unreasonable to assume that the reduction of 
nitro-group is preceded by the formation of an additive compow 
of the nitro-compound with a molecule of hydrogen or of tt 
reducing agent : 
R-NO,+H, —> R-NQ,...... H, — R-NO+H,0 We 
us 
R-NO,+SnCl, —> R-NO, ..... SnCl, -> R-NO+Sn0Ch. robe 
If this be premised, it would be expected that, of two nitro-grouP lls 


that one would suffer preferential reduction which is the more liab 
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to form the necessary additive product. It will be recollected, 
B however, that in previous papers of this series (T., 1914, 105, 2717; 
1920, 117, 852) the explanation of the replacement of a substi- 
tuent rendered mobile by a nitro-group is based on the assumption 
. Mithat the first stage consists in the formation of an additive com- 

B pound through the nitro-group with the reagent employed, and 

‘hence that of two nitro-groups exposed to the action of alcoholic 

Baumonia or similar reagents, that one will suffer displacement 
which is the less liable to form the preliminary additive product. 
It would therefore appear that, of two nitro-groups, that which 
siffers replacement under the influence of alcoholic ammonia or of 
sodium methoxide will be the more resistant to reduction. 

In this connexion, it is perhaps worth while to note that, for 
instance, the influence of the methyl group in determining the 
geater mobility of the 3- than the 4-nitro-group in 3 : 4-dinitro- 
toluene, as foreseen by the application of Fliirscheim’s hypothesis, 
would also be expected to render the 4-nitro-group more able to 
form additive compounds : 

. 


f* 
[ Ly0 


\/ NO 


N 
walt ay 


The action of ammonia and sodium methoxide on the dinitro- 
toluenes had already been investigated (Kenner and Parkin, loc. 
ct.), and it was therefore decided to submit these to partial re- 
duction by means of stannous chloride and hydrochloric acid. 
The conditions employed were those which had been successfully 
applied by Crossley and Wren to the case of 3 : 4-dinitro-o-xylene, 
ftom which 3-nitro-o-4-xylidine was obtained, with indications of 
the formation of the isomeric 4-nitro-o-3-xylidine (T., 1911, 99, 


Me 


(‘Me =. 
en 


2 


_ We were enabled, by the kindness of Professor Crossley in supply- 

ng us with material, to supplement this result, and to show that 

‘nitro-o-3-xylidine is obtained almost quantitatively by the action 

of alcoholic ammonia. Similarly, 2: 3-dinitrotoluene, which is 

‘onverted into 3-nitro-o-toluidine by the treatment with alcoholic 
002 
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ammonia, gives almost pure 2-nitro-m-toluidine, m. p. 107°, when 
reduced by stannous chloride : 


Me Me 
or SnCl, 
OR = Om 
wr ,* 


K 


The new base, which is deep red in colour, and is easily acetylated, 
has also been obtained by the action of ammonia on 3-chloro-?- 
nitrotoluene. This reaction takes place with considerable difficulty, 
doubtless owing to steric hindrance to the formation of the necessary 
preliminary additive product with the nitro-group. 

It is probably safe to predict that, in compounds of this type, 
one or other of the nitro-groups may be replaced at will by suitable 
choice of the reagent to be employed, a possibility which may well 
be useful for synthetic purposes, since, in general, at present no 
other means is known by which the two isomerides may be obtained. 
It is fortunate from this point of view that the same difficulty does 
not exist in the cases of the nitroamines derived from 3: 4- and 
2 : 5-dinitrotoluenes. The former, from which almost pure 4-nitro- 
m-toluidine was obtained by treatment with alcoholic ammonia, 
when reduced with stannous chloride, gives a mixture of the two 
possible isomerides in almost equal proportions. From 2:5- 
dinitrotoluene, the product of the action of ammonia contained 
88 per cent. of 5-nitro-o-toluidine, with 12 per cent. of 6-nitro- 
m-toluidine, whilst the proportions resulting from reduction by 
stannous chloride were 68 : 32. 

A closer scrutiny of the reasoning employed above shows that 
a complete reversal of the results of the action of ammonia by 
that of stannous chloride is only to be expected if the nature of 
the additive product is similar, and if the ratio of its velocity of 
formation to that of its transformation is comparable, in the two 
cases. The former condition is very probably fulfilled, but observ- 
ation shows that the latter is not satisfied. Thus, when a solution 
of stannous chloride in alcoholic hydrochloric acid is added to 
suspension of a dinitro-compound in alcohol, there is a considerable 
development of colour, and the material at once passes into solution, 
indicating the immediate formation of an additive compound with 
stannous chloride. If the compounds thus produced are stable, 
as they may be in presence of the excess of stannous chloride e- 
ployed, the relative proportions in which the two nitro-groups are 
reduced will depend chiefly on their relative tendencies to form 
the additive compound, as already discussed. The formation of 
the compounds with ammonia is not instantaneous, and & 
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reversible, since complete solution does not occur when the nitro- 
compounds are mixed with this reagent, and the increased depth 
of colour produced by heat diminishes again on cooling. Such 
circumstances are much more favourable to considerable pre- 
ponderance of one product over the other. The almost complete 
contrast nevertheless observed in the case of 2 : 3-dinitrotoluene 
and similar compounds must be ascribed to strong steric influences, 
the effect of which in each case is almost completely to inhibit one 
of the alternative courses of the reaction. The exact evaluation 
of the various factors referred to is hardly possible at present, and 
it is probably for this reason that the explanation so outlined 
would scarcely lead one to anticipate the formation of the two 
possible derivatives in equal proportions by the action of stannous 
chloride on 3: 4-dinitrotoluene. Nevertheless, it suggests that the 
experimental results are not necessarily at variance with the 
theoretical considerations which suggested them. 


EXPERIMENTAL. 
Action of Ammonia on 3 : 4-Dinitro-o-xylene. 


The dinitro-compound (1 gram) was heated with ammonia 
solution (2-5 e.c.; D 0-880) and methyl alcohol (13-5 c.c.) for two 
successive periods of eight hours at 160°, to ensure completion of 
the reaction, although this was probably achieved in eight hours. 
(n cooling, the base (0-55 gram) separated in red scales, m. p. 118-5°, 
incomplete agreement with the account given of 4-nitro-o-3-xylidine 
by Noelting, Braun, and Thesmar (Ber., 1901, 34, 2244). A further 
quantity (0-2 gram) of the base, m. p. 110—113°, and finally a 
mall quantity of oily material, which only slowly solidified, were 
obtained from the solution. The isomeric base crystallises in 
needles, but no sign of these was observed. 


Reduction of the Dinitrotoluenes by Stannous Chloride and 
Hydrochloric Acid. 


2: 3-Dinitrotoluene—When a solution of stannous chloride (21-5 
fams) in absolute alcohol (107 ¢.c.), previously saturated with 
ity hydrogen chloride, was added to a suspension of 2 : 3-dinitro- 
toluene (5 grams) in alcohol (40 c.c.) at 7°, complete solution at 
ee occurred. After twelve hours, alcohol (120 c.c.) was removed 
by distillation, and the residue poured into water. The precipitate 
% extracted with concentrated hydrochloric acid in order to 
‘parate unreduced nitro-compound (1-3 grams) from nitroamine 
13 grams), m. p. 90—105°, which was recovered from solution 
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by precipitation with ammonia. The original acid liquor yielded 
a further quantity (1-4 grams) on extraction with ether, and in 
addition a small amount of diamino-compound, weighed as hydn. 


chloride (0-8 gram), after treatment with excess of alkali. A mixtur The 
of the crude nitroamine with 3-nitro-o-toluidine melted at 170° with 
The crude base was purified by crystallisation from a mixture o ligh 
light petroleum and benzene, from which it separated in deep red elim 
prisms, m. p. 107—108°. The same product, when first obtained "8 
by reduction under somewhat different conditions (Kenner ani 4 
Parkin, Joc. cit.), was mistaken for an azo-compound, since a produet by @ 
obtained by Limpricht (/oc. cit.) had been considered to be 2-nitro. ak 
m-toluidine (Noelting and Stoecklin, loc. cit.), and is described a .: 
forming pale yellow needles, m. p. 53°. There can be little doubt,” § 
however, that this constitution must be assigned to the compound jy @™ 
now described, since, in addition to its basic properties, evidenced with 
by its method of isolation, it at once reacts with acetyl chloride - 
and acetic anhydride and the analysis previously communicated (35 
is in better agreement with this view. 2-Nitroaceto-m-toluididy °™ 
separates from a mixture of light petroleum and benzene in trans. ane 
parent prisms, m. p. 126°. ud’, 

The constitution of 2-nitro-m-toluidine was also determined by depre 
its synthesis from 3-chloro-2-nitrotoluene. This compound was In 
obtained from 2: 4-dinitrotoluene according to the directions d havi 
Brand and Zéller (Ber., 1907, 40, 3333), with the modification that whiel 
the preparation of 2-nitro-4-hydroxylaminotoluene was carried out Britis 
by means of zinc dust and ammonium chloride, as prescribed by Resea 
Bamberger and Baudisch in the case of p-chlorophenylhydroxy!: see 
amine (Ber., 1909, 42, 3581). The melting points of the hydroxyl: 
amino-compound and of 3-chloro-2-nitro-p-toluidine were respec] TH 
tively observed as 106° and 67—68°, in place of 99° and 63° quoted 
by Brand and Zoller. 

3-Chloro-2-nitrotoluene (2 grams) was heated with concentrate 
ammonia solution (3 grams; D 0-880) at 200° for eight hour 
The desired base was separated from unchanged material by extra 
tion with concentrated hydrochloric acid, and reprecipitated wil CXI 
ammonia. After crystallisation from light petroleum, it melt ( 
at 106°, and caused no depression in melting point of the bas 
obtained from 2 : 3-dinitrotoluene. ( 

3 : 4-Dinitrotoluene—A suspension of the dinitro-compound (I! 
grams) in alcohol (80 c.c.) was treated with a solution of stanno’ 
chloride (36 grams) in absolute alcohol (180 c.c.) previously saturated w 
with dry hydrogen chloride. The mixture was worked up th wel 
manner already described for 2 :3-dinitrotoluene, and yielde , ae 


unchanged dinitro-compound (5-8 grams), diamine hydrochlorié 
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(05 gram), and crude nitroamine (3-5 grams), f. p. 50°. Since 
the eutectic point for a mixture of 4-nitro-m-toluidine and 3-nitro- 
p-toluidine is 70°, it was evident that some impurity was present. 
The base was therefore purified by washing its solution in ether 
with dilute sodium hydroxide solution, and finally by solution in 
light petroleum, a certain amount of tarry material being thus 
ciminated. The base thus obtained showed f. p. 70°, correspond- 
ing with a mixture of the two isomerides containing 48 per cent. 
of 4-nitro-m-toluidine. The melting point was considerably raised 
by admixture with an approximately equal quantity of either of 
the two isomerides. 

2:5-Dinitrotoluene—A suspension of the dinitro-compound 
(5 grams) in alcohol (40 c.c.), after treatment with a solution of 
stannous chloride (18 grams) in absolute alcohol (90 c.c.) saturated 
with dry hydrogen chloride, yielded unchanged dinitrotoluene 
(0:5 gram), diamine hydrochloride (0-65 gram), and nitroamine 
(5 grams), f. p. 97°. This corresponds with a mixture of 62 per 
cent. of 5-nitro-o-toluidine with 38 per cent. of 6-nitro-m-toluidine. 
After crystallisation from light petroleum, the melting point was 
110°, and this was raised by addition of 5-nitro-o-toluidine, but 
depressed by addition of 6-nitro-m-toluidine. 


In conclusion, the authors wish to express their thanks to the 
Advisory Council for Scientific and Industrial Research for a grant 
which has enabled one of them to take part in this work, to The 
British Dyestuffs Corporation for supplies of material, and to the 
Research Fund Committee of the Chemical Society for a grant 
towards the expenses of this investigation. 


THe UNIVERSITY, 
SHEFFIELD. [Received, May 24th, 1921.] 


(XIV.—The Influence of Nitro-growps on the Reactivity 
of Substituents in the Benzene Nucleus. Part IV. 
The Condensation of Ethyl 3- and 5-Nitro-2- 
chlorobenzoates with Hydrazines. 


By James Kenner and Ernest WITHAM. 


SOME years ago it was shown that 5: 7-dinitro-3-keto-1 : 3- 
tihydroindazole was obtained as the direct product of the action 
f hydrazine on methyl 2-chloro-3 : 5-dinitrobenzoate, and that 
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even when phenylhydrazine was used the intermediate 2 : 4-dinitro. 
6-carbomethoxyhydrazobenzene was only isolated under certaip 
conditions, and readily underwent internal condensation with 
formation of the ketodihydroindazole derivative (Kenner, T, 
1914, 105, 2732) : 


cl NH-NHPh NH-NPh 
| 
iO as 2s —T a ON Co 
* ra 


be 
No, No, No, 


The last reaction took place so readily that it was not possible to 
obtain definite evidence of the position of the phenyl group in the 
side-chain by oxidation with mercuric oxide or by condensation 
with benzaldehyde. Another product, which was considered to 
be the phenylhydrazide of the above intermediate product, was 
sufficiently stable for such purposes, but did not react with either 
of the reagents named. In the hope of obtaining more definite 
evidence as to the formulz of the compounds in question, it was 
decided to study the behaviour of the esters of 3- and 5-nitro-2- 
chlorobenzoic acids respectively towards hydrazine and its phenyl 
derivative. 

As had been anticipated, the esters in question were much less 
reactive than the corresponding dinitro-derivative, and the pro- 
duct of their interaction with hydrazine was in each case a mixture 
of a nitro-2-carbethoxyphenylhydrazine with the indazole derivative 
resulting from its internal condensation. Similarly, with phenyl- 
hydrazine in each case the phenyl derivatives of these compounds 
were obtained. The intermediate product from ethyl 2-chloro- 
5-nitrobenzoate was easily oxidised by yellow mercuric oxide to 
an azo-compound and was therefore 4-nitro-2-carbethoxyhydrazo- 


benzene : 
NH-NHPh N:NPh 


cl 
Gus oa On = Oui 
No, Xo, 0, 


Further, by treatment with sodium hydroxide, it was converted 
into 5-nitro-3-keto-2-phenyl-1 : 3-dihydroindazole. These reactions 
served to confirm the formule assigned to the compounds pre 
viously described. The failure to oxidise the hydrazobenzene 
derivative of that series was apparently due to steric causes, since 
it was found that the corresponding derivative from ethyl 2-chloro- 
3-nitrobenzoate was also quite stable towards yellow mercuric oxide. 
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: In the previous paper, it was shown that the chloroindazoles 

- Mobtained by treatment of the above-mentioned ketodihydroind- 
woles with phosphoryl chloride at 140° suffered replacement of their 
titro-groups by chlorine atoms when the reaction was carried out 


This reaction did not, however, occur in the case of the chloroind- 
woles derived from ethyl 2-chloro-5-nitrobenzoate. 


EXPERIMENTAL. 


Action of Hydrazine Hydrate on Ethyl 2-Chloro-5-nitrobenzoate. 


A mixture of hydrazine hydrate (12 grams) with a solution of 
thyl- 2-chloro-5-nitrobenzoate (20 grams) in absolute alcohol 
(100 c.c.) was heated on the water-bath. Crystallisation ensued 
iter about twenty minutes, and after a further fifteen minutes 
the mixture was cooled and filtered. 

4.Nitro-2-carbethoxy phenylhydrazine, NO,°C,H,(CO,Et)-NH-NH,g, 
was separated by washing the crystals with hot water until they 
vere free from the purple salt of the accompanying indazole de- 
tivative described below. By crystallisation from alcohol, it was 
obtained in yellow needles, m. p. 172° (Found : N=18-9. C,H,,0,N, 
requires N=18-70 per cent.). 

Its acetyl derivative was immediately produced by the action 
if acetic anhydride, and separated from glacial acetic acid in 
intly green needles, m. p. 191-5° (Found : N=16-15. C,,H,,0;N; 
requires N=15-8 per cent.). 

Benzaldehyde 4-nitro-2-carbethoxyphenylhydrazone forms prismatic 
weedles, m. p. 165—166° (Found : N=13-66. C,,H,,;0,N; requires 
\=13-42 per cent.). 

)-Nitro-3-keto-1 : 3-dihydroindazole, NO, C,H; <Qg->NE, was 
thtained by acidification of the filtrate from the above reaction. 
ltis sparingly soluble in alcohol, and was purified by crystallisation 
from glacial acetic acid, and so obtained in small reddish-brown 
‘ggregates of prisms, m. p. 273° with decomposition (Found : 
Y=23-55. C,H;0,N, requires N=23-47 per cent.). 

Its acetyl derivative was at once obtained by the addition of a 
top of sulphuric acid to a mixture of the compound with acetic 
mhydride. After crystallisation from glacial acetic acid, it formed 

0 o* 
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small, faintly yellow prisms, m. p. 239° (Found: N=19-03, 


C,H,O,N, requires N=19-00 per cent.). 

The monosodium salt, prepared by triturating 5-nitro-3-keto. 
1 : 3-dihydroindazole (2 grams) with 2N-sodium hydroxide solution 
(8 c.c.), separated from the solution on the addition of alcohol 
(5 c.c.) as a dark orange-red, crystalline powder (Found: after 
drying at 130°, Na=11-32, 11-41. C,H,O,N,Na requires Na=11-44 
per cent.). 

5-Amino-3-keto-1 : 3-dihydroindazole was prepared by heating the 
nitro-compound (2 grams) with tin (5 grams) and hydrochloric 
acid (45 c.c.). From the double tin salt, which separated on cool- 
ing, the hydrochloride of the base was isolated in the usual manner 
as colourless needles, m. p. 286° (decomp.), which assumed a slate 
colour on keeping (Found: N=18-63. C,H,ON;,2HCI requires 
N=18-92 per cent.). 


Action of Phenylhydrazine on Ethyl 2-Chloro-5-nitrobenzoate. 


A solution of the ester (15 grams) in alcohol (66 c.c.) was warmed 
on the water-bath with phenylhydrazine (23 grams). After eight 
hours, the mixture began to bump; it was therefore cooled, and 
filtered. A further quantity of material was obtained by renewed 
heating of the liquor. The crude product was washed with hot 
dilute hydrochloric acid to remove phenylhydrazine hydrochloride, 
and crystallised from alcohol. It formed yellow prisms, m. p. 133 
(Found: N=14-16. C,;H,,;0O,N, requires N=13-94 per cent). 
The compound was therefore 4-nitro-2-carbethoxyhydrazobenzene, 
NO,°C,H,(CO,Et)NH-NHPh. In conformity with this formula, 
a solution of the compound (2-9 grams) in alcohol (35 c.c.) was 
rapidly oxidised by yellow mercuric oxide (4 grams). From the 
solution, 4-nitro-2-carbethoxyazobenzene (2-4 grams) was obtained 
in groups of red, hexagonal plates, m. p. 70—71° (Found : N=14-29. 
C,;H,,0,N, requires N=14-05 per cent.). 

5-Nitro-3-keto-2-phenyl-1 : 3-dihydroindazole, 


NOyCpHy<yg>NPh, 


was not produced in the above reaction, but was prepared by boil- 
ing 4-nitro-2-carbethoxyhydrazobenzene (8 grams) with N/2 
sodium hydroxide solution (200 c.c.) for five minutes. The pre- 
cipitate obtained on acidification separated from glacial acetic 
acid in faintly green needles, m. p. 270—273° with decomposition 
(Found: N=16-26. C,,;H,O,N, requires N=16-47 per cent.). 
The monosodium salt, prepared as described in the case of the 
above nitroketodihydroindazole, was obtained as a dark brownish: 
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red, crystalline precipitate (Found : after drying at 130°, Na=7-21, 
Tl. C,3;H,O,N,;Na,C,H,O requires Na=7-12 per cent.). 


bail ‘fe 
3-Chloro-5-nitroindazole, ¢ nl | SNE. 
2" \ 7 *CCl 


This compound was prepared by heating 5-nitro-3-keto-1 : 3- 
dihydroindazole (5 grams) with phosphoryl chloride (35 grams) 
for five hours at 120—130°. The product was isolated in the usual 
way, and crystallised from glacial acetic acid. In this way, faintly 
yellow needles, m. p. 210—211°, were obtained (Found: N=21-39. 
(,H,O,N,Cl requires N=21-37 per cent.). 


' (Ww 
3-Chloro-5-nitro-2-phenylindazole, O.N! | | /NPh. 
2 


\ 7 *CCI 
This compound, prepared in an analogous manner to the pre- 
ceding one, formed small prisms, m. p. 165° (Found: N=15-57. 
(\jH,O,N,Cl requires N=15-35 per cent.). 


NH*NH 


i 
7-Nitro-3-keto-1 : 3-dihydroindazole, ON ‘ Co. 
ha 


A solution of ethyl 2-chloro-3-nitrobenzoate (30 grams) in alcohol 
(500 c.c.) was heated with an aqueous solution (150 c.c.) of hydrazine 
hydrate (30 grams) for three and a half hours on the water-bath. 
Alcohol was then removed by distillation, and the solution diluted 
with water, and acidified after filtration from a very slight residue. 
The yellow product (23 grams) separated from glacial acetic acid 
in copper-coloured plates with a blue reflex, m. p. 290° (decomp.) 
found : N=23-33. C,H,O,N, requires N=23-46 per cent.). 

The acetyl derivative forms brown needles, m. p. 196—197°. 

The monosodium salt was obtained in the usual manner (Found : 
after drying at 140°, Na=11-55. C,H,0,N,Na requires Na=11-55 
per cent.). 


Action of Phenylhydrazine on Ethyl 2-Chloro-3-nitrobenzoate. 


The ester (4:5 grams) was heated at 100° with phenylhydrazine 
grams) and alcohol (20 c.c.) for thirty hours, after which the 
‘leohol was removed by evaporation. The residue, after treat- 
ent with dilute sodium hydroxide solution, was extracted. The 


0 oF 2 
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extract, after being washed with dilute hydrochloric acid to remoy 
phenylhydrazine, on evaporation yielded a mass of crystals (14 
grams), which was purified by crystallisation. 
2-Nitro-6-carbethoxyhydrazobenzene, NO,°C,H,(CO,Et)-NH-NHPh, 
prepared in this manner, forms clusters of greenish-yellow needles 
m. p. 119° (Found: N=14-45. C,;H,,0,N, requires N=14-05 pe 
cent.). It was recovered unchanged after boiling in alcoholic 
solution with yellow mercuric oxide for twelve hours; there was 
no development of colour in the solution, and the oxide showed 
no signs of blackening. 
_ -Nitro-3-keto-2-phenyl-1 : 3-dihydroindazole, 


NOy:CgH <A >NPh 


(3-5 grams), was precipitated on acidification of the sodium hydr. 
oxide solution referred to above, and obtained in minute, greenish. 
yellow prisms, m. p. 185°, by crystallisation (Found: N=16l2 
C,3;H,O,N, requires N=16-47 per cent.). 

The monosodium salt gives a purple solution, and has a notice. 
able tendency to sublime at 140° (Found: after drying at 140’, 
Na=7-47. C,,H,0O,N,Na,C,H,O requires Na=7-12 per cent.). 


The authors have pleasure in expressing grateful acknowledg. 
ment of a grant from the Research Fund of the Chemical Society 
towards the expenses of this investigation. 
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CXV.—Researches on Residual Affinity and Cv 
ordination. Part V. Gallium Acetylacetone and 
its Analogues. 


By Gitpert T. Morean anp Harry Ducearp Kerr Drev. 


Tue third vertical series of the periodic classification of the elements 
furnishes an example of two related natural families, the respectivt 
members of which show a marked tendency to yield acetylacetot 
derivatives. Apart from a few acetylacetones of the least comm 
of the rare-earth metals, the only missing member of the series § 
gallium acetylacetone, which is now described in the present coll 
munication. 

The starting-point in this research was 0-12 gram of metalle 
gallium, originally prepared by Lecoq de Boisbaudran and pr 
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snted by him to Sir Walter Hartley and Dr. J. H. Pollok. On the 
death of the latter, this precious metal ,passed into the possession 
of one of us (G. T. M.) and was employed in our earlier experiments, 
which, however, were much restricted in scope by the small amount 
of material available. At this stage 2 grams of gallium hydroxide 
were generously placed at our disposal by Professor C. James, to 
whom our best thanks are due. 

A comparative study showed that the French and American 
samples gave rise to identically the same acetylacetone derivative, 
so that with the larger specimen we were able to confirm the results 
obtained with the smaller. 

Gallium acetylacetone is most conveniently prepared by the 
action of acetylacetone on freshly precipitated gallium hydroxide, 
amethod which is also quite efficacious in the production of alu- 
ninium and indium acetylacetones. The yields in the three cases 
are practically quantitative. 

The following tabulation summarises the data obtained by a 
comparative study of the acetylacetones of these closely allied 
metals. 


Acetylacetones of 


Indium, 
In(C;H,O.)s 


Gallium, 
Ga(C;H,O,), 


Aluminium, 
Properties. Al(C;H,O,)s 
Molecular weight 
(1) calculated 


(2) determined 


324 367 


(i) eryoscopically 
(ii) ebullioscopi- 
cally 

All sublime at 140° 
under 10 mm. 
pressure 

Melting point 

Reaction with 
aquo - alcoholic 
ferric chloride 


Crystalline form 


323 


333 


Very slight resi- 
due 


192—194° 
Very slow de- 
velopment of 
red coloration 


Monoclinic 


342 


353 
Slight residue 


194—-195° 


More rapid de- 
velopment of 
red coloration 


Dimorphous 


Considerable 
residue 


186—187° 
Most rapid de- 

velopment of 

coloration 


Dimorphous 


a-Form monoclinic, 8-Form orthorhom- 


isomorphous 
with the Al 
compound. 

B-Form ortho- 
rhombic, _iso- 
morphous with 
the f-form of 
the In com- 
pound. 


bic, like the 
B-form of the 
Ga compound. 

7-Form  ortho- 
rhombic, but 
quite different 
from the _ B- 
form. 


These data show that in solution the three compounds have the 


general molecular formula RAc,, (compare Chabrié and Rengade, 
Compt. rend., 1900, 131, 1300; 1901, 132, 472). 
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The three metallic acetylacetones are not equally stable an 
resistant to chemical reagents, as is shown by their behaviour jy 
an exhausted sublimation chamber and by the speed of reaction 
with ferric chloride. In addition to the foregoing properties 
gallium acetylacetone justifies its position between the acety| 
acetones of aluminium and indium by a manifestation of dimorph. 
ism. In one of these forms it is monoclinic and isomorphous with 
aluminium acetylacetone. In the other form, it is orthorhombic 
and isomorphous with one of two orthorhombic forms of indiuy 
acetylacetone. 

With the completion of this series of metallic acetylacetones 
derived from the elements of the boron—aluminium family, it 
becomes of interest to note the gradual change of constitution and 
properties as the third periodic series of elements is ascended from 
boron to thallium, Ac being the univalent chelate complex. 

~ C(CH,)-O— 
Ke = CH<C(CH:0 
a AlAc, GaAc, _ InAc, TlAc 
[BAc,]Cl ScAc, YAc, Pr,Ac, 

In these acetylacetone derivatives, all the elements except the first 
and the last have a co-ordination number 6. With boron, this 
number is 4, whereas with univalent thallium it has fallen to 2. 
Thallous acetylacetone, however, shows signs of unsaturation, 
indicated by the formation of an additive compound with carbon 
disulphide (Kurowski, Ber., 1900, 43, 1079). The complete satura. 
tion of the principal and supplementary valencies is manifested in 
the cases of aluminium, gallium, and indium by the monomeric 
molecular weight of the acetylacetones and by the absence of 
ammonia additive products of these compounds. This saturation 
of the chemical affinity is also shown with the rare-earth metals of 
low atomic weight. Scandium and yttrium acetylacetones have 
the simple molecular formula in organic solvents, and do not 
furnish additive compounds with ammonia (T., 1914, 105, 189). 
In the main group of rare-earth metals, however, the acetylacetones 
exhibit twofold association in organic solvents and give rise t0 
additive compounds with ammonia and organic amines. 


EXPERIMENTAL. 


Preparation of the Acetylacetones of the Gallium Group. 


1. Of the anhydrous chlorides of aluminium, gallium, and indium, 
only the first interacted with acetylacetone in chloroform solutiot, 
giving a quantitative yield of aluminium acetylacetone (m. p. 191— 
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93°). The negative result with the other two compounds may, 
jowever, be due to the decreasing solubility of the chlorides in this 
wlvent as the atomic weight increases. 

9 Interaction of acetylacetone and the precipitated hydroxides 
if these three metals proceeded very slowly, and the yields were 
unfavourable. 

3. The optimum result was obtained by refluxing an aqueous 
«lution of the metallic nitrate with a slight excess of acetylacetone, 
ammonia being added little by little so that the nascent metallic 
hydroxide was attacked forthwith by the organic reagent. In this 
way aluminium acetylacetone was obtained quite pure and in 
quantitative yield, so that the process affords a gravimetric method 
ifestimating aluminium. 

The metallic gallium employed in the earlier experiments was 
prepared by Lecoq de Boisbaudran from a Pyrenean source; - it 
nelted within the limits 30—35°, but it has since been shown that 
an accurate determination of the melting point of gallium cannot 
be obtained with small quantities of the metal. Richards and 
Boyer, who used 10 grams of the metal, found its melting point to 
be 29-75° (J. Amer. Chem. Soc., 1920, 43, 274). 

The Pyrenean gallium was warmed in a stream of dry chlorine; 
the colourless gallium trichloride, which was easily fusible and 
vaporisable, was heated in a current of dry carbon dioxide to remove 
excess of the halogen. The trichloride was employed unsuccess- 
fully with acetylacetone in chloroform solution and was recovered as 
the nitrate (after evaporation) from the syrupy residue by heating 
with concentrated nitric acid, the excess of acid being removed by 
warm, dry air. 

The crystalline nitrate, dissolved in water and neutralised with 
ammonia until a faint turbidity appeared, was refluxed with 0-9 
gam of acetylacetone, dilute ammonia (1 c.c. of strong ammonia : 
0 cc. of water) being slowly added. Each drop produced a 
turbidity which disappeared immediately, and was replaced by a 
aystalline precipitate of gallium acetylacetone. After cessation 
of the turbidity, the solution was heated for thirty minutes at 
100° and then cooled. The product, after crystallisation from 
benzene, melted at 192—193° (yield about 70 per cent. of the 
calculated amount). 

The foregoing preparation was repeated on 0-42 gram of gallium 
hydroxide of American origin, and 1-16 grams of gallium acetyl- 
acetone were obtained, or 91 per cent. of the theory. Another 
experiment gave a 93 per cent. yield. 

After crystallisation from acetone, the product melted sharply 
at 194°, and a mixed melting point with the sample of French origin 
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gave 192—194°. The recrystallised product was analysed (Found: 
C=49-08; H=6-00; Ga=18-86. C,,H,,0,Ga requires C=49.(). 
H=5-77; Ga=19-08 per cent.). 

The gallium oxide recovered from these estimations was a pur 
white powder insoluble in hot, concentrated nitric acid; its solu. 
bility was regained by fusion with pure potassium hydroge: 
sulphate. 


f C(CH,)—O~w, | ZC(CH;)—On, | 
[{HC<picrs}=o>}*] | {B°<G(cH’}=0> 0] 


L) (I) | 


Gallium acetylacetone (1), which was almost insoluble in water and 
slightly soluble in cold ether or alcohol, dissolved readily in chlor. 
form or acetone, separating from the former in colourless, acicular 
forms, and from the latter in transparent, tabular crystals. It was 
readily soluble in cold benzene. The purest specimen, obtained by 
crystallisation from acetone and subsequent sublimation at 170° 
under reduced pressure, melted at 194—195°. The sublimation of 
gallium acetylacetone, even under 10 mm. pressure, was accom- 
panied by a slight decomposition, and it was not found possible to 
determine its vapour density by Victor Meyer’s method. The 
molecular weight was, however, determined cryoscopically in 
Kahlbaum’s pure benzene. The numbers obtained for concentra- 
tions varying from 2-15 to 2-77 grams per 100 grams of solvent 
were: specimen from French gallium, M=340; from American 
gallium, M=343, 344, 337, 346. Ebullioscopic determinations in 
the same solvent gave, for the sample from American gallium, 
M=353. GaAc, requires M=367. Measurable crystals of the 
two forms («- and 8-) of gallium acetylacetone were obtained 
by crystallisation from acetone. From cold chloroform, the 
compound separated in transparent needles, which rapidly fell to 
powder. 

Indium Acetylacetone (II).—Metallic indium (Kahlbaum’s pre- 
paration) was dissolved in strong nitric acid, the solution con- 
centrated, and the crystalline nitrate dissolved in water and treated 
with acetylacetone and ammonia as in the case of the gallium 
compound. The freshly-prepared indium compound consisted of 
large, colourless crystals, which fell to powder when removed from 
the aqueous mother-liquor. On crystallisation from cold acetone, 
indium acetylacetone separated at first in colourless needles, which 
fell to powder on keeping; it melted sharply at 186°, sublimed under 
reduced pressure, but left a considerable residue. It was readily 
soluble in benzene, but only moderately soluble in alcohol, and 
almost insoluble in water. The sublimed product melted at 186— 
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187°, but on account of its imperfect volatility the vapour density 
of indium acetylacetone could not be determined by Victor Meyer’s 
method. Its molecular weight was, however, obtained in benzene 
solution. 

The cryoscopic method (w/W=1-6/100) gave M=404 and the 
cbullioscopic process (w/W=3-2/100) indicated M=414. InAc, 
requires M=412. Measurable crystals of indium acetylacetone 
yere obtained by slow crystallisation from warm acetone. 


Aluminium acetylacetone, prepared from aluminium nitrate, 
vas compared with its gallium and indium analogues. When 
sublimed, it left only a very slight residue; its vapour density by 
Victor Meyer's method approximated to a molecular weight of 
300. The eryoscopic and ebullioscopic determinations gave M=323 
and 333 respectively; AlAc, requires M=324. 

The three acetylacetones, when taken in pairs, gave the following 
nixed melting points, which show comparatively slight depression : 


AlAc,—GaAcg AlAc,—InAcg GaAc,—InAcg 
189—192° 178—180° 183—184° 


Aluminium acetylacetone separated from chloroform in massive, 
colourless crystals, which fell to powder on keeping in the air. 


Amore permanent preparation, employed in the following crystallo- 
graphic measurements, was obtained by crystallisation from acetone. 


Report on the Crystallographic Characteristics of the Acetylacetone 
Derivatives of Aluminium, Gallium, Indium, Scandium, and Iron. 


The following report has been contributed by Mr. T. V. Barker, 
who kindly undertook the crystallographic examination of some 
of our preparations. 

The acetylacetones of aluminium and iron have been previously 
described by von Lang (Sitzwngsber. Akad. Wiss. Wien, 1899 
(Math.-Phys. Klasse}, 108, 1166), whose results failed to reveal 
any close similarity, for the first compound crystallises in the mono- 
clinic, and the second in the orthorhombic system. Later researches 
by Jaeger (Rec. trav. chim., 1914, 33, 388) on the scandium and 
indium derivatives showed that they are isomorphous with the 
iton compound described by von Lang. The present investigation 
has led to the interesting result that both the gallium and indium 
compounds are dimorphous, and that the whole series of five com- 
pounds are really closely related to each other, since they collectively 
present a case of isotrimorphism. This relationship can be best 
described in the form of a table. 
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Table of Crystallographic Elements of the Tervalent Metallic 
Acetylacetones. 


(1) Aluminium ; monoclinic, a: b: c=1-901 : 1: 1-111, B=98° 54’ \ Isomor. 
(2) Gallium (a-form); monoclinic, a : b : c=1-834: 1: 1-069, B=99° 12’ phous 
(3) Gallium (8-form); orthorhombic, a: b : c=0-6314: 1: 1-253) 
(4) Indium (f§-form); orthorhombic, a: 6 : c=0-6168: 1: 1-291 J 
(5) Indium (y-form : Jaeger); orthorhombic, a: b : c=0-5593: 1:? 

(6) Scandium (y-form : Jaeger); orthorhombic, a: b : c=0-5621: 1:7? 
(7) Iron (y-form : von Lang); orthorhombic, a : b : c=0-5689 : 1 : 1-222 


- Isomorphous 


| Isomor. 
| phous 


It must here be added that indium acetylacetone crystallises jn 
a third, unstable modification as fine needles, which, unfortunately, 
are not suitable for a full crystallographic investigation ; but since 
they exhibit oblique extinction, they can scarcely be isomorphous 
with aluminium acetylacetone. 

In view of the possibility that the molecular configuration of this 
series of compounds is of an enantiomorphous nature, it is at least 
conceivable that the appearance of gallium and indium acetyl. 
acetones in more than one form is due to an alternative separation 
in optically active and racemic forms; but as no hemihedral facets 
have been observed, no mechanical separation was _ possible. 
Attempts to grow individual crystals sufficiently large for a polari- 
metric examination are now in progress. 

Aluminium Acetylacetone—The crystals previously examined 
by von Lang were of the general habit shown in Fig. 1 in % 
far as the forms a{100}, c{001}, and m{110} are concerned. On 
one occasion he also observed two additional facets, to which he 
allotted the indices (101) and (301), but the reflections were so poor 
that he was not satisfied that they correspond with real faces 
The crystals sent to Oxford for examination generally exhibited 
the simple combination a, c, and m, but a face r(101) was observed 
on three crystals. The values for the angle a’r=(100 : 101) were 
respectively 65° 55’, 66° 36’, and 66° 46’. If the mean value 66° 26 
be adopted in lieu of von Lang’s questionable single value 62° 24, 
the crystal elements become a:b :c=1-901:1: 1-111, B=98° 5. 
These values present a very close approximation to those of the 
isomorphous gallium derivative of acetylacetone. 

Gallium Acetylacetone—Two crops of this substance, in addition 
to one or two isolated crystals, were received for examination. 
One crop wholly consisted of orthorhombic crystals; the other 
was a mixture of the monoclinic and orthorhombic forms, whith 
could be picked apart after a little practice. The two forms have 
the same faintly yellow colour and are occasionally so similar 
to be almost indistinguishable, except by measurement. 

The monoclinic form generally only presents the simple combina- 
tion a{100}, m{110}, and c{001}, but two crystals were fortunately 
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fund, one exhibiting the additional forms r{101} and q{021} 
down in Fig. 1, whilst the other exhibited r without g. The 
aystalelements are a: b :c=1-834: 1: 1-069, B=99°12’. Follow- 
ing are the results obtained by adjusting the most highly developed 
wir of crystals about the zone ac : 


m(110) a(100) (001) q(021) = r(101) 
Azimuth (¢) 0° 0’ 0° 0’ *80° 48’ 80° 48’ *113° 12’ 
Polar distance (p) *2855 90 0 90 0 25 15(+6) 90 0 

There is no marked cleavage. The optical properties are in 
acordance with monoclinic symmetry. 

The orthorhombic form generally presents the simple combination 
100}, m{110}, and 6{010!, but one crystal (of the general habit 
shown in Fig. 2, devoid of 7) was observed, with the additional 
form g{011!. The mean results obtained from two crystals were : 


Aluminium and gallium acetylacetones Gallium and indium acetylacetones 
(monoclinic). (orthorhombic) 


lm=57° 44’, mm=64° 32’, cg=51° 24’; whence a:b: c=0-6314:1: 
1253. There is a perfect basal cleavage, normal to which is the 
negative acute bisectrix. The axial plane is }(010) with a wide 
angle and p<v. The birefringence is very strong. 

Indium Acetylacetone—The faint brownish-yellow crystals of this 
substance proved to be simple combinations of c{001}, m{110}, 
and 5/010}, on the general lines of Fig. 2, but devoid of q/011} 
aid r/101}. A single facet r(101) was, however, fortunately 
observed on one crystal, so that a complete set of crystal elements 
could be deduced. The mean results obtained from three crystals 
were: bm=58° 20’, mm=63° 19’, cr=64° 28’; whence a:b: c= 
06168: 1:1-291. There is a fair cleavage parallel to the basal 
plane, and the optical properties are in every way similar to those 
of the orthorhombic form of gallium acetylacetone, with which it 
is obviously isomorphous. It must be mentioned that this modi- 
fication is not identical with that observed by Jaeger, either in 
angles, cleavage, or optical properties. 
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As mentioned previously, the third ‘“‘ unstable form ” of indiup 
acetylacetone was not suitable for a goniometrical examination. 


The authors desire to express their thanks to the Department 
of Scientific and Industrial Research for grants which have partly 
defrayed the expense of this investigation. 

THe CHEemMIcAL DEPARTMENT, 


THe UNIVERSITY OF BIRMINGHAM, 
EDGBASTON. [Received, May 21st, 1921.} 


CXVI.—Researches on Residual Affinity and (Oo. 
ordination. Part VI. Selenodithionic Acid and 
its Metallic Salts. 


By Grpert T. Morean and J. D. Marin Smrru. 


In an earlier communication (T., 1920, 117, 1461) it was show 
that selenium acetylacetone reacted quantitatively with sodium or 
potassium hydrogen sulphite, giving rise to acetylacetone and the 
corresponding alkali selenodithionate : 


[C,H,0,:Se], +4R’HSO,=2C,H,0,+2Se(SO,R’).. 


This reaction has been extended to the production of other metallic 
selenodithionates, and the lithium, rubidium, cesium, and ammonium 
salts have now been prepared in a state of purity. The isolation 
of barium selenodithionate shows that the reaction is also applicable 
to the case of the metals of the alkaline earths. With sulphurows 
acid and selenium acetylacetone a similar double decomposition 
occurs, with the production of selenodithionic acid : 


[C,H,0,:Se],+4H,SO,=2C;H,0,+2Se(S0,H)». 


This acid has not been obtained in a concentrated form, for, when 
its aqueous solution is evaporated at the ordinary temperature 
under reduced pressure, red selenium separates when a strength 
of approximately 50 per cent. (or 8N-) is reached. At higher 
concentrations, the aqueous solution deposits selenium and evolves 
sulphur dioxide, even at 0°. On treatment with aqueous thallous 
hydroxide, selenodithionic acid yields thallous selenide and 
sulphuric acid : 


Se(SO,H),+2TIOH =TI,Se+2H,SQ,. 
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EXPERIMENTAL. 


By a modification of the method formerly employed (loc. cit.) 
glenium acetylacetone was produced in considerably better yield, 
vith a ready recovery of the by-product, chloroacetylacetone, in 
the form of its copper derivative. 

Acetylacetone (4 mols.), dissolved in its own weight of anhydrous 
ether, was added slowly to finely divided selenium tetrachloride 
@ mols.) suspended in an equal weight of ether. Considerable 
heat was generated and the mixture was maintained at about 0° by 
aternal cooling. The tetrachloride dissolved to an intensely red 
wlution, evolving hydrogen chloride; the ether was then evaporated 
ina rapid stream of air, which passed through a series of wash 
bottles charged with an aqueous solution of copper and sodium 
uetates, from which pale green copper chloroacetylacetone 
eparated (yield 75 per cent. of the calculated quantity). The 
rsidue, after removing the volatile solvent, consisted of pale 
yellow, crude selenium acetylacetone, which was purified by extrac- 
tion with dry benzene in a Soxhlet apparatus (yield 87 per cent.). 
In this preparation ether may be replaced by cheaper benzene, but 
the evaporation takes considerably longer. An attempt to inhibit 
the formation of chloroacetylacetone as a by-product by the addition 
of elemental selenium to the tetrachloride was not successful, 94 
per cent. of the free element being recovered. 

Lithium selenodithionate, Se(SO,Li),,3H,O, an extremely soluble 
alt, was produced by adding seven grams of finely divided selenium 
aetylacetone to 5°2 grams of lithium sulphite, Li,SO,,2H,O, in 
{i c.c. of 2N-sulphurous acid. The mixture was shaken mechani- 
cally for one hour, selenium acetylacetone disappeared, the liquid 
was extracted repeatedly with ether to remove acetylacetone, and 
altered lithium sulphite was precipitated by adding absolute 
ileohol (1 vol.) to the aqueous layer. The filtrate was then con- 
centrated under reduced pressure, a precipitate of red selenium 
vas formed during evaporation, and the final mother-liquor, after 
being filtered through a layer of French chalk, was evaporated to 
dryness over sulphuric acid in a vacuum desiccator. This lithium 
ult separated in colourless, hexagonal plates, which rapidly 
deliquesced in air and decomposed subsequently with liberation of 
td selenium (Found: Se=25°55; Li=4°56. Li,S,Se0,,3H,O 
requires Se=25°78; Li=4°56 per cent.). 

Sodium selenodithionate tetrahydrate, Se(SO,Na),,4H,O, was pre- 
pared by adding 7 grams of selenium acetylacetone to 9 grams of 
sodium hydrogen sulphite in 30 c.c. of water. The liquid, which 
beeame appreciably hot, was cooled externally, and after thirty 
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seconds the selenium acetylacetone had entirely disappeared, 
becoming replaced by a heavy, colourless, crystalline precipitate 
of the sodium salt. This product was dissolved in cold water 
and the filtered solution treated with alcohol, when the purified 
salt separated in colourless, prismatic needles (yield 80 per 
cent.) (Found: Se=21°80; Na=13:1; SO,=17°'7; H,O=205, 
Na,S,Se0,,4H,O requires Se=22:1; Na=12°9; S0O,=174; 
H,O=20°2 per cent.). This hydrated salt, which was extremely 
soluble in cold water, very readily formed supersaturated solutions; 
it effloresced rapidly and passed into the anhydrous salt, Se(SO,Na),, 
when exposed to a dry atmosphere. 

Potassium selenodithionate (loc. cit.), the least soluble of the 
alkali selenodithionates, was obtained by neutralising a 2N-solution 
of selenodithionic acid and precipitating with alcohol. 

Rubidium Selenodithionate, Se(SO,Rb)..—Selenium acetylacetone 
(1°8 grams) was shaken mechanically for twenty minutes with 3% 
grams of rubidium hydrogen sulphite (page 1069) in 10 c.c. of 
water, when the rubidium salt separated in small, colourless needles. 
This product was dissolved in cold water and _ reprecipitated 
by alcohol (yield 76 per cent.) (Found: Se=19'3; Rb=41°%; 
SO,=15'4. Rb,S,SeO, requires Se=19°3; Rb=41'7; SO,=15% 
per cent.). 

Rubidium selenodithionate, which was obtained in well-defined, 
colourless prisms, was more soluble in water than the potassium 
salt, but less so than the sodium and cesium salts. 

Cesium selenodithionate, Se(SO,Cs),, prepared by the interaction 
of selenium acetylacetone and cesium hydrogen sulphite as in the 
preceding preparation, crystallised from hot, dilute alcohol in 
colourless, filamentous needles (yield 87 per cent.) and from water 
in transparent, tabular prisms [Found: Se=15°9; Cs=52%; 
SO,=12°4; SO, (from residue on heating)=19°0. Cs,S,Se0, requires 
Se=15°6; Cs=52°7; SO,=12°7; SO,=19°0 per cent.]. This 
cesium salt has greater capacity for crystallising than any other 
alkali selenodithionate. 

Ammonium selenodithionate, Se(SO;NH,),, prepared by double 
decomposition between selenium acetylacetone and ammonium 
hydrogen sulphite, was a somewhat unstable salt; it separated at 
first as a mass of colourless needles (yield 84 per cent.), which 
rapidly reddened on exposure to air (Found : Se=28-4; NH,=12%. 
(NH,).S,SeO, requires Se=28°8; NH,=13-1 per cent.). On 
reprecipitating dissolved ammonium selenodithionate with alcohol: 
ether, colourless needles were obtained, which soon assumed 4 


fawn colour. 
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aetone (7 grams) was shaken mechanically with 9 grams of barium 
alphite suspended in 26 c.c. of 3°3N-sulphurous acid. After seven 
jours, the organic compound was replaced by a heavy, colourless, 
aystalline precipitate of the barium salt. When redissolved in 
yater and precipitated by alcohol, barium  selenodithionate 
eparated in colourless needles, which reddened on prolonged 
exposure (yield 70 per cent.) (Found: Se=191; Ba=33'l; 
80,=15°7 ; SO, (from residue) =23°2; H,O=8°9. BaS,SeO,,2H,O 
requires Se=19'2; Ba=33°3; SO,=15°5; SO,=23°3; H,O=87 
per cent. ). 

Attempts to prepare the corresponding calcium salt showed that 
this compound was extremely soluble in water or alcohol and was 
not precipitated by ether from either of these solutions. 

In the course of the foregoing preparations the following salts 
were characterised. 

Rubidium hydrogen sulphite, RbHSO,, obtained by passing 
sulphur dioxide into a solution of rubidium carbonate until a pale 
green tint was assumed, was precipitated by alcohol as a voluminous, 
vhite precipitate, which separated in colourless prisms (yield 80 
pr cent.). This salt, which was readily soluble in water, gave 
aid reactions with litmus and phenolphthalein, but was neutral 
to methyl-orange (Found: Rb=51'°5; SO,H=48°5. RbHSO, 
requires Rb=51'4; SO,H=48°7 per cent.). When gradually 
heated to redness, dry rubidium hydrogen sulphite evolved water, 
sulphur, and sulphur dioxide, leaving a residue of rubidium sulphate. 

Rubidium Sulphite—(a) Alcoholate. A solution of rubidium 
carbonate was divided into two equal portions; one portion was 
treated with sulphur dioxide and the hydrogen sulphite precipitated 
byaleohol. The hydrogen sulphite was added to the other portion 
of rubidium carbonate solution, carbon dioxide was eliminated 
by heating, and a large excess of absolute alcohol added to the 
tooled solution. A heavy, oily, milky liquid was precipitated, 
vhich in a freezing mixture slowly set to a colourless, crystalline 
mass. The product was washed with a mixture of alcohol and 
ther and dried over calcium chloride (Found: Rb=62°0; 
GH;OH=8-7. 2Rb,SO,,C,H;*OH requires Rb=62°4; C,H,-OH= 
84 per cent.). The alcoholate readily gave up its alcohol on 
heating, and was freely soluble in water. 

(b) Anhydrous Salt—The alcoholate was dissolved in just 
‘uiicient water for solution, and evaporated by boiling under 
teduced pressure until a white, crystalline powder was deposited 
(Found : after drying on porous tile over sulphuric acid, Rb=68°3 ; 
80,=25°9. Rb, SO, requires Rb=68'1; SO,—25°5 per cent.). 

Anhydrous rubidium sulphite consisted of small, colourless, 
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prismatic tablets, extremely soluble in water and aqueous alcohol, 
reacted strongly alkaline to litmus, evolved sulphur dioxide with 
dilute mineral acids, and on ignition gave a residue of rubidium 
sulphate and sulphide. 


Reactions of Selenodithionates. 


Silver nitrate Brownish-black precipitate. 
| Mercurous nitrate Greenish-black precipitate. 
| Mercuric chloride Yellow precipitate, becoming orange, 
then buff, and turning black on boiling 
Stannous chloride Becomes slowly milky, then pale yellow 
precipitate formed, becoming orange. 
yellow and turning orange-red on 
boiling. 
Hydrogen peroxide Red selenium precipitated on boiling. 
Sodium hyposulphite Red selenium precipitated in the cold. 
KMn0O,+2N-H,SO, Decolorised, then turns yellow, then 
green, and bronze-green precipitate 
formed. 
Hydrogen sulphide Yellow precipitate, turning orange-red on 
boiling. 
2N-HCl and 2N-HNO, Red selenium separates on boiling. 
4N-H,SO, or weaker No reaction even on boiling. 


Solutions 
of 


The authors desire to express their thanks to the Department 
of Scientific and Industrial Research for grants which have partly 
defrayed the expense of this investigation. 
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CXVII.—Diazo-derivatives of 4'-Amino-1-phenyl-\- 
methylbenzothiazole (Dehydrothio-p-toluidine). 


By Girspert T. Morcan and DorotHy WEBSTER. 


Tue stereochemical theory of diazo-compounds advocated by 
Hantzsch and accepted generally by workers in this field of organic 
chemistry is based on the existence in two isomeric forms of the 
aromatic diazo-cyanides, diazosulphonates, and diazo-oxides. 

Of these two series, the more stable anti-diazo-compounds have 
frequently been prepared in a state of purity, so that their existence 
has been demonstrated by many analyses. The labile syn-diaz0- 
compounds, on the other hand, are much less readily isolated, ané 
analytical data in support of their existence as definite chemical 
entities are not always obtainable. 
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It should, however, be possible, by the selection of a base giving 
rise to exceptionally stable diazo-compounds, to obtain more decisive 
aalytical evidence for or against the existence of the syn-diazo- 
gries. 4’-Amino-1-phenyl-5- methylbenzothiazole (dehydrothio-p- 
toluidine) was shown by its discoverer to give rise to a diazo-chloride 
shich is quite stable in solution at the ordinary temperature (A. G. 
Green, T., 1889, 55, 227). It therefore seemed likely that this 
thiazole base would furnish other stable diazo-derivatives.* 

When suspended in absolute alcohol and diazotised with ethyl 
itrite, 4’-amino-1-phenyl-5-methyibenzothiazole hydrochloride 
yields two isomeric compounds, an insoluble diazo- chloride and a 
wluble one precipitated on the addition of ether. These products 
have properties resembling those of the syn- and anti-diazocyanides 
derived from simpler aromatic amines. 

The soluble syn-1-phenyl-5-methylbenzothiazole-4’-diazochloride, 
which decomposes at a much lower temperature than its isomeride, 
dissolves readily in water, couples immediately with alkaline 
jnaphthol, and evolves nitrogen on treatment with copper bronze, 
giving rise to 4’-chloro-1-phenyl-5-methylbenzothiazole. 

The anti-1-phenyl-5-methylbenzothiazole-4’ -diazochloride is insoluble 
in water or alcohol, does not couple with alkaline $-naphthol, and 
reacts very slowly with copper bronze. 

Ice-cold solutions of the syn-diazo-chloride, when treated with 
ikaline sodium sulphite, yield sodium syn-1-phenyl-5-methylbenzo- 
thiazole-4’-diazosulphonate, a compound coupling with $-naphthol, 
whereas at the ordinary temperature (about 20°) the isomeric, 
non-coupling sodium anti-1-phényl-5-methylbenzothiazole-4’ -diazo- 
sulphonate is obtained. 

Similar experimental conditions lead to the formation of syn- 
and anti-1-phenyl-5-methylbenzothiazole-4’-diazocyanides. 

The three pairs of syn- and anti-diazo-compounds may be repre- 
sented wt the following stereochemical formule. 


ana Me/ eo: 
eal ex 
Ox x \—~ cl Ow ~~ Nc 
() (ON) (a.) (CN) 
(NaSO,) (SO,Na) 


: The nomenclature and notation adopted in this communication are 
‘xemplified by the following numbered formula : 


JN N 
| Ne Dna, 
Meee” Ne sf 


4’-Amino-1-phenyl-5-methylbenzothiazole, 
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Qualitative evidence was also obtained of the existence of the syn. 
and anti-sodium diazo-oxides, but in this case the products wer 
not isolated in a state of purity. 

The solubility in water of the syn-diazo-chloride and -cyanide 
suggests that these compounds pass readily into the diazoniun 
condition. If D is the aromatic complex, this equilibrium would 
be represented as follows : 


D— \+2H,0 = -_ pre | Q7k,0 |e, 
CI—N 

On adding sodium azide to the aqueous solution of the sy. 
diazo-chloride, nitrogen is evolved in the cold with the formation 
of 4’-triazo-1-phenyl-5-methylbenzothiazole (III) : 


: N,°D. 
c—N ~ n,—N > Nets 
When the insoluble anti-diazo-chloride is warmed with aqueous 
sodium azide, 4’-amino-1-phenyl-5-methylbenzothiazole is regen- 
erated, while nitrogen and nitrous oxide are evolved : 
D—F___— _, DNE 
—N—NIN, O 7 N,+N,0 


CHy-CH,<N>C-O,HyN, CHy-C,H, <5 >C-CpHy ON. 
(IIT.) (IV.) 


4’-Amino-1-phenyl-5-methylbenzothiazole gives rise to a series 
of sparingly soluble, coloured diazo-salts, namely, the diazo-nitrate, 
acid diazo-chromate, diazo-nitroprusside, diazo-ferrocyanide, acid 
diazo-carbonate, diazo-orthoborate and diazo-chlorate. 

With the exception of the last substance, which is extremely 
explosive at the ordinary temperature, the members of this series 
are stable in the solid condition at the ordinary temperature ; they 
all couple readily with alkaline 8-naphthol. These properties are 
consistent with the view that the foregoing diazo-derivatives belong 
to the syn-series. 


EXPERIMENTAL. 


4’-Amino-1-phenyl-5-methylbenzothiazole | (dehydrothio-p- -tolu- 
idine) was prepared by heating together at 180° for eight hour 
100 grams of p-toluidine and 60 grams of sulphur, the fusion being 
heated subsequently at 250° for twenty hours. The product was 
worked up by Green’s method (loc. cit.); the monothiazole base, 
after repeated crystallisation from amyl alcohol, melted at 191’, 
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syn- and anti-1-Phenyl-5-methylbenzothiazole-4’-diazochlorides 
(Formule I and II). 


4’-Amino-1-phenyl-5-methylbenzothiazole (15 grams) was con- 
verted into the hydrochloride by treatment with excess of alcoholic 
hydrochloric acid. The dry hydrochloride was suspended in about 
50 c.c. of absolute alcohol and treated at 0° with 9 grams of ethyl 
nitrite in 50 c.c. of the same solvent. The sparingly soluble anii- 
diazo-chloride (2 grams) which separated was extracted successively 
with boiling chloroform, cold water, and again with chloroform, 
the extraction with the organic solvent being repeated fourteen 
times (Found: C=57-36; H=3-57; N=14:41; Cl=12-67; S= 
1102. Cy,H,N,CIS requires C=58-51; H=3-50; N=14-58; 
(1=12:30; S=11-12 per cent.). This anti-diazo-compound, a 
brownish-yellow, amorphous powder, melted with decomposition 
at 270°; it was insoluble in water and did not couple with alkaline 
s-naphthol until after treatment with hydrochloric acid. 

The soluble syn-diazo-chloride (9-5 grams), which was precipitated 
from the foregoing alcoholic solution by adding excess of ether, 
melted with decomposition at 139° (Found: C=56-94; H=3-88; 
N=14:31; Cl=12-13; S=10-75 per cent.).* The syn-diazo- 
compound was very soluble in water and coupled readily with 
alkaline 8-naphthol to a red azo-pigment, becoming violet with 
concentrated sulphuric acid. 

1-Phenyl-5-methylbenzothiazole-4’ -azo-8-naphthol, 


' N 
CHsCgHy<g >C-CgHyNo'CjoH,'OH, 


crystallised from glacial acetic acid in intensely crimson needles 
melting at 214° and assuming a violet colour in concentrated 
sulphuric acid (Found: N=10-65; S=8-23. C,,H,,ON,S requires 
N=10-60; S=8-09 per cent.). 

A repetition of the diazotisation with amyl nitrite, using ethyl 
alcohol, led to a smaller yield of the syn-diazo-compound con- 
taminated with a viscid by-product. In dilute hydrochloric acid, 
diazotisation led to the production of the soluble syn-diazo-com- 
pound, but, on boiling, the solution lost its intense coupling power 
and yielded a reddish-brown solid melting at 255°, identified as 
’-hydroxy-1-phenyl-5-methylbenzothiazole (Jacobson, Ber., 1889, 
22,334) (Found: N=5-66. Calc., N=5-79 per cent.). The aqueous 
solution of the syn-diazo-chloride, when treated in the cold with 
copper bronze, evolved nitrogen forthwith and in two hours the 

* In the analyses of the isomeric diazo-chlorides, the carbon estimation, 


repeated several times, was consistently low, although the other constituents 
gave numbers agreeing very closely with the calculated values. 
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coupling power had disappeared. The chloro-derivative, whe 
crystallised repeatedly from acetone, separated in pale yelloy 
granular nodules melting at 160° (Found: N=5-52; Cl=134V. 
S=11-98. C,,H,)NCIS requires N=5:38; Cl=13-62; S=L9F 
per cent.). 

4’-Chloro-1-phenyl-5-methylbenzothiazole was insoluble in wate 
and dissolved readily in the volatile organic media excepting ethy! 
alcohol, in which it was only sparingly soluble. 

The anti-diazo-chloride (2 grams), when treated with copper 
bronze in dilute hydrochloric acid, remained unchanged for several 
hours, but after a week had yielded the above chloro-compound 
(m. p. 160°). 


Potassium syn- and anti-1-Phenyl-5-methylbenzothiazole-4’ -diazo. 
oxides. 


A 15 per cent. solution of syn-1-phenyl-5-methylbenzothiazole-4’. 
diazo-chloride (2 grams) was added to 90 grams of potassium 
hydroxide in 60 c.c. of water at 5°, when a pink precipitate separated. 
This product, which was very soluble in cold water, coupled im. 
mediately with alkaline 8-naphthol; it was not, however, obtained 
in a sufficiently pure state for analysis. 

The foregoing alkaline solution was heated at 110° until the 
coupling power was lost. The syn-compound dissolved partly; 
the final residue of the anti-diazo-oxide, which was of a darker 
colour, no longer interacted with alkaline @-naphtho! until it had 
first been acidified. 


Action of Sodium Azide on the syn- and anti-1-Phenyl-5-methyl- 
benzothiazole-4’ -diazo-chlorides. 


A slight excess of sodium azide was added to a cooled aqueous 
solution of the purified syn-diazo-chloride, nitrogen was evolved, 
and a pale pink precipitate of 4’-triazo-1-phenyl-5-methylbenco- 
thiazole (III) was produced, which changed to a light brown on 
drying; it melted at 121° (Found: N=21-74. ©,,H,9N,S requires 
N=21-00 per cent.). 

A slight excess of sodium azide was gently warmed for half an 
hour with an aqueous suspension of the purified ani-diazo-chloride. 
The product melted at 182—184° and after purification was identified 
as the original amine by its melting point (186°) by analysis (Found : 
N=11-44. Calc., N=11-63 per cent.), and by the formation of 
the acid diazo-chromate and the azo-$-naphthol. 

The reactions with sodium azide were conducted in @ ga 
apparatus. The, syn-diazo-chloride evolved nitrogen (Found : 
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N=9°33, 9°24). The anti-diazo-chloride evolved about twice as 
much gas, the amount varying with the age of the preparation 
(Found : N,O=16°24, 14°96; N=10°68, 9°54. Calc., N,O=15°27; 
N=9°72 per cent.). 


Sodium syn- and anti-1-Phenyl-5-methylbenzothiazole-4’-diazo- 
sulphonates (Formule I and II). 


An aqueous solution of the syn-diazo-chloride, prepared in the 
foregoing manner, was added slowly to a solution of sodium sulphite 
and sodium hydroxide cooled to 0°. . After twenty minutes, the 
alkaline solution was filtered from an orange-brown, amorphous 
precipitate. This product, after five extractions with chloroform, 
melted with decomposition at 202° (Found: N=11-66; S=18-07; 
Na=6-41. C,,H,gO,N,S,Na requires N=11-81; S=18-01; Na= 
646 per cent.). This syn-diazosulphonate coupled readily with 
akaline B-naphthol, yielding the foregoing azo-derivative. 

The anti-diazosulphonate was obtained as in the foregoing pre- 
paration excepting that the alkaline sulphite solution was main- 
tained at the ordinary temperature. The orange precipitate 
assumed almost instantly a brown colour and after four extractions 
vith chloroform a yellow, amorphous product was left, melting with 
decomposition at 309° (Found: N=11-08; S=17-12; Na=6-54 
pr cent.). This anti-compound did not couple with alkaline 
snaphtho! unless it had first been treated with hydrochloric acid. 


syn- and anti-1-Phenyl-5-methylbenzothiazole-4’ -diazo-cyanides 
(Formule I and II). 


The syn-diazo-cyanide was formed on adding 2 grams of potassium 
tyanide and 5 c.c. of water to 2 grams of the syn-diazo-chloride 
dissolved in 30 c.c. of water acidified with hydrochloric acid, and 
tooled below 0°. The bright brick-red product, which was very 
wluble in water, decomposed at 131°, coupled readily with alkaline 
snaphthol, and quickly lost nitrogen with copper bronze (Found : 
N=19-44; S=11-62. C,;H,)N,S requires N=20-09; S=11-49 
per cent.). 

The anti-diazo-cyanide, obtained by adding 0-5 gram of potassium 
yanide to 2 grams of the syn-diazo-chloride in 15 c.c. of water at 5°, 
“parated as a deep orange precipitate insoluble in water; after 
aystallisation from moist acetone, it melted at 175°, and did not 
‘ouple directly with alkaline B-naphthol. With copper bronze it 
‘olved nitrogen, but much more slowly than in the case of the 
yl-compound (Found : N=20-40; S=11-98. C,;H,)N,S requires 
5=20-09; S=11-49 per cent.). 
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4’-Cyano-1-phenyl-5-methylbenzothiazole (Formula IV). 


On adding copper bronze to an acid solution of the syn-diazp. 
cyanide, nitrogen was evolved immediately and a yellow solid 
separated, which on repeated crystallisation from acetone melted 
at 145° (Found: N=I11-19; S=13-10. Cy;Hi9N.8 requires 
N=11-17; S=12-78 per cent.). This cyano-derivative was rather 
yellower than the corresponding chloro-compound and _ had 4 
similar solubility in the usual organic media. 


syn-1-Phenyl-5-methylbenzothiazole-4’' -diazo-salis, 


The following sparingly soluble diazo-salts coupled readily with 
alkaline 8-naphthol and belonged evidently to the syn-series. 

1-Phenyl-5-methylbenzothiazole-4’ -diazonitrate, 

CH,°C,H,< R SC-C,H,yN,"NOs. 
—Sodium nitrite was added to a solution of the aminothiazolk 
(2 grams) in 20 c.c. of concentrated nitric acid, keeping the tempen- 
ture at 0°. A yellowish-brown precipitate (1-5 grams) separated on 
adding water, which, when dry, exploded at 145° (Found : N=18-1]; 
S=10-31. C,,H)0,N,S8 requires N=17-80; S=10-18 per cent.). 

The acid diazo-chromate, (C,4H,)NS°N,)HCrO,, obtained as a 
copious yellow precipitate on adding excess of potassium dichromate 
to an aqueous solution of the syn-diazo-salt, detonated at 120 
(Found: N=11-44; Cr=14-25. C,,H,,0,N,SCr requires N=11 3; 
Cr=14-10 per cent.). 

The diazo-nitroprusside, (C,4H,)NS:N,),FeNO(CN);, prepared 
from the diazo-chloride by double decomposition with sodium 
nitroprusside, was a bright yellow, amorphous powder exploding at 
140° (Found: N=22-48; Fe=7-90. C,H, ,ON,,S,Fe requires 
N=23-29; Fe=7-74 per cent.). 

The diazo-ferricyanide, (C\4H,yNS-N,)3Fe(CN),, was a greenish: 
yellow powder melting at 158° (Found: N=22-13; Fe=d), 
CygHgoN,;S3Fe requires N=21-65; Fe=5-75 per cent.). 

The acid diazo-carbonate, (C;,H,)NS-N,)HCO,, prepared by 
double decomposition from the syn-diazo-chloride and sodium 
hydrogen carbonate, was a reddish-brown, amorphous powéet 
melting at 128° with slight detonation; it effervesced with dilute 
sulphuric acid (Found: N=13-56; S=10-24. C,;H,,03N,8 ® 
quires N=13-39; S=10-21 per cent.). 

The diazo-chlorate, (Cy4HjgNS-N,)CIO,, a brilliant yellow, amor- 
phous compound obtained by double decomposition, was slightly 
soluble in water. When dried, it was found to be extremely explo- 
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sive, detonating violently at 110° (Found: N=12-59. C,,H,,0,N,CIS 
requires N=12-50 per cent.). 

The diazo-orthoborate, (C,,H, )NS-N,),BO,, was obtained as a 
bright brown powder by adding excess of concentrated borax 
solution (1 gram in 30 c.c.) to a solution of the syn-diazo-chloride ; 
it melted at 154° with decomposition (Found : N=15-47; S=11-51. 
OyH0,N9S3B requires N=15-42; S=11-76 per cent.). This 
orthoborate was soluble in chloroform and was precipitated there- 
from by light petroleum. 


The authors’ thanks are due to the Advisory Council of the 
Department of Scientific and Industrial Research for a grant which 
has partly defrayed the expenses of this investigation. 
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CXVIII.—6-Hydroxy-B-3 : 4-methylenedioxyphenyl- 
ethylamine and its Derivatives. 


By FREDERICK ALFRED Mason. 


Susstances of the type R-CH(OH)-CH,°NH, are of considerable 
interest owing to their relationships on the one hand to adrenaline, 
(,H,(OH),*CH(OH)-CH,-NHMe, and similar sympathomimetic pro- 
ducts, and on the other to derivatives of isoquinoline. 

The present investigation was begun with the hope of effecting a 
convenient synthesis of 6: 7-methylenedioxyisoquinoline (V) from 
piperonaldehyde (I) by the steps shown : 

P CH:-OH 
H,0<0/ \CHO _, Beco oN 
ad a. 
(I.) 
CH-OH . 


The formyl derivative (IV) was obtained, but as the investigation 
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had to be abandoned at this stage it has seemed desirable to place 
on record the results obtained.* 

Various investigators have prepared adrenaline methylene ether ff 
from $-bromo-«-3 : 4-methylenedioxyphenylethyl alcohol (Barge 
and Jowett, T., 1905, 87, 967; Barger, T., 1908, 93, 2081; Pauly 
and Neukam, Ber., 1908, 41, 4151; Béttcher, Ber., 1909, 42, 253. 
Mannich, Arch. Pharm., 1910, 248, 127; D.R.-P. 209609, 209610, 
212206), but the corresponding unmethylated compound (IIT) does 
not appear to have been prepared hitherto. 

The method adopted for the preparation of $-hydroxy-8-3: 4. 
methylenedioxyphenylethylamine (III) was substantially that 
described by the Farbwerke Hoechst (D.R.-P. 193634; Eng. Pat. 
27117, 1907) and consisted in the reduction of piperonaldehyde. 
cyanohydrin (II) in alcoholic solution by means of sodium amalgam, 
The method was extremely laborious and difficult to control, yields 
being obtained which varied from nothing up to about 17 per cent, 
although the latter yield was only obtained on very few occasions. 

Other methods of reduction were also tried, for example, mag. 
nesium and acetic acid, magnesium amalgam, and aluminium 
amalgam, but no trace of the base was obtained. 

Attempts to reduce the cyanohydrin electrolytically in a 50 per 
cent. alcoholic solution of potassium acetate with an ice-cooled 
potassium amalgam cathode and a water-cooled platinum anode were 
unsuccessful, as also were similar attempts with a sodium amalgam 
electrode and an aqueous-alcoholic solution of sodium acetate. 

Preliminary experiments with the small amount of the formyl 
derivative available failed to give any detectable amount of 6:7- 
methylenedioxyisoquinoline by the interaction of the formyl con- 
pound and phosphoric oxide in toluene, but there can be little 
doubt that further work with a larger quantity of the substance 
would lead to the desired product, by Pictet and Gams’s method 
for the synthesis of isoquinoline itself (Ber., 1910, 43, 2384). 


EXPERIMENTAL. 


8-Hydroxy-8-3 : 4-methylenedioxyphenylethylamine (Formula III). 


The pasty mass obtained by adding sodium hydrogen sulphite 
(120 grams) dissolved in water (120 c.c.) to a solution of piperot- 


* The investigation was carried out at various times during the period 
June 1914 to December 1915, when it was abandoned owing to the pressure 


of war work. 
+ For further details of related compounds, see G. Barger, “ Simpler 


Natural Bases” (London 1914), pp. 81—105; and Meyer and Jacobson, 
“ Organische Chemie,” 2, III, (3) pp. 1014 et seg., which gives full references 


to the literature. 
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widehyde (50 grams) in warm alcohol (50 c.c.) was treated with 
potassium cyanide (50 grams) dissolved in water (200 c.c.) and 
he mixture stirred and gently shaken, care being taken to avoid 
mulsification, until the solid had almost disappeared. After the 

mixture had been kept for a few minutes the lower layer of the 
yanohydrin thus obtained was run into a mixture of 600 c.c. of 95 
er cent. alcohol and 400 c.c. of water cooled in a freezing mixture, 
und to the well-stirred solution were added 2500 grams of 4 per cent. 
sodium amalgam, in portions of 250 grams at intervals of about 
fifteen minutes, 250 c.c. of glacial acetic acid being run in at a 
uitable rate to keep the liquid faintly acid to phenolphthalein ; the 
temperature was maintained at 6—8°. After about three hours the 
alcoholic layer was filtered from the large amount of sodium acetate 
ormed, and from a small amount of tarry greenish-yellow by- 
product, which was not further examined, and the clear yellow 
filtrate was evaporated under 40 mm. pressure until all the alcohol 
had been removed. The aqueous layer, after being shaken thrice 
with ether * to remove the yellow oil that had separated, was 
made strongly alkaline with sodium hydroxide solution and extracted 
ix times with an equal volume of ether, or better with a smaller 
quantity of chloroform, care being taken that the solvent did not 
become emulsified by too vigorous shaking. The extracts were dried 
with potassium carbonate, and the solvent was evaporated. The 
residue, consisting of a few c.c. of a thin yellow oil, easily soluble 
in alcohol or chloroform, insoluble in water, and sparingly soluble 
in ether, was covered with 30 c.c. of ether and concentrated hydro- 
hloric acid added drop by drop with stirring until no further salt 
formation was observed. The oil solidified quickly to a white, 
ystalline paste of crude $-hydroxy-$-3 : 4-methylenedioxypheny]- 
thylamine hydrochloride, which was filtered and pressed on porous 
ile; the yield was 12 grams or 17 per cent. of the theoretical. 


Derivatives of the Base. 


The hydrochloride was easily soluble in water and in alcohol, 
tom which it separated in white, prismatic crystals, m. p. 176° 
found: C=49°5; H=58; Cl=166. (C,H,,O,NCI requires 
=49'6; H=5'5; Cl=16°3 per cent.). 

The formate, obtained in a similar manner by the addition of 
omic acid to the ether or chloroform solution of the base, formed 


"5 The ethereal extracts, after removal of the solvent, left a large amount of 
ly product, which, on keeping, deposited large, yellow crystals of low melting 
pint, The substance was extremely soluble in alcohol and consisted probably 
piperonyl alcohol, but was not further examined. 
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white crystals, m. p. 138—139°, which were easily soluble in wate 
and alcohol (Found *: C=53°4. C,9H,,;0;N requires C=52°9 pe 
cent.). 
The platinichloride, obtained in the usual manner from thy 
hydrochloride, formed brilliant orange scales, which were moderately 
soluble in water or alcohol, and blackened and decomposed above 
170—200°. 

The urethane derivative, CH,-O,:C,H,*CH(OH)-CH,-NH-CO,E, 
was prepared by treating a solution of the hydrochloride with ethy| 
chloroformate and excess of sodium carbonate solution, when it 
was deposited in minute, colourless crystals, m. p. 105°, insolubkff, 
in water, and easily soluble in chloroform or alcohol. 

The benzoyl derivative, Cy,H,O,,NH-COPh, was prepared by 
treating a solution of the hydrochloride with an ethereal solution 
of benzoyl chloride in presence of a little sodium carbonate solution. 
After recrystallisation from 50 per cent. alcohol, it formed glistening, 
white leaflets, m. p. 155—157°, easily soluble in alcohol, sparingly 
soluble in ether, and insoluble in water. 

The mono-p-nitrobenzoyl derivative, C,H,O,*NH-CO-C,H, NO, 
was obtained by shaking 11°7 grams of the formate dissolved in 
25 c.c. of water and a solution of 28°6 grams of sodium carbonate 
with 10 grams of p-nitrobenzoyl chloride dissolved in 25 cc. df 
chloroform. The thick, crystalline, yellow precipitate was r- 
crystallised from alcohol and the p-nitrobenzoyl derivative thereby 
obtained in small, yellow leaflets, m. p. 155—157°, soluble in alcohol, 
sparingly soluble in chloroform, and insoluble in water (Found: 
C=58°3; H=4'7. C,,H,,0O,N, requires C=58'2; H=4:22 pe 
cent.). . 

The di-p-nitrobenzoyl derivative, 

NO,°C,H,°CO-O-C,H,0,-NH-CO-C,H,NO,, 

was obtained when solutions of 6 grams of the mono-acy] derivative 
6 grams of p-nitrobenzoyl chloride, and 3°5 c.c. of pyridine, each 
dissolved in 10 c.c. of chloroform, were mixed and boiled for ont 
hour. The solvent was then evaporated and the residue triturated 
first with a few c.c. of alcoho! until it set to a crystalline mas, 
then with a little sodium carbonate solution. After being filtered, 
washed with a few c.c. of alcohol, dried, and recrystallised from 
chloroform, the di-p-nitrobenzoyl derivative was obtained in smal, 
orange-yellow crystals, m. p. 179—180°, which were sparingly 
soluble in most solvents. 

The veratroyl derivative, CyH,O,-NH-CO-C,H;(OMe),, was pr 
pared from 4°5 grams of the formate dissolved in 5 c.c. of wate 

* The analysis was kindly carried out by Dr. P. W. Robertson by 
method (T., 1916, 109, 215). 
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nd 4 grams of veratroyl chloride in 10 c.c. of dry ether, sodium 
srbonate being added until the alkalinity was permanent. The 
xtract in chloroform of the yellow oil that separated was dried 
wer potassium carbonate and the solvent evaporated, when a 
iscous, uncrystallisable gum was obtained, which, on evaporation 
ina vacuum, frothed up to a friable, resinous mass melting indefin- 
itely at 60—80°. It was insoluble in water, ether, benzene, or light 
petroleum, but was very easily soluble in methyl or ethyl alcohol 
and in chloroform. 

The formyl derivative, CgH,O,,NH°-CHO, could be prepared 
satisfactorily neither by heating the base or its hydrochloride with 
formic acid, nor by heating the formate at 110°. It was obtained 
by boiling the base with purified formic ester and after recrystal- 
lisation from methyl alcohol formed hard, white crystals melting 


ion. at 90—92°. It was insoluble in water, carbon disulphide, or ether, 


very sparingly soluble in hot benzene, easily soluble in hot methyl 
YMalohol, but only slightly soluble in the’cold solvent; it dissolved 
radily in ethyl alcohol, chloroform, or formic ester. 


The author wishes to express his thanks to Prof. H. B. Baker 
for his kind interest and encouragement during the work, which 
was carried out in the Chemistry Department of the Royal College 
‘Mf Science, South Kensington, and also to the Chemical Society for 
agrant which defrayed part of the expenses incurred. 


[Received, March 19th, 1921.] 


8°XIX.—Overvoltage. Part I. A Comparison of the 
Methods of Determination, especially as Applied to 
the Mercury Cathode. 


By Sypnry DunnNILL. 


TERE are two main difficulties which stand in the way of a 
Biautitative theory of overvoltage. 

(l) Metallic surfaces cannot be reproduced exactly, and their 
Woperties change during the passage of the current. 

(2) There is still a considerable difference of opinion as to which 
ofthe methods of determination gives the true value, namely, the 
“commutator method,” by which the potential of the electrode 
‘measured at a small interval, say 0-012 second, after the main 

PP2 
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current has been cut off, or the “direct method,” by which th 
potential is taken while the current is flowing. The first difficulty, 
however, does not arise in the case of the mercury cathode, anj 
hence that was the electrode with which the present investigation 
was begun. 

The most complete studies of the mercury cathode are those of 
Tafel (Zeitsch. physikal. Chem., 1905, 50, 641), Lewis and Jackson 
(ibid., 1906, 56, 193), and Newbery (T., 1914, 105, 2419; 1916, 
109, 1051). 

Tafel employed the direct method upon a mercury surface of 
25 sq. cm. The results from overvoltages of 1-0 volt to 1-2 volts 
could be represented by the equation E=a--6 log J, where £ is 
the overvoltage, / is the current, and a and 6 are constants. Lewis 
and Jackson, also using the direct method, measured the over. 
voltage at a mercury cathode contained in a tube of 0-2 cm. 
diameter. The same form of equation was found to hold from 
overvoltages of 0-3 volt, bilt at about 0-7 volt the readings became 
unsteady and the measurements were not carried further. At this 
point also, bubbles began to appear down the side of the tube to 
a distance of 1 cm. below the mercury surface. Newbery, using 
the commutator method, with the mercury in a tube of | sq. cm. 
cross-section, found exceedingly erratic overvoltages with a general 
tendency to decrease as the current was increased. At the highest 
current densities, zero and even negative readings were recorded. 

The difference between the results given by the two methods 
is strikingly shown in the following table of overvoltages at a 
mercury cathode in N-sulphuric acid. The current density is given 
in milliamperes per square centimetre. 


Current density. : : Newbery. 
0°54 
0°30 

—0°01 
—0°05 


EXPERIMENTAL. 


With the object of using a definite volume of mercury, the fir 
experiments were made with the mercury in a small cup blow 
on the end of a capillary tube. Progress, however, was found t0 
be impossible, since the current could not be passed for more than 
a few minutes without the breaking of the mercury thread in the 
capillary owing to the formation of a bubble of gas. 

Experiments were then made in which the mercury covered the 


DUNNILL : OVERVOLTAGE. PART TI. 1083 


bottom of a crystallising dish and at the edge was connected with 
the source of current by a platinum wire sealed into glass. The 
mode was a platinum wire suspended in the centre of the dish 
about 0-5 em. above the mercury. N-Sulphuric acid was the first 
dectrolyte used, in a dish of 11 cm. diameter. 

Bubbles form quite smoothly over the surface until the current 
exceeds about 50 milliamperes. There now appears below the 
mode a circular patch quite free from bubbles. The diameter of 
the patch increases with increasing current and at 100 milliamperes 
isabout 7 cm. By the observation of motes it can be seen that 
the mercury surface is flowing rapidly outwards from the centre. 
Thus the mercury, after receiving current, travels outwards for 
wme distance before visible bubbles have time to form, the hydrogen 
king either in the mercury or in the solution near the surface. 
About 0-5 cm. within the circumference of the bare space there is 
a slight discontinuity, similar in appearance to the bevel on a 
nirror. Possibly this marks the limit pf the actual movement of 
the mercury while the stream of solution clears away the bubbles 
fr a short distance further. 

The phenomenon is readily accounted for by a consideration of 
the electrocapillary curve. In N-sulphuric acid the potential of 
uercury at which hydrogen is being liberated is higher than the 
potential of mercury of maximum surface tension. Hence, the 
wereury in the centre, which is receiving most current, being at 
ahigher potential, has a lower surface tension than that nearer 
the circumference, and because of this the mercury at the centre 
is being continuously dragged outwards. This view is confirmed 
by the following observations : 

(l) The same phenomenon occurs, but more readily, when the 
uercury is acting as anode, that is, on the other branch of the 
curve. This can best be seen by removing the platinum connexion 
fom the mercury and suspending it in the solution a short 
— above the surface. The discontinuity is seen in this case 
also, 

2) With the mercury as cathode in mercurous nitrate solution, 
the surface tends to draw towards the centre. Here the potential 
Son the same branch of the curve as in (1), but the mercury is 
teing polarised in the opposite sense, so that the mercury at the 
‘ntre now has the higher surface tension. 

(3) In alkaline solution, where the surface tension decreases 
wpidly with increasing cathodic polarisation, the ring is especially 
ge. A normal solution of ammonium hydroxide containing in 
dition 66 grams of ammonium sulphate per litre was used as 
teetrolyte in a 14 em. dish arranged as before. With a current 
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of 100 milliamperes no gas appeared for several minutes and th 
whole surface of the mercury seemed to be travelling out to th 
edge. The flow continued underneath the mercury and smi 
bubbles, together with some of the solution, were seen betwee 
the mercury and the bottom of the dish, moving towards thy 
centre, where, no doubt, the ammonium amalgam was accum. 
lating. The solution and the gas bubbles would collect togethe 
in places and occasionally burst through the mercury, leaving a 
effervescing patch which immediately floated on the mercury ty 
the side of the dish. Apart from this, the surface remained quite 
blank. On opening the circuit the surface moved in a directioy 
opposite to that previously observed and large areas of effervescing 
amalgam were drawn round the edges on to the upper surface of 
the mercury. In this case, in addition to the purely electrical 
effect, there will, of course, be some change of surface tension due 
to formation of the amalgam, although whether this produces an 
increase or a decrease is unknown. 

Potential measurements were now made in order to determin 
the effect of this phenomenon on the overvoltage as given by the 
commutator method, since the motion of the mercury would le 
likely to cause a very rapid fall of potential when the current 
ceased to flow. The general arrangement of the apparatus wa 
similar to that described by Newbery (T., 1914, 105, 2419). The 
rotating commutator used was of the type known as the MacGrego 
drum. It was driven by an electric motor which could be set at 
three speeds, giving approximately 0-020 sec., 0-013 sec., and 0-0 
sec. respectively as the mean interval between the interruption d 
the main current and the reading of the potential. When the 
commutator was applied, the mercury was thrown into stationary 
vibrations, which removed the bubbles from the surface except a 
the nodes, which were several millimetres apart. At higher speeds 
the distance between the nodes became less. 

The mercury cathode filled a small, shallow, glass dish, connexiol 
being made by a platinum wire sealed into a glass tube. The 
surface area of the mercury was approximately 10 sq. cm. Tie 
anode was of platinum foil contained in part of a test-tube draw 
out to a point, leaving an opening of 0-1 cm. diameter. This we 
supported a few millimetres above the surface of the mercury. 


The electrolyte was N-sulphuric acid and the potential we 


measured with reference to a mercurous sulphate electrode in tle 
same solution. A capillary electrometer was used as zero inst 
ment. The syphon connecting the main solution with the referent 
electrode terminated in a capillary of about 0-01 cm. intem 
diameter, which could be adjusted exactly to any point on the 
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percury surface. Except where otherwise stated, the capillary 
touched the mercury immediately below the anode. 

All the experiments were made at room temperature, that is, at 
about 12°. 

In the following table a few of the results are shown. The 
arrent is given in milliamperes. The figures are the overvoltages 
measured directly and with the three speeds of the commutator, 
assuming the combination H, | N—H,SO,,Hg,SO,| Hg to have an 
B.M.F. of 0-70 volt. 

Overvoltage. 


Current. Direct. 0-010 sec. 0°013 sec. 0020 sec. 
36 1-14 0-85 0°82 0°75 
68 1-23 0°83 0-79 0-71 
68 1-22 0°73 0°67 0-51 


The last series gives the results obtained when the solution was 
stirred by means of a stirrer with vanes driven at 250 revolutions 
pr minute. It is seen that stirring had very little influence on 
the potential while the current was passing, as would be expected, 
since the mercury surface was already in rapid motion. The rate 
of decay, however, was considerably increased. 

The overvoltage values obtained by the direct method were 
quite steady and after an initial rise were fairly accurately repro- 
ducible, a slight increase with time being most likely due to con- 
centration changes. The following figures were obtained by means 
of the same apparatus as before, with the opening into the anode 
compartment 0-25 cm. above the centre of the cathode. The 
solution was stirred for a short time after each change in the 
applied H.M.F., but was allowed to come to rest before the reading 
was taken. 

On first passing a current of 11 milliamperes the centre of the 
cathode had an overvoltage of 0-85 volt, which became 0-87 volt 
at 22 milliamperes. Up till then no ring had appeared, but when 
the current was interrupted for a few seconds and applied again, 
a ring was formed, which still remained when the current was 
reduced to 11 milliamperes. Readings were then taken, the current 
being gradually increased to 78 and then brought back to lower 
values, 


Overvoltage. 


Current. increasing. decreasing. 
0°93 0°94 
1-02 1-02 
1-11 1-12 
1°18 
1-26 
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The bare space becomes larger with increasing current, but th 
circumference does not remain at a constant potential. At 
milliamperes, the diameter was about 1-8 cm. and the Over volta 
at the boundary of the space was 1-00 volt, whilst at 78 milj. 
amperes, with a ring of about 2-5 cm. diameter, the Overvoltag: 
at the circumference was 1-12 volts. 

The overvoltages given above are similar to those of Tafe 
although in his experiments a ring was most likely not forme 
owing to the more equal distribution of the current. 

Since the mobility of the mercury surface introduces complica. 
tions, experiments were made with a cathode of amalgamated lead 
This consisted of a small rod of lead fixed into a glass tube wit) 
sealing wax and covered with paraffin wax except over an ara 
of about 1 sq. cm. at the end, which was amalgamated. Mercury 
contained in a crystallising dish formed the anode. The electrolyte 
was N-hydrochloric acid. The potential was measured against 
calomel electrode, also in N-hydrochlorie acid, and connected « 
before with a fine capillary touching the cathode. 

The solution was contained in a wide-mouthed bottle provided 
with a cork, through which passed the connexions and the sleeve 
of the stirrer. Hydrogen was bubbled through the solution fa 
two days before readings were taken. The results were similar to 
those obtained for mercury, as is shown by the following example. 
The combination H,| N-HCl,Hg,Cl,| Hg is taken as having an 
E.M.F. of 0-28 volt. 

Overvoltage. 


Current. Direct.  0-010sec. 0-013 sec.  0°020 sec. 
5 1-20 0-91 0-89 0°86 
5 1:19 0°77 0-74 0°62 


In the second series the solution was stirred. 

Obviously the overvoltage decays too rapidly for any decision 
to be made as to the true value. 

The same apparatus was used in the next experiments, exceyt 
that the electrolyte was N-sodium hydroxide, with a reference 
electrode of mercuric oxide. A current of 1-2 milliamperes wa 
maintained throughout the whole series. The overvoltage diminishel 
while the current was passing to the extent of 0-2 volt in forty-five 
minutes and the cathode became dull owing to deposition of sodium. 
The following is a typical set of consecutive readings 

(H, | N-NaOH,HgO | Hg=0-930 volt). 


Direct. 0-020 sec. 0013 sec. 0°010 sec. Direct. 
O'875 0°878 0°852 0°855 0°856 0°870 


It seems scarcely justifiable to compare the results when a dirett 
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current is used with those obtained by means of the intermittent 
current. ‘The second drum of the commutator enabled the potential 
to be taken during the latter half of the period in which the current 
was passing, leaving the electrometer circuit open during the 
remainder of the time. This potential is given in the second 
column above. 


Discussion of Results. 


The earlier experiments with the mercury cathode provide an 
explanation of several previous observations. A mercury cathode 
in a narrow tube where the sides are wet with the solution but 
are receiving very little current is in a similar condition to that 
of a pool of mercury with the current concentrated at one point 
on the surface. The outward flow of the mercury, bringing with 
it a layer of solution supersaturated with hydrogen and perhaps 
itself containing hydrogen in some form, is quite sufficient to 
account for the appearance of bubbles down the side of the tube. 
As the current is increased, the movement will become more rapid 
and the potential will fall more quickly should the current be 
interrupted. This is shown by the decreasing values obtained by 
the commutator method. The fall of potential is so rapid that 
small changes in the motion of the mercury, by changing the rate 
of decay, would produce erratic variations in the potential readings 
at a given interval of time. 

The stationary waves produced by the commutator are in them- 
vlves sufficient to show that changes of surface tension, denoting 
changes of potential, take place during the interval in which no 
current is flowing. 

Results previously obtained by the direct method have shown 
for all metals an increase of hydrogen overvoltage with the current, 
whereas the commutator method shows an increase in alkaline 
‘olution, but in acid solution there appears to be always a slight 
decrease. This is most likely owing to the stirring of the solution 
tound the cathode by the bubbles of hydrogen, since, as is shown 
above, stirring considerably increases the rate of decay of the 
polarisation. At higher current densities more hydrogen is evolved 
and hence the stirring is more vigorous. 

According to Newbery, the results obtained by the direct method 
are inaccurate owing to the electrical resistance of a film of gas 
vhich is said to be present on the electrode. It would be difficult 
give a direct proof of the presence of this film. The paper by 
Newbery on “The Electrical Resistance of an Electrolytic Cell” 
ih rans. Faraday Soc., 1919, 15, Part I) contributes nothing to this 
discussion, since it is assumed at the outset that the difference 

P p* 
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between the overvoltages determined by the two methods is dy 
to “ transfer resistance,” whereas a rapid fall of potential during 
the first one-hundredth of a second would have exactly the sam 
effect. The “transfer resistance ”’ was found to be very high « 
low current densities, but became much smaller when the curren 
density was increased. This is owing to the fact that the fall of 
potential varies much less rapidly than the current, so that at 
higher current densities the hypothetical resistance necessary to 
account for the loss of #.M.F. becomes smaller. 

However, the experiments with an alkaline solution show that, 
in this case at least, the resistance film, if it exists at all, does not 
produce an error of more than 20 millivolts. Oscillograph measure. 
ments would most likely prove that the possible error was much 
smaller than this, as the rate of decay in the first one-hundredth 
of a second is usually greater than that found afterwards. It is 
improbable that there is any considerable variation in the mechanism 
of bubble formation at different electrodes. Further, we should 
not expect the overvoltage to vary very much on changing the 
electrolyte, and the overvoltage values obtained by the commutator 
method with a freshly-amalgamated electrode in alkaline solution 
approximate to those given by the direct method in acid solution. 

We may thus conclude that in all cases the direct method gives 
very nearly the true value of the overvoltage. The commutator 
method is incapable of giving accurate results, the error amounting 
to several tenths of a volt for cathodes with acid electrolyte and 
being especially large for the mercury cathode in acids. 


Summary. 


(1) A description is given of a remarkable phenomenon depen¢- 
ing on the change of surface tension with potential at a mercury 
electrode. 

(2) The overvoltages at cathodes of mercury and amalgamated 
lead have been measured by the direct method and by the com- 
mutator method. 

(3) These experiments show that the direct method gives the 
more accurate results. 


The author’s thanks are due to Professor Sir James Walker for 
helpful advice in the presentation of this paper. 


CHEMISTRY DEPARTMENT, 
University oF EpInBuRGH. (Received, May 6th, 1921.| 
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CXX.—Epicamphor. Part II. 


By Wmt1AM Henry PERKIN, jun., and ALAN FRANCIS TITLEY. 


Tus relationship of camphor to epicamphor is that represented 
by the formule : 
CH,—CH—CH, CH,—CH—CO 
l l 
CMe, | | CMe, 
! | | 
CH,—CMe-CO CH,— CMe-CH, 
Camphor. Epicamphor. 


ad since the first published account of the preparation of epi- 
amphor (Lankshear and Perkin, P., 1911, 27, 167), this substance 
has been the subject of an extended investigation (Bredt and 
Perkin, T., 1913, 103, 2182) which had for its object the discovery 
of the best conditions for the preparation and the study of the 
nore important derivatives of this interesting substance. One 
mexpected observation, established in the early stages of the work, 
vas that the conversion of camphor into epicamphor results in the 
rversal of the sign of rotation, the opposite change taking place, 
ofcourse, when epicamphor is converted into camphor, and this 
important point may be summarised thus : 


d-Camphor, [«], +39-1° — l-Epicamphor, [«], —58-2° 
(m. p. 175°) (m. p. 182°) 


At a later date, Furness and Perkin (T., 1914, 105, 2025) com- 
jleted the epicamphor series by converting l-camphor into d-epi- 
mphor ([«],+58-4°) and the mixture of d- and l-epicamphor 
yielded dl-epicamphor, which melts at 180°. The communication 
it Bredt and Perkin (Joc. cit.) contains the description of a large 
tumber of derivatives of /-epicamphor, which need not be enumer- 
tied here, but certain important derivatives were not prepared at 
at time, and it is the purpose of the present communication to 
ital briefly with two of these, namely, hydroxymethylene-l-epicamphor 
nd l-epicampholenonitrile. 


I. Hydroxymethylene-l-epicamphor. 


Hydroxymethylene-d-camphor is obtained by acting on d-camphor 

th sodium and tsoamyl formate in the presence of ether, and has 

“i extensively investigated by Bishop, Claisen, and Sinclair 
Pr*3 
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(Annalen, 1894, 281, 314), Briihl (Zeitsch. physikal. Chem., 19), 
34, 31), Federlin (Annalen, 1907, 356, 251), and by Pope and 
Read (T., 1909, 95, 171). The first-named pointed out that thre 
constitutional formule are possible for hydroxymethylenecamphor, 
namely : 

CeHu<ie aid CHyu<ton = CH 

(I). (11.) (1II.) 

The refractometric examination of methyl-alcoholic and chloro. 
form solutions of hydroxymethylenecamphor by Briihl and the 
investigation by Federlin of the colour intensity (reddish-violet) 
produced by ferric chloride in different solvents, measured directly 
and after standing, seem to indicate that the substance is not the 
keto-aldehyde (I), but is, in all probability, constituted as repre. 
sented by (II), and this also was the opinion of Bishop, Claisen, 
and Sinclair. For these and other reasons, this type of formula 
has been adopted in the present communication, although, as Pope 
and Read (loc. cit., p. 175) have pointed out, neither the refracto- 
metric nor the colorimetric method lends itself to differentiating 
between the two enolic modifications (II) and (III). One of the 
most characteristic properties of hydroxymethylenecamphor is the 
observation of Pope and Read that this substance exhibits marked 
mutarotation. 

A freshly-prepared solution in alcohol had [«], +201-8°, but this 
had diminished to +186-0° in seventy-two hours; the change i 
even more marked in benzene solution, the initial rotation d 
+169-5° decreasing to +80-8° in twenty days. These as well # 
other remarkable properties of hydroxymethylenecamphor made it 
very desirable to prepare and investigate hydroxymethylene 
epicamphor, and indeed there is sufficient difference between the 
formule of the two substances 


CH,—CH—C:CH-OH CH,—CH—CO 
(Me, | and | (Me, | 
CH,—CMe-CO CH,—(Me-C:CH-0H 


Hydroxymethylenecamphor. Hydroxymethylene-epicam phor. 


—containing, as they do, the dissimilar reactive groupings 
>CH-C:CH-OH and >CMe-C:CH-OH—to make it probable thi! 
the two substances might exhibit widely differing properties. Th 
has, in fact, been found to be the case. Hydroxymethylene! 
epicamphor is readily prepared from /-epicamphor by treatmel! 


with isoamyl formate and sodium in the presence of ether; its 
readily volatile in steam, melts at 89°, and gives a violet coloratiol 
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when ferric chloride is added to its alcoholic solution. It exhibits 
mutarotation to a slight extent only, and that in an opposite sense 
to the mutarotation of hydroxymethylenecamphor, for, whereas 
the rotation of the solutions of the latter decreases very markedly 
om keeping, the rotation of solutions of hydroxymethylene-epi- 
camphor increases somewhat on standing, and especially when a 
trace of sodium ethoxide is added. Thus, if hydroxymethylene- 
epicamphor is steam distilled, rapidly dried, and dissolved in benzene, 
the solution has [«], —125-5°, and this value rises to — 130-5° after 
twenty-four hours. 

If the specimen examined has been kept for a fortnight and is 
then dissolved in benzene, the initial rotation is —131-1°, and 
this rises to —134-4° in seven days. A specimen three weeks old 
gave, in alcohol, [a], —138-8°, and this rose to —139-5° in ten 
hours; when, however, the alcoholic solution of this specimen 
was mixed with a trace of sodium ethoxide, the immediate rotation 
was —146-7°, and this had not changed at the end of twenty-four 
hours. Another striking difference in the hydroxymethylene 
derivatives of camphor and epicamphor is the fact that, whereas 
the former, as is well known, soon becomes yellow and viscous 
m standing, this change is very much less marked in the case of 
the epicamphor derivative. In some other respects, the two 
hydroxymethylene derivatives exhibit considerable similarity. 
Benzoyloxymethylene-epicamphor melts at 106° and the semicarbazone 
of hydroxymethylene-epicamphor at 197°, and these closely resemble 
the corresponding camphor derivatives, which melt at 120° and 
219° respectively. Hydroxymethylenecamphor combines readily 
vith amines with elimination of water, the grouping >C:CH-OH 
being changed to >C:CH-NHR, and several of these condensation 
products have been investigated by Pope and Read (loc. cit., p. 177). 
The optical properties of some of these substances are so remark- 
able that it was decided, in order to enable comparison to be made, 
‘o prepare the corresponding derivatives from hydroxymethylene- 
epicamphor. 


CO 
Aminomethylene-l-epicamphor, CsHy<b-cH-NH , obtained by 
° 2 


heating hydroxymethylene-epicamphor with aqueous ammonia, 
does not exhibit mutarotation, since, in benzene solution, the 
initial value, [a], —296-9°, does not change after twenty-four hours. 
On the other hand, we have found that aminomethylene-d-camphor 
tthibits marked mutarotation, a fact which does not appear to 
have been previously observed. In one experiment, the solution 
in benzene, examined immediately, had [«], +300-8°, and this 
value dropped to +218-6° in a week. 
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Anilinomethylene-l-epicamphor, ro crystal. 7 
lises in needles, melts at 101° and does not exhibit mutarotation, § (2- 
since the value in benzene solution, [«], —271-5°, did not change hye 
appreciably during twenty-four hours. y 

Anilinomethylene-d-camphor melts at 167—170° and exhibits § Tie 
slight mutarotation, the value in benzene solution diminishing from J 30, 
[x], +309-4° to +273-1° in twenty hours (Pope and Read, loc. cit,, § der 
p. 177). the 

8-Naphthylaminomethylene-|-epicamphor, C,H <0 mi 

7S 4 SCLCH-NH-CyoH,, § acic 
was prepared because Pope and Read (loc. cit., p. 178) had observed § fina 
that @-naphthylaminomethylene-d-camphor (m. p. 187°) exhibited J acid 
mutarotation to a remarkable degree; the solution in benzene gave, § leni 
at first, [«], +264-6°, whereas after twenty-four hours, this had § acti 
diminished to +10-1°. §-Naphthylaminomethylene-l-epicamphor | gene 
melts lower, namely, at 110° and has, in benzene solution, [«}, 
—202-5°, a value which rises to —222-5° in twenty-four hours, 
so that the mutarotation is not only slight but in the reverse direction 
to the striking mutarotation of the camphor derivative. 

Perhaps the most remarkable difference exhibited by the hydroxy- 
methylene derivatives of camphor and epicamphor is in their 
behaviour towards phenylhydrazine. Bishop, Claisen, and Sinclair 
(Annalen, 1894, 281, 352) made the observation that hydroxy- 
methylenecamphor combines very readily with phenylhydrazine to 
yield the phenylpyrazole, 

: ' ee | 
C,H x ) a-() 
8 WS G.N(C,H,)N , yr 
when the substances are mixed in acetic acid solution and heated J The 
on the steam-bath. In the case of hydroxymethylene-epicamphor, of the 
we were unable to bring about this condensation, the hydroxy- wheth 
methylene derivative remaining unchanged in circumstances which series 
readily led to condensation in the case of the camphor derivative. ® the 
It is very difficult to understand why there should be this striking illowe 
difference. The 
acid pl 

II. Epicampholenonitrile and Epicampholenic Acid. 

Probably no series of changes in the camphor group are more 
interesting or have been found more difficult of interpretation than 
the conversion of camphoroxime into «-campholenonitrile and « 
campholenic acid, followed by the change of this acid into §-caM-¥ inj tp 


pholenic acid. Nigeli (Ber., 1884, 17, 805) and, almost at the same 
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time, Goldschmidt and Zurrer (ibid., p. 2070) first showed that 
camphoroxime is converted by the action of dilute acids into 
(a-)eampholenonitrile, and they prepared the acid by prolonged 
hydrolysis of the nitrile. 

The whole subject was reinvestigated and much extended by 
Tiemann (Ber., 1895, 28, 1079, 2166; 1896,.29, 2613, 3013; 1897, 
30, 243, 328, 405, 594), who showed that two series of campholenic 
derivatives must be recognised, which he designated «- and B-, 
the former being optically active, whilst the latter are not. Tie- 
mann’s study of the oxidation products of «- and $-campholenic 
acid, combined with the elucidation of the structure of camphor, 
finally led to the configurations (IV) and (V) respectively for these 
acids. Several investigators have shown that in general «-campho- 
leniec derivatives may be converted into the 8-analogues by the 
action of strong mineral acids, and the mechanism of the change is 
generally represented as follows : 


CH,—CH—CH, CH,—CH CH, 


l 
| CMe, = CMe, | —— 
l 


20 | 
meal 
CH==CMe CO,H CH,—CMe-OH CO,H 

(IV.) 


CH,—CH CH, CH,—C——CH, 


| C(OH)Me | =HO | OMe 


CH,—CMe,  CO,H CH,—CMe, CO,H 
(V.) 


«Campholenic acid is an oil, distils at 163°/30 mm., and has 
[2], +10-9°, whereas 8-campholenic acid melts at 52° and is inactive. 

The remarkable series of changes which lead to the formation 
of the «- and $-campholenic acids made it desirable to ascertain 
vhether similar changes are capable of realisation in the epicamphor 
ries and we have investigated this complex matter as completely 
the difficulty of obtaining sufficient quantities of /-epicamphor 
illowed, but we recognise that our results are far from complete. 

The decomposition of J-epicamphoroxime by dilute sulphuric 
cid proceeds in a similar manner to that of camphoroxime : 


CH,—CH—C:N-OH CH=-CH CN 
| | 
CMe, | CMe, 
| ' 
CH,—CMe-CH, CH,--CMe—CH, 
Epicamphoroxime. Epicampholenonitrile (VI1.) 


ind the l-epicampholenonitrile obtained is an oil very similar to 
“tampholenonitrile in odour and in physical properties. It distils 
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at 145°/100 mm., has [«], —27-4°, and is hydrolysed to 1-«-epican. 
pholenic acid with even greater difficulty than in the case of the 
hydrolysis of «-campholenonitrile to the corresponding acid. 

l-«-Epicampholenic acid is an oil, distils at 166°/30 mm., and has 
[a], —38-4°. ‘ 


Attempts to Prepare $-Epicampholenonitrile. 


The conversion of «-campholenic acid into $-campholenic acid 
is illustrated above, and there seemed no reason why a similar 
process might not be realisable in the epi-series and result in the 
formation of 8-epicampholenic acid, thus : 

CH=-CH CO,H CH,—CH(OH) CO,H 
l 
| CMe, iin Sn 
l 
CH,—CMe—CH,, CH,—CMe-——CH, 
* * 
CH,—CHMe CO,H CH,—CMe CO,H 
| CMe(OH) | =o | CMe | 
! 
CH,—CMe——CH, CH,—CMe—CH, 
ss B-Epicampholenic acid. 


One difference in the two parallel intramolecular series of changes 
is at once obvious, namely, that, whereas the conversion of «- 
campholenic acid into the $-acid involves the disappearance of the 
asymmetric carbon atom and consequent loss of optical activity, 
this is not the case in the epi-series and therefore the «- and -epi- 
campholenic acids should both be optically active. In the hope 
of obtaining $-epicampholenic acid, epicamphoroxime was heated 
with hydriodic acid (D 1-7) for six hours and the nitrile produced 
was distilled, when it was found to have all the properties of the 
a-nitrile, that is, it distilled at 144—145°/100 mm. and had [¢] 
—26-6°. Other experiments, which need not be described in detail, 
did not give any indication of the formation of a $-isomeride, and 
it is clear that ®-epi-derivatives are not produced under conditions 
which:so readily lead to the formation of 8-campholenic derivatives. 


Oxidation of Epicampholenic Acid. 


a-Campholenic acid is characterised by the ease with which it 
breaks down on oxidation, yielding acids which furnish a cleat 
proof of its constitution. Thus, when oxidised with permanganate, 
it is converted into dihydroxydihydro-a-campholenic acid, which, 
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om further oxidation with chromic acid, yields isoketocamphoric 
acid and tsocamphoronic acid : 
CH,—-CH—-CH, CH, CH CH, 
| (Me, | ae | CMe, | — 
CH==CMe CO,H CH(OH)-C(OH)Me CO.H 
CH,-—CH——-CH, CH,—-CH——-CH, 
| (Me, | —> (Me, 


CO,H COMe CO,H CO,H CO,H CO,H 


Itseemed probable that the oxidation of epicampholenic acid would 
follow a similar course and yield dihydroxydihydroepicampholenic 
aid and methylisocamphoronic acid : 


(H==CH CO,H CH(OH)-CH(OH) CO,H 
| CMe, | > | (Me, | 
CH,--CMe—CH, CH,-—-CMe——-CH, 
CO,H CO,H CO,H 
| (Me, 


CH,—-CMe—-CH, 


Experiment showed, however, that this oxidation takes an un- 


expected course, and further work will be necessary before the 
mechanism of the degradation can be understood. During the 
wxidation of epicampholenic acid with permanganate, a beautifully 
crystalline lactone is formed, which melts at 80° and has [«], +45-8°. 
There can be little doubt that this substance is the lactone of hydroxy- 
leodihydroepicampholenic acid and has either the constitution 
CO-—CH—-O 
(Me, CO 
CH,—CMe—CH, 
(VII.) 

more probably, since the lactone does not combine with semi- 
wrbazide, the tautomeric formula containing the grouping 
CH:C(OH)-. The main products of the oxidation were syrupy 
itids which could not be obtained crystalline, and from the syrup 
il ester was prepared which distilled at 150—155°/10 mm., had 
it) +34-4° and, on hydrolysis, gave a syrupy ketonic acid (A), 
thich yielded a semicarbazone, C,,H,,0,N3, melting at 203°. 

The mixture of syrupy acids from the permanganate oxidation 
vas oxidised by chromic acid and the product esterified, when an 
ster, C,,H,,0,, was obtained which distilled at 185°/30 mm. 


. 
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and, on hydrolysis, yielded an optically active, monobasic acid 
CoH, 40, (B), ([¢]> +28-9°). 

The semicarbazone of this acid, C,,H,,0,Ng, crystallises well anj 
melts at 168°. It is probable that the acids (A) and (B) have the 
constitutional formule : 

CO—CH, CO,H CO-—CO CO,H 
l 
CMe, CMe, 
! | 
CH, —CMe—CH, CH,--CMe—CH, 
(A) (B) 
The following additional facts were ascertained during the investi- 
gation of epicampholenic acid. When epicamphoroxime is boiled 
with dilute acids, besides epicampholenic acid, a lactone, C,)H,,0,, 
is produced, which is a syrup, distils at 168°/30 mm. and has 
[x], —3-47°. There can be no doubt that this is dihydroepicampho. 
lenolactone (C), 
CH,—CH—-O CH,—CH—- CH, 
| OMe, CO | CMe, CO, 
1 ' 
CH,—CMe—CH, CH,—CMe—0 
(C) (D) 
and corresponds with dihydrocampholenolactone (D)) obtained by 
Tiemann (Ber., 1897, 30, 329) from the product of the action of 
mineral acids on camphoroxime. We have also prepared |-epi- 
camphylamine, by the reduction of epicampholenonitrile with 
sodium and alcohol; this base distils at 128°/100 mm., has [:}, 
+17-6°, and readily absorbs carbon dioxide from the air. This 
interesting base is obviously the counterpart in the epicamphor 
series of camphylamine, which Tiemann (Ber., 1896, 29, 3008) 
obtained from «-campholenonitrile by reduction with tin and 
hydrochloric acid. 
CH—CH CH,°NH, CH,-CH—-CH, 
l 
| CMe, | CMe, | 
l l 
CH,--CMe— CH, CH—CMe CH,'NH, 
Epicamphylamine (VIII.). Camphylamine. 


EXPERIMENTAL. 


Hydroxymethylene-|-epicamphor. 


Sodium (3 grams), granulated by melting under xylene and 
shaking vigorously, is washed with dry ether until free from xylene 
and then a solution of /-epicamphor (13 grams) in dry ether (80 ¢.c. 
is added. 
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The flask is connected with a reflux condenser, the whole thor- 
oughly cooled in ice and salt, and freshly distilled isoamy] formate 
(17 grams) slowly added through a tap-funnel. If the reaction 
does not start, the flask is warmed with the hand; it then proceeds 
evenly, enough heat being developed to keep the ether boiling. 
Mter twenty-four hours, the brown, viscid product is mixed with 
ice water (100 c.c.), the aqueous layer separated, and twice extracted 
with ether in order to free it completely from epiborneol and 
unchanged epicamphor. The dissolved ether is removed by passing 
air through the solution, which is then well cooled with ice, and 
30 per cent. acetic acid added until no more oil separates. The 
oil soon solidifies and is collected, left in contact with porous porce- 
lain until free from oil, and distilled in steam, when pure hydroxy- 
nethylene-epicamphor passes over as a colourless oil which soon 
wlidifies to a crystalline mass. After draining on porcelain and 
drying in a vacuum desiccator over sulphuric acid, the following 
analysis was made: Found : C=73-2; H=8-9. C,,H,,0, requires 
(=73-:3; H=8-9 per cent. 

Hydroxymethylene-l-epicamphor melts at 89° and has only a faint 
odour; it is readily soluble in the ordinary organic solvents and 
dightly soluble in hot water. Claisen (Annalen, 1894, 281, 314) 
observed that colourless hydroxymethylenecamphor gradually 
passes into a yellow, viscous modification, and hydroxymethylene- 
epicamphor exhibits a somewhat similar behaviour and also becomes 
amorphous. The change, however, is slower than in the case of 
the camphor derivative. A benzene solution of hydroxymethylene- 
epicamphor only slowly assumes a yellow colour when exposed to 
light, whereas a hydroxymethylenecamphor solution of equal 
concentration becomes a much deeper yellow in a shorter time. 


Optical Rotation of Hydroxymethylene-l-epicamphor. 


Hydroxymethylene-l-epicamphor is levorotatory and its muta- 
‘tation, although apparently real, is only slight compared with 
that exhibited by the camphor derivative. 

The following three sets of measurements were made. 


Specimen freshly steam-distilled. 


Weight in 20 c.c. 
of benzene. 
Gram. Time. 
0°1694 0 
1 hour 
6 ” 
24 


9 
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Specimen about a fortnight old. 


Weight in 20 c.c. 
of benzene. 
Gram. _ Time. 


0°1518 


Specimen about three weeks old (in alcohol). 


Weight in 20 c.c. 
of alcohol. 
Gram. Time. Ap [a], 
0°0852 0 —1-18° — 138°8° 
a 1 hour —1:18 — 138°8 
ie 8 « —1-19 —139°5 


After the addition of a trace of sodium ethoxide. 


Gram. Time. ” [a]. 
0-0852 0 - { — 146°7° 
24 hours —1°2! —146°7 


2 


9° 


Pope and Read (T., 1909, 95, 175) found that hydroxymethylene. 
camphor was dextrorotatory and that the rotation decreased 
markedly with time. 

The following is a typical set of the results that they obtained. 


Weight in 25 c.c. 
of benzene. 

Gram. ime. Gps [a]. 

0°1563 +2-12° + 169°5° 
+1°63 +130°4 
+1°15 + 92-0 
+1°10 + 88:0 
+101 + 80°8 


The change is rather less in alcohol. 

The mutarotation is thus in the opposite sense to that shown 
by the epicamphor derivative, and it appears that in the case o 
the latter the conversion of one tautomeric form into the other 
takes place only very slowly. 

An alcoholic solution of hydroxymethylene-epicamphor gives 4 
violet colour with ferric chloride, and reduces an ammoniaca § “*°°S 
solution of silver nitrate, with formation of a silver mirror. Al Po 
attempt was made to apply the latter reaction in order to get ang ” 
approximate idea of the relative amounts of the aldehyde form — 
present at equilibrium in alcoholic solutions of the camphor and ned 
epicamphor derivatives. 

CieH, 
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Equal weights (0-15 gram) of the two substances, both freshly 
steam-distilled, were placed in two similar, well-cleaned test-tubes 
and dissolved in equal weights of alcohol. Equal volumes of the 
same solution of (approximately decinormal) ammoniacal silver 
nitrate were then added from two burettes, and the two solutions 
allowed to stand at room temperature. The solution of the camphor 
derivative became dark at once, but that of the epi-derivative 
did not change appreciably for a considerable time. After one 
hour, the former had deposited a complete mirror, while the latter 
had merely become dark in colour. After three and a half hours, 
the latter had also deposited a uniform mirror. 

Since it may be assumed that, in the presence of the ammonia, 
the equilibrium mixture, in both cases, is attained very rapidly, 
the rate of reduction should be proportional to the concentration 
of the aldehyde form, present at equilibrium. 

The results appear to show that considerably more conversion 
into the aldehyde form takes place in solutions of the camphor 
than of the epicamphor derivative. 

It is possible that the comparative stability of the crystalline 
form of the epi-derivative and the slowness of colour change in 
its solutions are related phenomena. 


Benzoyloxymethylene-epicamphor. 


Hydroxymethylene-epicamphor (0-5 gram) was dissolved in 
d grams of 10 per cent. sodium hydroxide, and 0-6 gram of benzoyl 
chloride added. The benzoyl derivative separated on shaking as 
a pasty, white mass, quickly becoming powdery. It crystallised 
from high-boiling light petroleum in glittering plates which melted 
at 105—106° (Found: C=75-82; H=7-11. C,gH 0, requires 
C=76-05; H=7-04 per cent.). 

The corresponding camphor derivative melts at 119—120°. 


Hydroxymethulene-epicamphorsemicarbazone. 


Hydroxymethylene-epicamphor (0-5 gram) was dissolved in 
80 per cent. alcohol, semicarbazide hydrochloride (0-4 gram) and 
excess of sodium acetate added, and the whole digested on the 
water-bath for an hour. On diluting with water, the semicarbazone 
did not separate, but by slowly evaporating off the alcohol, it was 
deposited in faintly yellow flakes. The substance crystallised 
from hot alcohol in almost colourless, very small needles which 
melted with decomposition at 196—197° (Found: N=17-4. 
C,,H,,0,N, requires N=17-7 per cent.). 
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The corresponding camphor derivative melts at 219° and j 
almost insoluble in hot alcohol. 


Anilinomethylene-epicamphor. 


This condensation product was obtained as a rather oily precipi. 
tate when a solution of hydroxymethylene-epicamphor in methy| 
alcohol was mixed with the equivalent quantity of aniline dissolved 
in 30 per cent. acetic acid. Recrystallised from light petroleun 
of high b. p., it formed small, faintly yellow needles which melted 
at 101° (Found : N=5-50. C,,H,,ON requires N=5-49 per cent,), 

This substance does not show an appreciable mutarotation, as 
the following figures prove. 


Weight in 20 c.c. 
of benzene. 
Gram. Time. Ap: [a],- 
0:0685 0 — 1°86° — 271°5° 
2 hours —1°84 — 268°6 
i — 1°84 — 268°6 
= — 1°84 — 268°6 


Pope and Read (loc. cit., p. 177) found that the corresponding 
derivative of camphor had a small mutarotation. 
They obtained : Time 0, [«], +309-4°; 24 hours, [«], +-273-1°. 


8-Naphthylaminomethylene-epicamphor. 


This substance was prepared because Pope had shown that 
8-naphthylaminomethylenecamphor exhibited a very marked 
mutarotation. 

It separates at once as a copious crystalline precipitate when an 
alcoholic solution of hydroxymethylene-epicamphor is mixed with 
the corresponding quantity of 8-naphthylamine dissolved in 30 per 
cent. acetic acid. 

On recrystallisation from alcohol, pale yellow, silky needles were 
obtained, melting at 109—110° (Found : C=82-6; H=7-4; N=46. 
C,,H,,ON requires C=82-6; H=7-5; N=4-6 per cent.). 

Pope and Read (loc. cit., p. 178) found that the correspond- 
ing camphor derivative (m. p. 184—187°) exhibited a curious 
phenomenon. They state that “on dissolving 0-16 gram of the 
substance in 20 c.c. of benzene with the aid of heat and allow- 
ing to cool, the colourless solution deposits a white, crystalline 
material; this, however, immediately redissolves, yielding 4 
reddish-brown solution.” 

8-Naphthylaminomethylene-epicamphor does not show this 
behaviour. 
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For the mutarotation of $-naphthylaminomethylenecamphor 
they obtained the following remarkable figures : 

Time 0, [a], +264-6°. After 24 hours, [«], +10-1°. 

The following values for the mutarotation of 6-naphthylamino- 
methylene-epicamphor were obtained. 


Weight in 20 c.c. 
of benzene. 


Weight in 20 c.c. 
of alcohol 

(with trace of 
NaOEt). 


Gram. 
0°1153 
” 


” 


The benzene solution, when left in the light with a free air space 
above it, gradually acquires a reddish-brown colour. If kept away 
from the light, however, it remains practically unchanged over a 
long period. 


Aminomethylene-epicamphor. 


The amino-derivative can be readily obtained by heating hydroxy- 
methylene-epicamphor with five times its weight of aqueous ammonia 
(0-880) in a sealed tube at 100° for four to five hours. 

It forms a faintly yellow, crystalline mass, which crystallises 
from light petroleum in colourless needles melting at 122° (Found : 
N=7-8. C,,H,,ON requires N=7-8 per cent.). 

01064 Gram made up to 20 c.c. in benzene gave «, —3-16°, 
whence [«],, —296-9°, and the same value after twenty-four hours. 

The mutarotation of aminomethylenecamphor, which does not 
appear to have been previously investigated, was measured. It is 
fairly large and is of some interest, as the compound can be regarded 
as the simplest member of the various amino-derivatives investigated 
by Pope and Read. 

= specimen prepared melted at 155—156° and gave the following 
values : 

Weight in 20 c.c. 


of benzene. 
Gram. 


0°0924 
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Bishop, Claisen, and Sinclair (Annalen, 1894, 281, 352) foun 
that hydroxymethylenecamphor condensed with phenylhydrazin 
in acetic acid solution to give a phenylpyrazole (see p. 1092), reaction 
taking place between the phenylhydrazine and the aldehyde fom 
of hydroxymethylenecamphor. 

It is a curious fact that all attempts to obtain the corresponding 
phenylpyrazole from the epi-derivative failed. 

No such condensation took place, either in acetic acid solu. 
tion or when the dry materials were heated together, although 
check experiments with corresponding quantities of the camphor 
derivative confirmed Claisen’s result and gave a nearly quantitative 
yield of the pyrazole in every case. 

The negative result is explicable if it is assumed that only the 
aldehyde form can condense, and that none of this form is present 
in the acid solution. It is difficult to conceive, however, why the 
ketonic form itself should not react readily with phenylhydrazine. 


|-Epicampholenonitrile (Formula V1). 


In preparing this substance, 15 grams of epicamphoroxime 
(compare T., 1913, 103, 2208) are added to 100 c.c. of 20 per cent. 
sulphuric acid, and the mixture heated for two to three hours 
on the water-bath. The oxime dissolves fairly rapidly and oily 
drops separate. After two hours there is an upper layer of oil, 
and the solution clouds on cooling. The oil is extracted with ether, 
the ethereal solution washed with dilute sodium carbonate solution, 
and dried over potassium carbonate. 

On fractionation, almost the whole quantity distils at 14— 
146°/100 mm. as a colourless, strongly refracting oil, with a smell 
similar to that of campholenonitrile. 

2-0847 Grams made up to 20 c.c. in ethyl acetate gave «, —505’, 
whence [«], —24-2°. 

If the material is contaminated, as is probable, with epicamphor- 
oxime, this rotation value will be too low, because 1-epicamphor- 
oxime is dextrorotatory. Any oxime can be removed by shaking 
the oil (not the ethereal solution) with dilute sulphuric acid; after 
thorough shaking with several fresh quantities of dilute acid, 
drying, and redistilling, it was found that 1-7308 grams in 20 c-. 
of ethyl acetate gave «, —4-75°, whence [«], —27-4°. 

Since further washing did not raise the value of the rotation, 
the latter is probably a good approximation to the true value. 

Epicampholenonitrile boils at 145°/100 mm. and at 214°/754 mm. 
(Found: C=80-1; H=10-2; N=9-2. C,)H,,N requires C=80°5; 
H=10-1; N=9-4 per cent.). 
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The density of the nitrile was found to be 0-921/15° compared 
with water at the same temperature, and the refractive index 
ny 14732. 

"«-Campholenonitrile boils at 226—227°/760 mm. and 152— 
153°/100 mm. and has [«], -++7-3°, n) 1-4665 and d 0-910. 


d-Epicampholenonitrile. 


This d-nitrile was similarly prepared, starting from d-epicamphor- 
oxime. It distilled at 146—147°/100 mm. 

0-7226 Gram made up to 20 c.c. in ethyl acetate gave a, +1-89°, 
whence [«],, +26-2°. 


1-Epicampholenic Acid. 


It has often been observed that «-campholenonitrile is extremely 
dificult to hydrolyse, and this difficulty is even more pronounced 
in the case of the epi-derivative. 

Five grams of the nitrile were heated for three days under reflux 
vith alcoholic potassium hydroxide, when, on adding water, the 
nitrile separated practically unchanged and distilled at 146— 
148°/100 mm. 

In this respect it differs markedly from «-campholenonitrile, 
which is largely converted to the amide by hydrolysis for six hours 
under these conditions. 

The nitrile was then heated for ten days in a sealed tube at 100° 
with a large excess of methyl-alcoholic potassium hydroxide. The 
wlution smelt strongly of ammonia and hydrolysis appeared to be 
complete, since on adding water, except for a slight milkiness, 
wthing separated. The alkaline solution was extracted with ether 
0 remove any nitrile or amide and then evaporated with water 
intil free from methyl alcohol. On acidifying, the acid separated 
san extremely viscous, yellow oil, which was extracted with ether 
and dried over calcium chloride. 

The material so obtained may be contaminated with orydihydro- 
‘picampholenic acid (compare Tiemann, Ber., 1895, 28, 1079, 2076) 
and almost certainly with dihydroepicampholenolactone (see below). 

The crude material was warmed for a short time with dilute 
‘ulphurie acid, to convert any hydroxy-acid present into lactone 
ind then taken up with ether, and the ethereal solution was dried 
und saturated with dry ammonia. The ammonium salt separated 
it once in the form of thin, white leaflets, which were extremely 
lygroscopic, and was filtered off and decomposed with dilute 
‘ulphuric acid. 

The acid so obtained is a colourless, rather viscous oil distilling 
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at 166°/30 mm. or 181°/100 mm. (Found: C=70-9; H=94 
C,9H,,0, requires C=71-4; H=9-5 per cent.). 

0°8542 Gram in 20 c.c. of ethyl acetate gave «, —3-38°, whence 
[x], —38-4°. 

Campholenic acid boils at 258—260° or at 163°/30 mm. and has 
[x], +10-9° (van Kregten, Rec. trav. chim., 1916, 36, 64). 


d-Epicampholenic Acid. 


The dextro-acid was obtained by the hydrolysis of the dextro. 
nitrile. It had b. p. 164—165°/30 mm. and gave [«], +39-2° in 
ethyl acetate. 


Dihydroepicampholenolactone (Formula C). - 


The whole of the ethereal filtrates, from which the ammoniun 
salt of J-epicampholenic acid had been precipitated, was again 
treated with ammonia to remove the last traces of acid, washed 
with dilute acid to remove dissolved ammonia, and then dried. 
On distilling off the ether, an inodorous oil was obtained, which 
differed greatly from epicampholenic acid in viscosity. It distilled 
at about 168°/30 mm., but as the quantity of material was small, 
this cannot be taken as exact (Found : C=70-7; H=9-3. Cy, H,,0, 
requires C=71-4; H=9-5 per cent.). 

0-7480 Gram in 20 c.c. of ethyl acetate gave «, —0-26°, whence 
[a], —3-47°. 

There can be little doubt that this neutral oil consists of dihydro- 
epicampholenolactone. 


dl-«-Campholenic Acid. 


Although the d- and /-modifications do not crystallise, it was 
thought possible that the dl-modification of epicampholenic acid 
might be obtained crystalline. In order to ascertain whether this 
would probably be the case, the behaviour of dl-«-campholeni¢ 
acid, which has not been previously described, was first investigated. 

The following new substances were therefore prepared, starting 
from /-camphor. 

(1) l-«-Campholenonitrile, which had b. p. 153°/100 mm. 

(2) l-«-Campholenic acid, which had b. p. 155°/20 mm. 

(3) dl-«-Campholenic acid, which had b. p. 169°/40 mm. and 
did not crystallise after distillation. 

This series of experiments indicated that it was unlikely tha 
dl-epicampholenic acid would crystallise, and therefore no attemp! 
was made to prepare the dl-modification. 
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1-Epicamphylamine (Formula VIII). 


This derivative is fairly readily obtained by reduction of l-epi- 
campholenonitrile. 

The nitrile (5 grams) was dissolved in ten times its weight of 

ethyl alcohol and reduced with metallic sodium (5 grams). The 
dight excess of sodium was decomposed by the addition of ice and, 
after adding water, the solution was neutralised with dilute hydro- 
chloric acid and unchanged nitrile extracted with ether. The 
aqueous solution, which contained the hydrochloride of the base, 
was concentrated to a small bulk, rendered strongly alkaline, and 
steam distilled. A colourless oil was thus obtained, which had 
a strong smell, resembling that of a higher aliphatic amine. The 
yield was about 50 per cent. 
" -Epicamphylamine boils at 127—128°/100 mm. and absorbs 
carbon dioxide from the air, with formation of a solid carbonate 
(Found: C=78-07; H=12-26; N=9-08. Cj, H,,N requires 
(=78-43; H=12-42; N=9-15 per cent.). 

1-2900 Grams made up to 20 c.c. in benzene gave a, +2-26°, 
whence [a], +17-6°. 

The hydrochloride is hygroscopic and very soluble in water. 
It gradually turns brown on preservation. 

The corresponding «-camphylamine boils at 194—196°/760 mm. 
and has [«], +6° (compare Goldschmidt and Schulhof, Ber., 1886, 
19,708; Tiemann, Ber., 1896, 29, 3008). 


Oxidation of Epicampholenic Acid with Permanganate. 


l.Epicampholenic acid (10 grams) was dissolved in dilute sodium 
carbonate solution and oxidised at 0° with dilute permanganate 
until the colour just remained, a current of carbon dioxide being 
passed the whole time. The product was then warmed at about 
0°, filtered, and the filtrate and washings of the manganese preci- 
pitate concentrated to a small bulk on the water-bath. On satur- 
ating the yellow, alkaline solution with ammonium sulphate, a 
colourless substance (K) separated in very small needles. After 
filtering from this and extracting with ether, the filtrate was acidified 
with dilute hydrochloric acid, when a very viscous, pale yellow oil 
was deposited, which was extracted with ether and the extract 
dried over calcium chloride. After evaporating, about 6 grams 
ofa pale yellow syrup remained, which showed no signs of crystal- 
lsation after remaining several days in a vacuum over sulphuric 
acid at 0°. 

02420 Gram made up to 20 c.c. in benzene gave «, +4-60°, 
whence [«],, +190-1°. 
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The acid was then converted into the ethyl ester by boiling with 
ethyl alcohol and sulphuric acid and this ester distilled at 150~ 
155°/10 mm. and had [«], +34-4° in acetone, whilst the analytical 
results indicated that it consisted mainly of the monoketonic ester, 

The ester was then hydrolysed with dilute methyl-alcoholic 
potassium hydroxide, the acid being recovered as a very viscous 
gum, which, however, did not crystallise. When the sodium salt 
was treated with an excess of semicarbazide hydrochloride and 
warmed, a semicarbazone separated in brown flakes which were 
contaminated by traces of oily material. After filtering, washing 
with dilute sodium carbonate solution, and recrystallising from 
alcohol, it melted at 202—203° with decomposition (Found : C= 
54:74; H=7-69. The semicarbazone of the monoketonic acid 
[C,,H,,0,N3, p. 1096] requires C=54-77; H=7-88 per cent.). 

The substance (K), which had separated from the alkaline solu. 
tion after the oxidation with permanganate (see above), was first 
freed from admixed ammonium sulphate by extraction with chloro. 
form, in which it is very soluble, and, after removing the chloroform 
in a vacuum, was recrystallised from very dilute alcohol. It formed 
long needles which melted sharply at 80° (Found: C=65-99; 
H=7'8. Cy, 9H,,0, requires C=65-93; H=7-7 per cent.). 

0-2141 Gram in 20 c.c. of ethyl acetate gave ~,, -|-0-96°, whence 
[a], +45-8°. 

This lactone of hydroxyketodihydroepicampholenic acid (formula 
VII) is volatile in steam and somewhat soluble in water; it is 
readily soluble in boiling light petroleum, and separates splendidly 
in long needles like phthalic anhydride. It is insoluble in dilute 
ammonia, but dissolves readily in sodium hydroxide solution on 
warming, the clear solution becomes milky on acidifying, and the 
lactone soon separates in crystals. The solution in dilute sodium 
hydroxide readily reduces permanganate to manganate. The 
lactone separates unchanged from the solution in semicarbazide 
acetate and does not appear to yield an acetyl derivative on boiling 
with acetyl chloride for half an hour. 


Oxidation of the Acid, obtained by the Permanganate Oxidation of 
1-Epicampholenic Acid, with Chromic Acid. 


Eight grams of this crude acid were dissolved in 200 c.c. of warm 
water and oxidised with 13 grams of potassium dichromate and 
20 grams of concentrated sulphuric acid on a boiling-water bath. 
Oxidation was slow at first, but rather more rapid later and, when 
cold, the solution was saturated with ammonium sulphate and 
extracted several times with ether. In this way a brown gum was 


dilute 
m on 
d the 
dium 

The 
azide 
oiling 


on of 


DERIVATIVES OF SULPHUR IN COMMERCIAL SALVARSAN. PARTI. 1107 


obtained, which could not be induced to crystallise. The acid 
was therefore not analysed but converted at once to the ethyl 
ester, the main fraction of which boiled at 183—185°/30 mm. 


‘B(Found : C=64:35; H=8-13. The ester, C,,H,,0,, of the diketo- 


acid [p. 1096] requires C=63-77 ; H-=7-94 per cent.). 

On hydrolysis with hydrochloric acid, the acid was recovered 
as a viscous, brown gum, which, after standing over calcium chloride 
for some days in a vacuum, set to a resin, but did not crystallise. 

On titration, 1-0135 grams required 0-2076 gram of NaOH for 
neutralisation, whereas this quantity of the diketo-acid, C,)H,,0, 
(monobasic), should neutralise 0-2047 gram of NaOH. 

The acid is optically active; 0-2522 gram in 20 c.c. of ethyl 
acetate gave a, -+0-73°, whence [«], +28-9°. 

When the sodium salt of the acid was warmed with an aqueous 
solution containing a slight excess of semicarbazide hydrochloride 
the semicarbazone separated on cooling in yellow flakes. 

After recrystallisation from hot water, it was almost colourless 
and melted at 168° (Found: C=51-97; H=6-59. The mono- 
semicarbazone, C,,H,,0,N;, of the diketo-acid requires C=51-76; 
H=6-66 per cent.). 

An attempt was made to obtain the disemicarbazone by heating 
the monosemicarbazone with semicarbazide hydrochloride and 
sodium acetate, but although a small quantity of a substance of 
higher m. p. (189—191°) was isolated, the amount obtained was 
not sufficient for analysis. 


One of us (A. F. T.) wishes to make acknowledgment to the 
Royal Commissioners for the Exhibition of 1851 for a scholarship, 
with the aid of which this research has been carried out. 


Tae Universiry CHEMICAL LABORATORIES, 
OXFORD. [Received, June 7th, 1921.] 


CXXI1.—Derivatives of Sulphur in Commercial 
Salvarsan. Part I. 


By Harotp Kine. 


Taz biological testing of commercial samples of salvarsan has 
rvealed the great difficulty which the manufacturers have to face 
i the variable toxicity of their preparations. The two main 
ketors which contribute to this variation in toxicity, and therefore 
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in homogeneity, are, in the first place, the amorphous or doubtfully 
crystalline nature of the substance, rendering purification difficult, 
and, secondly, the use of sodium hyposulphite in the reduction 
process. 

Fargher and Pyman (T., 1920, 117, 373) made the highly inter. 
esting and important observation that methyl-alcoholic solutions 
of commercial salvarsan deposit a substance which they regarded 
as the monohydrochloride of the monosulphamic acid of 3:3. 
diamino-4 : 4’-dihydroxyarsenobenzene (I). 


NH,,HCl — NH-SO,H NO, 


OHK >AsiAsC OH OHK YAsOgH, 
(I.) (I1.) 


They also adduced evidence that the sulphur enters the molecule 
during the first stage of the reduction process, namely, the reduction 
of the nitro-group of 3-nitro-4-hydroxyphenylarsinic acid (II) by 
the hyposulphite, but they state that they were unable to isolate 
the substance containing sulphur as an arsinic acid. 

During the examination of some samples of commercial salvarsan 
for the Salvarsan Committee of the Medical Research Council the 
present author came across an abnormal commercial sample which, 
when dissolved in methyl alcohol, gave a 24 per cent. yield of a sub- 
stance agreeing analytically with Fargher and Pyman’s findings. 
This seemed to indicate that, under suitable conditions, one ought 
to find a 10 per cent. yield of the sulphur-substituted phenylarsinic 
acid in the reduction of the nitrohydroxy-acid. A careful examin- 
ation was accordingly made of the reduction of 3-nitro-4-hydroxy- 
phenylarsinic acid (II) to the corresponding amino-acid by sodium 
hyposulphite. The chief reduction products which have so far 
been found and identified are 3-amino-4-hydroxyphenylarsinic acid 
as the main product, 3-amino-4-hydroxy-5-sulphinophenylarsini 
acid (III) and its corresponding arseno-derivative, 3 : 3’-diamino- 
4: 4’-dihydroxy-5 : 5’-disulphinoarsenobenzene (IV). 

NH, NH, _ NH, 

OHK >As03H, ous _ DAstAs( OH 
SO,H SO,H SO,H 
(IIL) (IV.) 


This sulphinic acid * arises constantly under the conditions of the 


* The possibility that this substance is 3-amino-4-hydroxy-5-sulphophens! 
arsenious acid seems to be negatived by the analyses of the corresponditg 
arsenobenzenes (IV) and (VII), by the different toxicities of these arsene 
benzenes and by the parallelism between the solubility in water of thi 
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reduction as described in the experimental part, to the extent of 
(0 gams from 106 grams of the original nitrohydroxy-acid. This 
in itself would be sufficient to account for the whole of the sulphur 
content of many specimens of salvarsan. The corresponding di- 
alphinoarseno-derivative arises in much smaller proportions, the 
amount increasing at the expense of the sulphinoarsinic acid with 
rise of temperature. There is some evidence of the formation of 
the mixed arseno-derivative at the same time. The pure sulphino- 
asinic acid can be reduced to its corresponding disulphinoarseno- 
benzene (IV) by sodium hyposulphite, but better by hypophos- 
phorous acid at 100°. The product agrees in its properties with 
the disulphinoarsenobenzene referred to above and produced in the 
reduction of nitrohydroxyphenylarsinic acid. The mixed arseno- 
benzene, 3 : 3’-diamino-4 : 4’-dihydroxy-5-sulphinoarsenobenzene mono- 
lydrochloride (V), has been prepared by reduction of an equimolecular 


NH, NH,,HCl 
OHE YAsiAs OH 
SO,H _ 
(V.) 
nixture of the parent aminohydroxyphenylarsinic acid and its 
jsubstituted sulphinic acid, both by sodium hyposulphite and by 
lypophosphorous acid. This is the substance which is the main 
impurity in commercial salvarsan, and represents in a pure form 
me of the constituents of the substance which Fargher and Pyman 
irst isolated by reason of its sparing solubility in methyl alcohol. 
3-Amino-4-hydroxy-5-sulphinophenylarsinic acid, on oxidation 
vith a 3 per cent. solution of hydrogen peroxide in the calculated 
mount, passes smoothly and without concomitant indophenol 
frmation into 3-amino-4-hydroxy-5-sulphophenylarsinic acid (V1), 
an acid which has also been isolated by the oxidation of the con- 
itituent of salvarsan which is insoluble in methy] alcohol. 
NH, NH, _NH, 
OHY AsO,H HX  AsiAsf SOH 
a. sO,H, O <_)AS x7? 
SO,H SO,H SO,H 
(VI.) (VIL) 


ulphinic acid and the corresponding sulpho-acid (VI), and the solubility in 
‘ater of aromatic sulphinic and sulpho-acids in general. The solubility of 
the oxide, on the other hand, might be expected to be greater than that of 
the sulpho-acid (VI), as its nearest analogue, 3-amino-4-hydroxyphenyl- 
usenious oxide, is more soluble than its corresponding arsinic acid. Experi- 
ments on the preparation of 3-amino-4-hydroxy-5-sulphophenylarsenious acid 


for direct comparison are in progress. 
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This acid, on reduction with hypophosphorous acid at 55°, gives 
3: 3° -diamino - 4 : 4’ - dihydroxy-5 : 5’-disulphoarsenobenzene (VII) 
Reduction of an equimolecular mixture of the sulphonic acid an 
3-amino-4-hydroxyphenylarsinic acid with hypophosphorous acid 
at 60° gave the pure mixed arseno-derivative, 3 : 3’-diamino-4 : 4’. 
dihydroxy-5-sulphoarsenobenzene monohydrochloride, which may als 
be a constituent of the substance from salvarsan insoluble in methy| 
alcohol, whilst a mixture of the sulphonic and sulphinic acids jp 
molecular proportions gave 3 : 3’-diamino-4 : 4’-dihydroxy-5-sulpho. 
5’-sulphinoarsenobenzene on reduction with the same reagent 
at 100°. 

The position of the sulphinic or sulphonic acid group follows from 
the conversion of 3: 3’-diamino-4 : 4’-dihydroxy-5 : 5’-disulpho. 
arsenobenzene, by hydrolysis by Karrer’s method (Ber., 1915, 48, 
1058), into an o-aminophenolsulphonic acid, which differs from the 
two known o-aminophenolsulphonic acids, which contain the 
sulpho-groups para to the amino- or hydroxyl-groups. Experiments 
designed to fix the position with complete certainty are in 
progress. 

The exclusive formation of a mixed arsenobenzene by the redue- 
tion of an equimolecular mixture of phenylarsinic acids, when a 
mixture of the three arsenobenzenes might be expected, has never 
been satisfactorily explained. The experiment herein described of 
the reduction of an equimolecular mixture of 3-amino-4-hydroxy-i- 
sulphinophenylarsinic acid and 3-amino-4-hydroxyphenylarsinic 
acid furnishes a clue. When the latter acid is reduced by hypo- 
phosphorous acid at 60°, the reagents are in solution throughout 
and the resulting salvarsan base is isolated by addition of sodium 
hydrogen carbonate. When the former acid, which is insoluble 
in water, is reduced by hypophosphorous acid at 100°, reduction 
to the arsenobenzene, which is also insoluble in this medium, takes 
place through the medium of the solvent by virtue of the small 
solubility of the arsinic acid. When the equimolecular mixture of 
the two acids, one of which is soluble, the other insoluble, is reduced, 
there is a quantitative formation and separation from the solution 
of the pure, insoluble, mixed arseno-derivative. It is evident that 
‘the controlling factor is the smaller solubility of the mixed arseno- 
benzene. It is probable that all three arsenobenzenes are formed 
early in the reduction through combination of the free arseno- 
radicles * PhAs<, which probably exist to a minute amount I 
the solution in presence of the powerful reducing agent, but the 


* Fargher’s interpretation (T., 1920, 117, 867) of how a mixed arseno- 
benzene is formed at all seems unnecessarily complicated ; the major difficulty, 
as to why it is formed exclusively, is left unexplained. 
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mixed arsenobenzene, being the least soluble, final product of 
combination of these radicles, is removed from the sphere of action, 
and is continually formed at the expense of the other arseno- 
derivatives or radicles, again by means of the minute true solubility 
of these in the solvent. 

I am indebted to my colleagues, Dr. J. H. Burn, Miss F. M. 
Durham, and Miss J. Marchal for a comparison of the relative 
dficacy of some of the arsenobenzenes described in this communi- 
cation, with a pure sulphur-free salvarsan prepared by hypophos- 
phorous acid. The maximum tolerated and the minimum lethal 
dose were determined by intravenous injection into mice, and the 
ninmum curative dose by intravenous injection into mice infected 
with Trypanosoma equiperdum. 'The results obtained are tabulated 
below and are expressed in milligrams per gram of mouse. 


Dosis Dosis Dosis 
Letalis. Tolerata. Curativa. C/T; 
Disulphino-derivative (IV.) y 009 =—>0°06 -— 
Disulpho-derivative (VIT.) ‘ 0-06 >0°05 a 
Monosulphino-derivative * (V.) , 0-09 0°02 1/4°5 
falvarsan (hypophosphorous) ; 0-175 0-013 1/13°5 


Areduction of the basic property of the salvarsan molecule by the 
introduction of a sulphinic or sulphonic acid group has a dysthera- 
peutic effect, the effect on the toxicity of the sulphonic acid group 
hing somewhat greater than that of the sulphinic. The effect 
is not, however, so marked as that of the carboxyl group in 
):5'-diamino-4 : 4’-dihydroxyarsenobenzene-2 : 2’-dicarboxylic acid 
(Karrer, Ber., 1915, 48, 1058), which has a toxic dose of 0-03 mg. 
per gram of mouse. 

The evidence, so far as it goes, shows that the presence of the 
monosulphinoarsenobenzene in commercial salvarsan does not 
tontribute to the efficacy of this preparation. 


EXPERIMENTAL. 


Keduetion of 3-Nitro-4-hydroxyphenylarsinic Acid with Sodium 
Hyposulphite : Isolation of 3-Amino-4-hydroxy-5-sulphinophenyl- 
arsinic Acid, and 3: 3’-Diamino-4 : 4’-dihydroxy-5 : 5’-disul- 
phinoarsenobenzene. 


_3Nitro-4-hydroxyphenylarsinic acid (106 grams) was dissolved 

in 800 ¢.c. of N-sodium hydroxide solution in a thin-walled vessel 

aid the solution was mechanically stirred and cooled to —2°. A 

preliminary experiment on a small-scale batch having determined 
VOL. OXIX. QQ 
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the minimum quantity of sodium hyposulphite required to decoloriy 
the nitrohydroxy-acid, the calculated quantity was added in foy 
equal portions. For a good commercial sample of sodium hypo 
sulphite 216 grams were required. The temperature before eac| 
addition of hyposulphite was lowered to —2°, the successive addi 
tions of hyposulphite generally raising the temperature to betwee 
5° and 10°, depending on the efficiency of the stirring and cooling 
arrangements. On continuing the stirring for an hour or mor 
after the last addition of hyposulphite, 3-amino-4-hydroxypheny! 
arsinic acid separated in quantity, and to complete the separatio 
the solution was kept in the ice-chamber overnight. The crystal 
were collected and amounted when dry to 48 grams. 

The filtrate was made slightly acid to Congo-paper by the addition 
of 120 c.c. of concentrated hydrochloric acid and kept at 0° 
below for about a week, when a mixture of three substances Separ. 
ated, sodium sulphate, 3-amino-4-hydroxy-5-sulphinophenylarsini 
acid, and its corresponding arseno-derivative. These were separated 
as follows. The solids were collected by filtration, suspended i 
100 c.c. of water and warmed with stirring to 40°, when all the 
sodium sulphate dissolved. The undissolved solids, when collect 
and dried, amounted to 13-6 grams. A perfect separation of th 
two components of this mixture was effected by suspending i 
80 c.c. of water, and adding 2N-ammonia (25 c.c.) until all passed 
into solution. On addition of 10 c.c. of 4 per cent. calcium chloride 
solution and thorough mixing, the calcium salt of the arseno-acid 
was quantitatively precipitated as a gelatinous, yellow mas, 
which carried down with it a certain amount of the soluble calcium 
salt of the arsinic acid. The solution was centrifuged and the 
slightly tinted, water-bright, supernatant fluid syphoned off and 


acidified to Congo-paper with hydrochloric acid, when pure 3-amine- 


4-hydroxy-5-sulphinophenylarsinic acid separated. The gelatinous 
calcium coagulum was resuspended in recently boiled water, wel 
stirred, and again centrifuged. The supernatant fluid, on separaticl 
and acidification, gave a second crop of the pure acid. The treat- 
ment was repeated so long as any acid separated on acidification, 


usually three extractions being required in all. The crops of ail 
were combined and, when air-dried, amounted to 9-3 grams. The 


gelatinous calcium salt of the arseno-benzene was suspended it 
air-free water and acidified with hydrochloric acid. The gelatinow 
acid was obtained by centrifuging and resuspending in fresh wate 
so long as there was any chloride left in the supernatant fluid 
When all precipitating ions are removed, the free acid tends t 
pass into colloidal solution. The gelatinous solid was dried in! 
vacuum over sulphuric acid and amounted to 2-75 grams. 
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3:3'-Diamino-4 : 4’-dihydroay-5 : 5’-disulphinoarsenobenzene, pre- 
pared in this way, is obtained in dark brown, brittle masses still 
raining several units per cent. of water, which is almost com- 
jtely removed by powdering and further drying. The finely 
found product is a fawn-coloured substance insoluble in acids, 
jut readily soluble in strong or weak alkalis (Found: N=5-7 *; 
s=119; As=29-6.7 C,.H,,0,N,S,As, requires N=5-7; S=13-0; 
4s=30-3 per cent.). The somewhat low sulphur content which 
ws consistently observed in several preparations is probably due 
to the presence of the mixed arseno-derivative. In its properties 
itagrees substantially with the synthetic product prepared by the 
miuction of the pure 3-amino-4-hydroxy-5-sulphinophenylarsinic 
acid. 

Properties of 3-Amino-4-hydroxy-5-sulphinophenylarsinic Acid 
(lll)—This acid is almost insoluble in water and crystallises on 
idification of solutions of its salts in minute, elongated plates 
vith pointed ends. It remains white and apparently unchanged 
nt 280°. It is insoluble in acids, but dissolves with the production 
fa bright yellow colour on addition of sodium nitrite, and then 
uples with alkaline $-naphthol with the production of a deep 
teddish-brown, soluble dye. The sulphur is not removed by 
lating with alkaline lead acetate solution, and the acid is remark- 
bly stable to boiling dilute sodium hydroxide solution. The acid, 
hen dissolved in dilute ammonia, gives no precipitate with lithium 
iloride, calcium chloride, or magnesia mixture in cold or hot 
lution, but gives an immediate heavy precipitate of sphezro- 
ystals on addition of barium chloride solution at room tem- 
erature. Under comparable conditions, the parent acid, 3-amino- 
Hiydroxyphenylarsinic acid, shows an identical behaviour to 
ittous acid and alkaline 8-naphthol, gives, however, a beautifully 
ystalline lithium salt in boiling ammoniacal solution, a crystalline 
cium salt under the same conditions, and a microcrystalline 
lagnesium salt. With barium chloride there is slight precipitation. 
oth acids reduce ammoniacal silver nitrate solution in the cold 
istantaneously to metallic silver, but only the sulphinic acid 
keolorises iodine solution, two atoms being consumed. Thus, 
71 gram of the dried acid decolorised 20-25 c.c. of N /10-iodine, 
hereas 20 ¢.c. are required by theory (Found : Joss in a vacuum= 
%, 22. CgH,O,NSAs,}H,O requires H,O=2-9. Found: — in 
ried material, N=4-7; As=25-2; S=10-9. C,H,O,NSAs requires 
=47; As=25-2; S=10-7 per cent.). 


* . . . = ® 
All nitrogen estimations were made by the Kjeldahl-Gunning process. 
; : , . ; 
All arsenic estimations were made by Lehmann’s method except where 


QQ2 
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Oxidation of 3-Amino-4-hydroxy-5-sulphinophenylarsinic Acid tp 
3-Amino-4-hydroaxy-5-sulphophenylarsinic Acid (V1). 


The choice of suitable oxidising agents is limited owing to th 
reactive o-aminophenol group, thus permanganate and sodium 
N-chloro-p-toluenesulphonamide proved inapplicable. The calcu. 
lated amount of iodine oxidises the sulphino-acid quantitatively to 
the sulpho-acid, but the product is difficult to isolate completely. 
By use, however, of the calculated amount of 3 per cent. hydrogen: 
peroxide solution, the reaction proceeds quantitatively. 

Ten grams of the sulphinic acid were treated with 36 c.c. of 
3 per cent. hydrogen peroxide solution. The temperature of the 
suspension was raised to 40°, when the oxidation proceeded rapidly 
and exothermally, the temperature rising to 78° with dissolution 
of the sulphinic acid as the readily soluble sulphonic acid, whieh 
crystallised out on keeping in large, well-formed crystals. The 
yield was almost quantitative. 

3-Amino-4-hydroxy-5-sulphophenylarsinic acid differs from the 
sulphinic acid and the parent 3-amino-4-hydroxyphenylarsinic acid 
in many respects. The reactions of the latter acids, for comparison, 
are given above. The sulphonic acid decomposes at 258° (corr), 
It is soluble in four times its weight of boiling water. With nitrow 
acid it gives a deep yellow colour and couples with alkaline $-naphthol 
with production of a deep reddish-brown, soluble dye. It reduces 


ammoniacal silver nitrate solution instantaneously. Its amffiodi 


moniacal solution, on heating, gives a crystalline calcium salt om 
addition of calcium chloride, and a white precipitate with magnesi 
mixture. The reaction with barium chloride is characteristic. 
Addition of the reagent in excess precipitates an oil which dissolves 
on heating, and on boiling gently a barium salt separates in rosettes 
of crystals. With lithium chloride there is no precipitation. 
boiling the acid with baryta solution, there is no separation 
barium sulphate, but, instead, a crystalline barium salt is deposited 
(Found: N=4:5; S=10-2; As=23-5. C,H,O,NSAs require 
N=4-5; S=10-2; As=23-9 per cent.). 


3: 3’-Diamino-4 : 4’-dihydroxy-5 : 5’-disul phinoarsenobenzene (LV). 


(a) Reduction with Sodium Hyposulphite—Two grams of 3-amit0 
4-hydroxy-5-sulphinophenylarsinic acid, dissolved in 40 c-. 
water containing 6 ¢.c. of 2N-sodium hydroxide, were reduced ‘ 
50° for forty-five minutes, by addition of 12 grams of sodiul 
hyposulphite and 3 grams of magnesium chloride. ‘The insolub 
arsenobenzene was collected by centrifuging, suspended in recett 
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boiled water, and again centrifuged. The solid was dissolved in 
27 c.c. of 2N-ammonia and centrifuged to remove insoluble im- 
purities. The liquor was acidified to Congo-paper with hydro- 
chloric acid, diluted, and the solid collected by centrifuging. It 
was resuspended in air-free water and again centrifuged several 
Bi times until most of the hydrochloric acid had been removed. When 

dried in a vacuum, it amounted to 1-05 grams (Found: N=5-4; 
§=13-7; As=27-9. C,,H,.0,N.S,As, requires N=5-7; S=13-0; 
As=30-3 per cent.). It was not found possible to obtain a purer 
substance by the use of sodium hyposulphite. At 60°, a tem- 
perature often reached during the commercial preparation of 
salvarsan, there is in the present instance fission of some arsenic 
fom the nucleus and a deepening of the colour of the product, 
the atomic ratios found being N:S: As=1: 1-56: 1-36. In this 
connexion, the author has observed that boiling 3-nitro-4-hydroxy- 
phenylarsinic acid with a concentrated solution of sodium hydrogen 
sulphite gives o-nitrophenol in excellent yield. The extension of 
this reaction may prove of service in determining the constitution 
of phenylarsinic acids. 

(b) Reduction with Hypophosphorous Acid.—One gram of the 
Bsulphinic acid, suspended in a mixture of 5 c.c. of water and 5 c.c. 
ig of glacial acetic acid, was reduced with 5 c.c. of hypophosphorous 
acid (D 1-14) at 100° (at 60° or 80° only a partial reduction takes 
place) for one hour. The addition of 0-05 gram of potassium 
piodide is advantageous. The insoluble, primrose-yellow arseno- 
benzene was collected by centrifuging, suspended in air-free water, 
‘jag tnd again centrifuged three or four times until the supernatant 


istic liquor was no longer acid to Congo-paper. The product was dried 


g2a vacuum, and the yield was quantitative (Found: N=5-6; 
g=127; As=30-2 per cent.). The qualitative reactions are 
indistinguishable from those of the corresponding disulphoarseno- 
i§ enzene described below. 


3: 3’-Diamino-4 : 4’-dihydroxy-5-sulphinoarsenobenzene Hydro- 
chloride (V). 


(a) Reduction with Sodium Hyposulphite—An equimolecular 
ptoportion of 3-amino-4-hydroxy-5-sulphinophenylarsinic acid and 
samino-4-hydroxyphenylarsinic acid, when reduced with this 
wagent at 50—55° in the usual manner, gave the mixed arseno- 
Li benzene. The product and yield are not, however, satisfactory 

g found : N=6-1; Cl=8-5; S—6-8; As=32-1. C,,H,,0,N,SAs,,HCI 
‘quires N=6-0; Cl=7-6; S=6-9; As—32-1 per cent.). 

(b) Reduction with Hypophosphorous Acid.—0-88 Gram of 3-amino- 
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4-hydroxyphenylarsinic acid and 1-12 grams of its 5-sulphin. 
derivative were reduced in a solution made up from 10 e.¢, ¢ 
hypophosphorous acid (D 1-14), 5 c.c. of glacial acetic acid, 5 ¢¢ 
of water, and a crystal of potassium iodide, at 100° for one how 


The insoluble yellow solid was collected by centrifuging, suspendej™sodi 


in recently boiled water, and again centrifuged, then treated twig 
with excess of 2N-hydrochloric acid and centrifuged each tim 
Finally, the hydrochloride was suspended twice in air-free water 
centrifuged, and dried in a vacuum. The yield of the initial bay 
was quantitative, the yield of the hydrochloride was smaller (1 gram), 
owing to losses in washing (Found: N=6-0; Cl=7:7; S=64: 
As=31-7 per cent.). The qualitative reactions are indistinguishabk 
from those of the corresponding monosulpho-derivative described 
below. 


3: 3’-Diamino-4 : 4’-dihydroxy-5 : 5’-disulphoarsenobenzene (VII), 


Reduction with Hypophosphorous Acid.—One gram of 3-amino-4 
hydroxy-5-sulphophenylarsinic acid was suspended in 5 ce. df 
water, 5 c.c. of glacial acetic acid, and 5 c.c. of hypophosphorow 
acid (D 1-14). A crystal of potassium iodide was added and the 
temperature raised to 55°. On stirring, the sulphonic acid dissolved 
and reduction to the arsenobenzene was rapid. After one how, 
the arsenobenzene was collected by centrifuging, suspended in 
recently boiled water, and centrifuged four times. The find 
supernatant liquor was barely acid to litmus. The yield wa 
quantitative (Found : N=5-4; S=12-6; As=28-5. C,,H,,0,N,8,A, 
requires N=5-3; S=12-2; As=28-5 per cent.). 

3: 3’-Diamino-4 : 4’-dihydroxy-5 5’-disulphoarsenobenzene is it- 
soluble in water and does not form salts with acids. It diazotises, 
forming a deep yellow solution and couples then with @-naphthdl. 
It is soluble in 2N-sodium hydroxide solution, but is precipitated 
by a slight excess. Its solution in sodium carbonate is precipitate! 
by excess of concentrated sodium carbonate solution, and likewis 
its solution in dilute ammonia by concentrated ammonia solution. 
This precipitation is apparently a coagulating or flocculating p™ 
perty of the hydroxyl ion. The compound dissolves readily ™ 
sodium hydrogen carbonate solution and is not precipitable by 4 
saturated solution of this reagent. It is not appreciably soluble 
saturated sodium acetate solution, but dissolves on dilution. The 
ammoniacal solution gives an immediate and copious gelatinols 
precipitate with calcium and barium chlorides, with magnes# 
mixture, and with lanthanum or thorium nitrate. With lithium 
chloride the precipitate is slight. 
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Hydrolysis of 3: 3’-Diamino-4 : 4’-dihydroxy-5 : 5’-disulphoarseno- 
henzene—One gram of the sulphoarsinic acid was reduced as 


5 cefdescribed above to the arsenobenzene. The still damp solid was 


Mijssolved in 20 c.c. of hot water by addition of 2 c.c. of saturated 
odium acetate solution and heated in a sealed tube for ten hours 
at 100°. The red solution was made acid to Congo-paper with 


ime fm hydrochloric acid and filtered. The colourless filtrate was extracted 


Byith ether, which only removed acetic acid. The aqueous solution 
yas reduced by saturation with sulphur dioxide, the excess removed 
\Birom the warmed solution in a vacuum, and the arsenic completely 


iM removed as arsenious sulphide by passing hydrogen sulphide. 


The filtered solution on concentration gave 0-3 gram of pure 6-amino- 
jhenol-o-sulphonic acid, crystallising in long, silky needles (Found : 
in air-dried solid, H,O=4-2; in anhydrous material, N=7-5. 
(\H,0,NS,3H,O requires H,O=4-5; CgH,O,NS requires N=7-4 
per cent.). It differs from 6-aminophenol-m-sulphonic acid, with 
vhich a direct comparison was made, in forming a very sparingly 
wluble barium salt, in its slighter stability in alkaline solution, 
informing a hydrate, and in not forming a sparingly soluble diazo- 
oxide. 


3:3'-Diamino-4 : 4’-dihydroxy-5-sulphoarsenobenzene Hydrochloride. 


Reduction with Hypophosphorous Acid.—1-15 Grams of 3-amino- 
{-hydroxy-5-sulphophenylarsinic acid and 0-85 gram of 3-amino-4- 
tydroxyphenylarsinic acid were reduced with a mixture of 10 c.c. 
of hypophosphorous acid (D 1-14), 5 ¢.c. of water, and 5 c.c. of 
glacial acetic acid at 60°. A crystal of potassium iodide was added 
a catalyst. Both acids dissolved at this temperature and the 
quantitative separation of the mixed arsenobenzene was complete 
it the end of one hour. The working up of the product as hydro- 
chloride for analysis was exactly as described above for the corre- 
sponding mixed sulphino-derivative. The yield was 1-8 grams 
(Found : N=5-7; Cl=7-1; S=6-9; As=30-8.* C,,H,,0,N,SAs,,HCl 
requires N=5-8; Cl=7:3; S=6-6; As=31-1 per cent.). 

3:3'-Diamino-4 : 4’-dihydroxy-5-sulphoarsenobenzene hydrochloride 
8 sparingly or slowly soluble in water. It is soluble in 2N’-sodium 
tydroxide solution and is precipitated by excess. It is, however, 
“oluble in dilute or concentrated ammonia. It only dissolves slowly 
in sodium carbonate solution and is not precipitated by excess 
of the saturated solution. It is insoluble in sodium hydrogen 
carbonate solution. The ammoniacal solution forms gelatinous 


* Estimated gravimetrically by the Carius method as Mg,As,0,. Leh- 
mann’s method gave low results. 
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precipitates with calcium, barium, or magnesium chloride, by 
with lithium chloride only on adding excess. 


3 : 3’-Diamino-4 : 4’-dihydroxy-5-sulpho-5’-sulphinoarsenobenzene, 


Reduction of an equimolecular mixture of the sulpho- and sulphino. 
arsinic acids with hypophosphorous acid at 100° proceeded normally. 
The yield was quantitative. The product is indistinguishable in 
its qualitative reactions from either the disulphoarsenobenzene o 
the disulphinoarsenobenzene (Found : N=5-4; S=12-1; As=295j, 
C,.H,.0;N,S8,As, requires N=5-5; S=12-6; As=29-4 per cent.), 


The Constituents of Salvarsan insoluble in Methyl Alcohol. 


9-5 Grams of a commercial salvarsan A containing 2-7 per cent. 
of sulphur were dissolved in 29 c.c. of dry methyl alcohol (compar 
Fargher and Pyman, /oc. cit.) and kept overnight in absence of air 
and moisture. The solidified contents were broken up and centr- 
fuged in stoppered tubes, the supernatant liquor syphoned of, 
and the yellow solid mixed with 30 c.c. of dry methyl alcohol, 
The contents were again centrifuged and submitted to fresh quan. 
tities of methyl alcohol five times in all. The final product was 
dried in a vacuum and then weighed 2-3 grams or 24 per cent. of 
the weight of the starting material. The finely powdered solid 
had a bright yellow colour (Found: N=5-3; Cl=7-25; 8=57. 
A second preparation from the same original batch of material 
gave N=5-3; Cl=7-4; S=5-8; As=30-0 *; whence the ratio of 
the atoms is N : As: S : Cl=2: 2-1: 0-94:1-1. Fargher and Pyman, 
for the small quantity of material isolated by them, found Cl=68; 
S=5-1; As=30-8. The mixed sulphinoarsenobenzene _hydro- 
chloride, C,.H,,0,N,SAs,,HCl, requires N=6-0; Cl=7-6; S=6+4; 
As=32:1 per cent., whilst the mixed sulphoarsenobenzene hydr- 
chloride, C,,H,,0;N,SAs,,HCl, requires N=5-8; Cl=7-3; S=64: 
As=31-1 per cent.). The approximate agreement with thes 
monohydrochlorides is fortuitous, for the product contained 4 
portion of its sulphur in the form of sulphate. Examination o 
several samples of the constituent insoluble in methyl alcohol from 
other batches of commercial salvarsan showed that in general this 
insoluble constituent is a mixture, and consists of 3 : 3’-diamino- 
4 : 4’-dihydroxy-5-sulphinoarsenobenzene monohydrochloride (the 
possibility of the presence of the corresponding sulpho-derivative 
not excluded, since there is no means of detecting one in the presence 
of the other, the iodine absorption figures proving valueless) and 


* By Carius as Mg,As,O,. 
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“salvarsan sulphate” and “hydrochloride.” The latter are 
probably chiefly present as the mixed salts analogous to the well- 
known mixed salts of dibasic quinine, such as 2Q,H,SO,,2HBr. 
There is no evidence of the presence of a monosulphamic acid, as 
suggested by Fargher and Pyman. These statements are supported 
by the following evidence. 

Twenty-one grams made up from thirty-five samples, each 0-6 

m, of successive batches of a well-known make of salvarsan, 
were dissolved or suspended in 63 c.c. of dry methyl alcohol for 
twenty-four hours and then worked up for the insoluble constituent 
exactly as described above. There were obtained 1-8 grams of 
dry solid, which on analysis gave N=5-6; total S=3-3; S as 
silphate=1-9; Cl=8-4; As=31-5 per cent., whence the atomic 
ratios are 


Cl. Total S. Free S as SO, Combined 8. 
2°09 118 0°51 0°29 0-22 


On the assumption that the constituents are as stated above, it is 
evident that out of 200 NH,-groups 118 are combined with hydro- 
chlorie acid, 58 with sulphuric acid, and 22 neutralised internally 
by the sulphinic acid group, that is to say, the acid groups present 
are equivalent within 1 per cent. to the NH,-groups. 

Reactions of the Substance insoluble in Methyl Alcohol.—\t dis- 
swlves in water completely, first passing through a gelatinous state. 
Qn addition of neutral barium chloride solution there is immediate 
separation of barium sulphate, and, after centrifuging, the clear 
supernatant liquor gives no further separation of barium sulphate 
on heating, either alone or with acids or alkalis. This proves the 
absence of the sulphamo-group, ‘NH-SO,H (Traube, Ber., 1890, 23, 
1653). The presence of “ salvarsan sulphate ’’ in a soluble state 
is at first surprising, as the pure substance is insoluble in cold 
water. Experiment has, however, shown that a preparation of the 
pure sulphate dissolves readily on the addition of dilute hydro- 
thloric acid or sodium chloride solution and is readily soluble up 
to 33 per cent. in ‘‘ salvarsan hydrochloride ”’ solution. 

When dissolved in thirty parts of water and treated with 3N- 
hydrochloric acid, a flocculent precipitate was obtained. On 
collecting this by centrifuging and washing in the centrifuge, first 
with N-hydrochloric acid and then with water, and drying the 
product, a substance was obtained which contained S= 5-7; N= 59 
per cent. There was no free sulphate present. This evidently 
Consists of the mixed arseno-derivative, 3 : 3’-diamino-4: 4’- 
tihydroxy-5-sulphinoarsenobenzene hydrochloride, in a crude state. 
Unlike the starting material, it was no longer soluble or only very 

Q Q* 
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slowly so in water, in this respect showing a close resemblance to 
the synthetic product. 

Oxidation of the Constituent insoluble in Methyl Alcohol. —2.35 
Grams of the insoluble constituent from salvarsan A were oxidised 
in alkaline solution by hydrogen peroxide, following Ehrlich and 
Bertheim’s process for salvarsan (Ber., 1912,45, 756). By acidifying 
to Congo-paper with hydrochloric acid and concentrating, 0-8 gram 
of 3-amino-4-hydroxyphenylarsinic acid was obtained. The mother. 
liquors were evaporated to dryness after neutralising with sodium 
carbonate, the residue was dissolved in a small volume of water, 
the solution filtered from a small quantity of insoluble material, 
then made alkaline with ammonia, and treated with barium chloride 
solution. On heating on the water-bath, a pigmented crystalline 
barium salt separated, which on acidification gave eventually 
0-1 gram of pure 3-amino-4-hydroxy-5-sulphophenylarsinic acid. 
Its identity was proved by comparison with the pure material 
obtained by oxidation of the sulphinic acid. Both melted at the 
same temperature and showed an identical behaviour in the calcium 
salt, and also when diazotised and coupled, and in other reactions. 

BIOCHEMICAL AND PHARMACOLOGICAL LABORATORIES, 


THe Nationa INstTiITUuUTE FOR MEDICAL RESEARCH, 
HampstTEaD, N.W.3. [Received, May bth, 1921.] 


CXXII.—The Sorption of Hydrogen by Amorphous 
Palladium. 


By JAMES BRIERLEY Firru. 


In a previous communication (T., 1920, 117, 171) the author showed 
that in the case of palladium foil the sorption of hydrogen is essen- 
tially “‘ adsorption” below 0° and, further, that “ absorption” 
diminishes with lowering of temperature below 0°, whereas adsorp- 
tion increases. 

Mond, Ramsey, and Shields (Phil. Trans., 1898, [A], 191, 105) 
found that at 0° palladium black sorbed about 853 volumes of 
hydrogen. Hemptinne (Bull. Acad. roy. Belg., 1898, [iii], 36, 155) 
finds that, when palladium is cooled to —78° and then exposed to 
hydrogen, the volume of gas sorbed is much smaller than at 20’. 

Paal and Amberger (Ber., 1905, 38, 1394) found that the sorption 
of hydrogen by palladium black was considerably increased when 
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the palladium was heated in hydrogen at 110° and then cooled 
to —10°. 

Gutbier, Gebhardt, and Ottenstein (Ber., 1913, 46, 1453), by a 
imilar method, showed that the sorption diminished from 100° to 
9 and then increased from 20° to — 50°. 

Sieverts (Zeitsch. physikal. Chem., 1914, 88, 105) studied the 
wrptive capacity of the various forms of palladium and showed 
that from 100° to 1500° sorption diminishes with rise of tempera- 
ture, At higher temperatures, amorphous palladium and crystalline 
ylladium sorb hydrogen by solution merely; at lower tempera- 
tues, amorphous palladium takes up further quantities by 
adsorption. 


EXPERIMENTAL 


The object of the experiments described in the present com- 
nunication was to determine the sorption capacity of palladium 
black at temperatures ranging from 100° to about — 190° (liquid-air 
temperature) by two distinct methods : 

(a) The palladium was heated at 100° and the hydrogen then 
admitted. The palladium remained in contact with the hydrogen 
it 100° for twenty minutes and was then cooled slowly in hydrogen 
to the required temperature and an equilibrium established at 
atmospheric pressure. 

() The palladium was cooled to the required temperature in a 
vacuum and hydrogen then slowly admitted until an equilibrium 
vas established at atmospheric pressure. 

The results obtained by these methods are subsequently referred 
oas series (a) and (b) respectively. 

Allexperiments were carried out in duplicate. Prior to exposure 
hydrogen, the palladium, as prepared, was in every case heated 
it 110° and a vacuum maintained for twenty-four hours, the 
ulladium being open to a tube containing phosphoric oxide in 
der to remove as much water as possible. 

The former method is similar to that of Paal and Amberger, 
ind the latter to that of Hemptinne. The results of these observers 
iave been looked upon as contradictory, but the author hopes to 
leable to show that it is possible for both to be correct, the difference 
athe results being due to the methods employed. 

The apparatus used was the same as that already described 
T, 1920, 447, 171). 
ten first problem was to obtain a good quality of palladium 


It has previously been shown that the sorption of hydrogen by 
Q Q*2 
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palladium is determined by the two forms of the metal, th 
amorphous and the crystalline. Further, the amorphous form j 
the more active and tends to pass into the crystalline variety. 

Palladium black was obtained by four different methods: }y 
the reduction of palladous chloride, (i) by heating in a current ¢ 
hydrogen, (ii) with hydrazine sulphate, (iii) with a weak solution o 
sodium formate, and (iv) by the reduction of the oxide in a current 
of hydrogen. The sorptive capacity of each specimen was deter. 
mined at 0° by methods (a) and (b) respectively. The result 
were as follows : 

(i) (ii) (iii) (iv) 
(a) 796 vols. 801 vols. 879 vols. 852 vols. 
(6) 702 ,, 736, 847 ,, 804 ,, 


The palladium black invariably contained oxygen, hence the 
volume of hydrogen admitted was always greater than that evolved 
on heating to a dull red heat, the difference between the two 
quantities being a measure of the amount required to convert the 
oxygen to water. The volumes in all cases are corrected to ( 
and 760 mm. 

It will be observed that there is a difference in the activity of 
the various specimens, particularly in series (6). The explanation 
for this difference in the activity lies in the non-homogeneity of 
the palladium black. The two phases, crystalline and amorphous, 
are present in all specimens, but in different proportions, and 4 
the activity of the amorphous variety is greater than that of the 
crystalline, the highest value represents the purest form of amorph- 
ous palladium. Again, the difference between series (a) and (b) is 
greatest in sample (i) and least in (iii). In series (a), both the 
amorphous and the crystalline varieties would be saturated with 
hydrogen, whereas in series (b) the sorption would be principally 
by the amorphous form. 

The above experiments show that the most satisfactory palladium 
black is obtained by reducing a solution of the chloride with a weak 
solution of sodium formate. This method was employed to prepare 
the palladium black used in the following experiments, and the 
exact details of the preparation are as given by Mond, Ramsey, 
and Shields (loc. cit.). 

The volume of hydrogen sorbed was determined by heating the 
palladium black to a dull red heat and measuring the volume of 
the hydrogen pumped off. At the high temperature necessary 
expel the whole of the hydrogen, the palladium black was col 
verted into palladium sponge, and the ratio between the amorphou' 
and the crystalline varieties would probably be changed. Fo 
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this reason it was necessary to use a fresh sample of palladium black 
for each experiment. An average of four analyses of the palladium 
black used was :— Pd=89-1; PdO=10-1; H,O=0°8 per cent. 

The sorptive capacity of palladium black was determined at 
temperatures ranging from 100° to the temperature of liquid air 
(about —190°). The temperatures between 0° and _liquid-air 
temperature were obtained by adding solid carbon dioxide to alcohol 
in the required proportions, the temperature being kept constant by 
adding small quantities of solid carbon dioxide from time to time. 
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Except where expressly stated to the contrary, the palladium 
"as not subjected to a temperature of more than 110° prior to 
ting used, neither did it receive any preliminary treatment with 
hydrogen. 

Two distinct series of experiments were carried out according 
0 methods (a) and (b) respectively. 

The hydrogen was sorbed very rapidly, only a very small amount 
ieing taken up after the first few minutes. The equilibrium was 
‘tablished more rapidly at the lower temperatures and below 0° 
vs almost instantaneous. 

The results are given in the following table and are shown 
maphically in Fig. 1. 
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Series (a). Series (5). 

Vols. of hydrogen Vols. of hydrogen 

Temperature. sorbed per vol. of Pd, Temperature. sorbed per vol. of Pj 
100° 823 
80 832 
60 838 
40 846 
20 851 
0 872 
—20 888 
—40 914 
—79 976 
—190 1132 

The volumes of hydrogen are corrected to N.T.P. and the weight 
of palladium is corrected for oxygen and water from an averag 
analysis. The density of palladium black was taken as 11-9. 

It will be observed from the results of the two series that ther 
is a persistent difference, which becomes more pronounced below (’ 
* This is due to the presence of crystalline palladium in the black. 
It has previously been shown (loc. cit.) that the sorptive capacity 
of crystalline palladium is considerably diminished at temperatura 
below 0°. Now, in series (a), the crystalline palladium would take 
up an appreciable amount of hydrogen prior to being cooled, this 
hydrogen being retained, whereas in series (b) the amount o 
hydrogen sorbed by the crystalline variety would be very small 
being almost nil at the lower temperatures; hence the difference 
between the two series. 

It would appear, therefore, that the purer the palladium black 
used, the more nearly will the two sets of results coincide, and, 
conversely, the greater the proportion of crystalline palladium, 
the greater the difference between the two series. Further, 4 
palladium black containing a moderate proportion of the crystalline 
variety would have a much smaller sorptive capacity at low tev- 
peratures than at temperatures between 0° and 100°. This would 
explain the difference between the conclusions of Paal and Amberget 
on the one hand and Hemptinne on the other. In the first case, 
the palladium was heated in hydrogen at 110° and cooled in hydrogen 
to the required temperature, hence both the crystalline and the 
amorphous form would be active; whereas Hemptinne cooled tle 
palladium to —78° before admitting hydrogen, thus eliminating 
a large extent that portion of the palladium which was crystalline, 
and since he obtained a considerable diminution in the volume 
sorbed, as compared with the volume at 20°, his palladium mus 
have contained a moderate proportion of the crystalline palladium. 
This view is further supported by the fact that he observed ! 
sudden increase in the volume of hydrogen sorbed on allowing the 
temperature to rise to 20°, at which temperature the crystalline 
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variety would begin to sorb hydrogen rapidly, particularly in 
contact with highly charged amorphous palladium. 

In order further to test this view, the following experiments were 
carried out : 

(1) The palladium black was saturated with hydrogen at 100° 
and the hydrogen then expelled at a red heat. The black was 
thereby converted into palladium sponge, the colour changing from 
black to pale grey. It was then heated at a dull red heat in a 
vacuum for three hours. The sample was then divided into two 
parts and the sorptive capacity determined at — 20° as before, with 
the result : 

(a) 851 vols. (6) 796 vols. 


(2) The palladium from (1) was heated at a dull red heat for a 
further period of six hours and the sorptive capacity again determined 
at —20° under the two conditions, with the following results : 


(a) 813 vols. (b) 744 vols. 


It would appear, therefore, that the effect of heating has been 
to increase the amount of the crystalline palladium, thereby 
increasing the difference between the two sets of results. 

The absence of absorption by the crystalline variety at low 
temperatures may be apparent rather than real. It is quite possible 


that the rate of diffusion is so slow at low temperatures that within 
the duration of the experiments absorption is not an appreciable 
factor. 

On again comparing the results of the two series, it will be 
observed that in series (a) the volumes sorbed increase continuously 
from 100° to —190°, the rate of increase being greater below 20°, 
whereas in series (b) the volumes diminish slightly from 100° to 
20° and then increase from 20° to —190°. Hence it would appear 
that there is a minimum sorption at 20°. The minimum obtained 
by Gutbier, Gebhardt, and Ottenstein gave a decrease of 93 volumes 
over the range 100° to 20°. The maximum diminution obtained 
by the author over the same range was 11 volumes. 


Summary. 


(1) The sorptive capacity of palladium black varies according 
to the method of preparation. 

(2) Palladium black contains both amorphous and crystalline 
palladium, the proportion of each varying with the conditions 
under which it was originally prepared. 

(3) The sorptive capacity of palladium black at low temperatures 
depends on the temperature at which sorption begins. 
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(4) Palladium black saturated with hydrogen at 100° sorbs 
further quantities of hydrogen when gradually cooled in the gas. 

(5) A comparison of the sorptive capacity at definite temperatures 
varying from 100° to —190° shows a slight decrease from 100° to 
20° and a continuous increase from 20° to —190°. 

(6) When palladium black is heated, the proportion of the 
crystalline variety increases. 
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CXXIII.—The Sorption of Alcohol and Water 
by Animal Charcoal. 


By Jonn Driver and JAMES BRIERLEY FIRTH. 


A CONSIDERABLE amount of data has already been published 
regarding the sorption of substances in solution by charcoal. In 
calculating the results, in nearly every case it has been assumed 
that the solvent is not sorbed, or the amount sorbed is so small 
that it can be neglected. 

One of us has already shown (Firth, Trans. Faraday Soc., 1921, 
16, 434) that in the case of the sorption of iodine from solution 
in organic solvents the nature of the solvent materially affects 
the rate of sorption, and also that the final equilibrium (which is 
only attained after a very long period) is to some extent dependent 
on the solvent. One factor that influenced the sorption was the 
solubility of the dissolved substance in the liquid solvent. 

The sorption of liquids does not appear to have been studied to 
any great extent and the quantitative data available are com- 
paratively small. 

Gurvitsch (J. Russ. Phys. Chem. Soc., 1915, 47, 805) has made 
a study of the sorption of water and various organic liquids by 
fuller’s earth, bone charcoal, and kaolin, and obtained the following 
important result—that the volumes of liquid adsorbed vary over 
a relatively small range from 0°61 to 0°684 c.c. per gram of sorbing 
substance. He attributes adsorption to physicochemical forces and 
rejects the view that it is due to purely chemical forces on the 
following grounds. (1) The amounts of the different liquids ad- 
sorbed by a given amount of adsorbent are not in agreement with 
stoicheiometric relations. (2) The range of action of the forces 
causing adsorption is always of the order 3x10 cm., whereas 
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the range of action of the force of chemical affinity is limited to 
distances of atomic order or, at most, to the distances separating 
neighbouring molecules. The sphere of action of physicochemical 
forces is many times greater. (3) The heat of reaction between 
any two elements is, generally speaking, greater the more dis- 
similar are the elements. In the action of residual chemical energy 
(physicochemical force) we see just the reverse: hydrocarbons 
generate much more heat with charcoal than with fuller’s earth or 
kaolin; alcohols act in the reverse manner. 

Langmuir (J. Amer. Chem. Soc., 1917, 39, 1848), in a criticism 
of the work of Gurvitsch, rejects the view that sorption is due to 
physicochemical forces, and states “‘ the forces involved in adsorp- 
tion are strictly chemical in nature, that is, they do not differ in 
any essential respect from the forces causing the formation of 
typical compounds.” The absence of stoicheiometric relationship 
can be taken as proof, not of the absence of chemical combination, 
but that it is simply the result of steric hindrance. The following 
quotation gives Langmuir’s view of the processes occurring during 
the adsorption of ethyl alcohol by charcoal. “The hydroxyl 
groups of the alcohol are attracted to the carbon atoms, so that 
asmany carbon atoms as possible come into contact (or combine) 
with the hydroxyl groups. The ethyl groups fill up many of the 
small cavities, and, in other ways, prevent the hydroxyl groups 
fom coming into contact with the carbon atoms. The larger 
pores or cavities are, however, covered over with a single layer of 
molecules. When the vapour is saturated, it is evident that these 
cavities must gradually become filled with liquid. But this is to 
be classed as capillary phenomena and not as adsorption. It has, 
for example, nothing to do with the forces acting between the 
carbon atoms and the hydroxyl groups. 

“Under these conditions it is only natural that the volume 
absorbed should be about the same for different liquids, since it 
is simply a measure of the total volume of the larger pores.” 

Bakr and King (this vol., p. 454), in a communication published 
since this work was completed, show that the sorption of benzene 
from iodine solutions is less than that from the pure solvent. They 
further show that the effect of neglecting the sorption of the 
“lvent benzene in calculating the sorption of iodine is very small 
in this case. 

The object of the present communication was to study the 
“orption of water and alcohol by animal charcoal and also the 
wrptive effect with mixtures of alcohol and water. 
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EXPERIMENTAL. 


The animal charcoal used was Merck’s highly purified variety 
and it gave 4°435 per cent. of ash. It was digested several times 
with concentrated hydrochloric acid, washed with water, and finally 
boiled with distilled water until free from phosphates and chlorides: 
the ash was then 1°05 per cent. and the density 1°966. The char. 
coal was very finely powdered. The alcohol was dried for several 
days over calcium oxide and distilled, then dried with metallic 
calcium and again distilled, the first and the last portions being 
rejected. Its density at 25° was 0°78572. | 

Ordinary distilled water was treated with alkaline potassium 
permanganate and distilled, the middle portion only being used. 
This was then twice redistilled; the product gave no appreciable 
residue on evaporation. 


The Determination of the Sorption of (a) Water (b) Alcohol. 


The charcoal was heated at a dull red heat in a vacuum for 
about three hours and then allowed to cool in a vacuum. 4 
quantity of the charcoal was then quickly weighed out into a well 
stoppered tube fitted with a leading-tube and tap. About 5 cc. 


of distilled water were introduced into a similar tube and the two 
tubes connected by means of a T-piece, also fitted with a tap. 
The apparatus was exhausted and placed in a thermostat at 25° 
The tube containing the charcoal was carefully disconnected at 
definite intervals and weighed, until the weight became constant. 

A similar series of results was obtained, using alcohol instead 
of water. The results are given in the following table, where 
is the weight of charcoal used and 2 the c.c. of liquid sorbed. 


TABLE I. 
Water. Alcohol. 
m=1-°0398 grams. m=1°'1272 grams 


Time. x Time. 

Days. x m x 
00113 0°1464 0°1299 
0-0202 2 0°2753 02442 
0:0286 0°3469 0°3077 
0°0392 0°4147 0°3679 
0°0462 0°4867 0°4318 
0°0532 é 0°5596 0°4965 
0-0704 0°5963 0°5299 
0°1062 é 0°6292 0°5582 
0°1340 0°6894 0°6205 
0°1345 j 0°6894 0°6205 
0°1345 
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Sorption of Alcohol from Mixtures of Alcohol and Water. 


The change in the composition of the various mixtures of alcohol 
and water after treatment with charcoal for twenty-four hours 
was determined by accurately measuring the change in the density. 

Mixtures of alcohol and water were carefully prepared and the 
density determined by the pyknometer method. Twenty-five c.c. 
of the mixture were measured into a well-stoppered flask of 50 c.c. 
capacity and two grams of purified animal charcoal, which had 
previously been heated in a vacuum at a dull red heat for three 
hours and cooled, were introduced. The flask was then placed in 
a thermostat at 25° and repeatedly shaken. After twenty-four 
hours, the charcoal was filtered off and the density of the mixture 
redetermined. From this new density the composition of the 
mixture was obtained. The results are given in Table II. 

In calculating the amount of alcohol sorbed it has been assumed 
that no water has been sorbed during the period under observation. 
The error introduced is negligible, since the amount of water sorbed 
is so small that it would not materially affect the result. All 
densities were determined at 25°. 


TABLE II. 
Volume Volume 
percentage of Density Density percentage of 
alcohol before before after alcohol after x 
sorption. sorption. sorption. sorption. m 
0°82511 0°82678 89°59 0°504 
0°86906 0°87100 74°26 0°3590 
0°90581 0°90804 58°95 0°3203 
O-92715 0°92912 48°99 0°2475 
0°94565 0°94712 38°84 0°2368 
0°96756 0°96864 23°74 0°2066 
0°98482 0°98557 9°31 0-0701 
0°99135 0°99158 4°88 0-0158 


Rate of Sorption of Alcohol from Alcohol—-Water Mixtures. 


The rate of sorption of alcohol was determined by measuring 
the rate of change of density. A number of flasks were set up as 
before and the contents examined after different intervals of time. 
The results are given in Table III for 90, 50, and 5 per cent. 
mixtures by volume. 


Discussion of Results. 


The results in Table I show that the rate of sorption of water 
is exceedingly slow, requiring about seventy days to attain 
equilibrium; in the case of alcohol, equilibrium is attained in 
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TABLE ITI. 


90 per cent. Mixture. 


Volume 
percentage 
Density. of alcohol. 
0°82511 90 
0°82678 89°59 
0°82711 89°49 
0°82725 89°46 


50 per cent. Mixture. 


Volume 
percentage 
Density. of alcohol. m 
0°92715 50-0 = 
0°92858 49°20 0°1988 
0°92979 48°57 0°3475 
0°93108 47°94 0°4918 
0°93245 47°28 0°6452 
0°93426 47°28 0°6452 


5 per cent. Mixture. 


Volume 

Time in percentage 
hours. Density.* of alcohol. m 
0 0°99154 5 — 

24 0°99158 4°88 0°0158 
48 0°99157 m ‘a 
72 0°99158 0 i. 


x 


* The change in density for low concentrations was so small that the 
results were not satisfactory, but the change in concentration was certainly 
very small in comparison with the results obtained at higher concentrations. 


about thirty-seven days. Water is sorbed to the extent of 0°13 cc. 
per gram of charcoal, whereas in the case of alcohol the value is 
nearly five times this amount, namely, 0°62 c.c. This result is not 
in agreement with that put forward by Gurvitsch, who obtained 
similar values for both alcohol and water with the same sorbing 
agent. The value for alcohol falls within the same range as that 
given by Gurvitsch for fuller’s earth as sorbing substance, but 
this is probably only a coincidence. 

The results given in Table II for alcohol—water mixtures show 
that alcohol is preferentially sorbed throughout, and, further, that 
the amount of alcohol sorbed in the first twenty-four hours depends 
on the alcohol content of the mixture. In the case of 90 per cent. 
alcohol the charcoal has taken up nearly five-sixths of the amount 
required for saturation. As the water content increases, the 
amount of alcohol sorbed diminishes, and where the alcohol content 
is less than 25 per cent. the sorption becomes very small. 
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From Table IIT it will be observed that, except for low alcohol 
concentration, the effect of the water is to reduce the rate of 
sorption of alcohol, since the charcoal finally becomes saturated 
with respect to alcohol. When the alcohol content had fallen to 
about 4°88 per cent., it was not possible to detect with certainty 
any further change in concentration. Langmuir explains the results 
of Gurvitsch as being due to a large extent to capillarity. The 
results here given do not support this view; the values for alcohol 
and water are widely different, whereas if capillarity was a funda- 
mental phenomenon, the values should be very similar. Capillarity 
is a factor, without doubt, but when the sorbent is in a very finely 
divided state, as in the present case, it is not a fundamental 
factor. In any case it is a variable factor depending to a large 
extent on the size of the particles of the given sorbent. 

Within the limits of the experiments herein described, the sorption 
of liquids by charcoal is not independent of the nature of the 
liquid. Steric hindrance, as indicated by Langmuir, varies with 
different liquids, and, accepting this view, it is to be expected 
that the volumes of different liquids sorbed by unit weight of 
sorbent will vary over quite a large range. 

In order to test further the conclusions of Gurvitsch, experiments 
with other liquids have been undertaken. 
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CXXIV.—Action of Magnesium Phenyl Haloids on 
Diphenylchloroacetyl Chloride. Constitution of 
Triphenylvinyl Alcohol. 


By Avex. McKenzie and Jonn Scorr WALKER Boy e. 


Tae chlorine atom in «-chloro-«-phenylpropionic acid undergoes 
substitution by the hydroxyl group with great readiness, even 
when the acid is shaken with water at the ordinary temperature 
(McKenzie and Clough, T., 1910, 97, 1016), whilst the chlorine in 
liphenylchloroacetic acid is very easily removed by magnesium 
phenyl bromide (McKenzie, Drew, and Martin, T., 1915, 107, 26). 
It was accordingly anticipated that diphenylchloroacety] chloride 
night display abnormality when acted on by Grignard reagents, 
and the experiments of which a description is now given show that 
this expectation was borne out. 
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In the event of triphenylacetyl chloride being produced by the 
substitution of the phenyl group for chlorine, thus : 
Ph Ph 


Phy, -Cl 
PhoCSGocy + PaMgBr —> pp>C<cocp 


the product should be £-benzopinacolin, since Schmidlin (Ber, 
1910, 43, 1137) has shown that the change, 


Phy Ph Phy, ,~Ph 
Pho CS cocy +PhMgBr —> py, >< opp, 


can be effected. On no occasion, however, did we obtain either 
@-benzopinacolin or pentaphenylethanol when diphenylchloroacety!| 
chloride was acted on by magnesium phenyl bromide. On the 
other hand, when the acid chloride was added to an excess of the 
Grignard reagent, the main product was triphenylvinyl alcohol, a 
curious result which is to be attributed to a novel application of 
the Grignard reagent involving the transient existence of a keten. 
This explanation is by no means improbable when Schmidlin’s 
observation of the formation of triphenylmethyl by the action of 
magnesium phenyl iodide on triphenylacety! chloride is recalled : 
2Ph,C-COCI+2PhMgI=2CPh, +2CO + Ph-Ph+2MgCIl. 

Just as in the case investigated by us, the Grignard reagent here 
splits off halogen from the acid chloride, behaving in the same way 
as certain metals; molecular silver, for instance, gives triphenyl- 
methyl with triphenylacetyl chloride, 

Ph,C-COCI+Ag=CPh, +CO-+AgCl, 
whilst Staudinger obtained diphenylketen from zinc and dipheny!- 
chloroacetyl chloride, od cae +Zn= PR>C:CO +ZnCl,. 

A parallel action on the splitting off of halogen by the Grignard 
reagent is also quoted by Schmidlin and v. Escher (Ber., 1910, 43, 
1153), who, in attempting to form hexaphenylethane, found that 
two chlorine atoms are withdrawn from the molecule of s-dichloro- 
tetraphenylethane : 

Ph,CCl-CCIPh, +2PhMgBr=Ph,C:CPh, +Ph-Ph+2MgC1Br 
(compare Norris, Thomas, and Brown, Ber., 1910, 43, 2940). 

The formation of triphenylvinyl alcohol is probably due to the 

following changes : 


- (@) pR>-C< Go] t2PhMgBr= p> C:CO + Ph:Ph + 2MgCIBr 


h~ ~ Coc 
(6) pp>C:CO-++ PhMgBr=Ph,C:0< PSB", 
ec OMgB Phy, OH , y Br 
(c) Ph,C:CG py, © +-H,O=p,>-C:C< py, +Me< ou: 
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Assuming the intermediate production of diphenylketen, the 
formation of triphenylvinyl alcohol is readily understood, since 
Staudinger (Annalen, 1907, 356, 122) obtained the latter com- 
pound by acting on diphenylketen with magnesium phenyl! bromide, 
but for valid reasons he does not interpret the action on the basis 
of equation (b), where the keten is represented to act as if it con- 
tained a carbonyl group. Ketens are not ketones, their reactions 
being explained by the initial addition of reacting material to the 
thylenic linking. But Staudinger’s formulation, 


Ph.c:;CO+PhMgBr —> Ph,C-——CO —> 
MgBr Ph 


Ph,CH-COPh —> PhyC:C< pH, 


is nevertheless difficult to accept, since Kohler and others have 
shown that the Grignard reagent never adds on to an ethylenic 
linking in the 1:2-position. It may be noted in this connexion 
that Gilman and Heckert (J. Amer. Chem. Soc., 1920, 42, 1010) 
describe the action of benzoyl chloride on the additive compound 
of diphenylketen with magnesium phenyl bromide. If Staudinger’s 
view were correct, then a 1:3-diketone, namely, diphenyldi- 
benzoylmethane, should be produced : 


Ph>C——CO-+PhCOCI= pp >O——CO + MgCIBr. 


Ph 
MgBr Ph COPh Ph 


On the other hand, if the mechanism expressed in (b) be correct, 
then : 


P 


Ph,C:0< PMEP" + phcocl=Ph,c:0<p, OF" + MgCBr. 

Since the benzoate of triphenylviny] alcohol was isolated, it was 
ield by the American authors that the Grignard reagent does, after 
ill, add on to the carbonyl group. 

The assumption involved in equation (a) receives further support 
fom the following considerations. 

(1) Diphenyl is always formed in the preparation of magnesium 
phenyl bromide, but the amount of it can be lessened if an excess 
if magnesium is employed in preparing the reagent. Although 
this device was adopted throughout the present work, the amount 
if diphenyl isolated from the products of the reactions was greater 
than would have been expected had it been formed in the making 
ifthe reagent alone. On this ground equation (a), which involves 
the production of diphenyl, is preferred to the alternative scheme : 


Ph. -C 
ph>-C<tocy + PhMgBr=Ph,C:CO-+PhCl+-MgCIBr. 
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(2) When the experimental conditions were altered so that the 
Grignard reagent was added very slowly to an ice-cold ethereal 
solution of the chloro-chloride, the course of the reaction was quite 
different from that followed when the materials were added in the 
reverse order. The ethereal solution, after decomposition with ice 
and mineral acid, assumed an orange-red tint, and this is the appear. 
ance of diphenylketen. The main product of the action was in 
this case not triphenylviny] alcohol but a plastic, brown, amorphous 
product, which gradually solidified to a hard mass resembling 
aldehyde-resin and doubtless consisted of polymerised diphenyl- 
keten. Staudinger mentions that diphenylketen resinifies com. 
pletely at 250°, but although we did not at any point have the 
temperature so high as this, it is nevertheless likely that poly. 
merisation may have been induced by catalytic influences, more 
especially since during the preparation of ketens by means of zine 
it is occasionally found that the zinc haloid behaves as a poly. 
merising agent. Since the conditions were such that in the early 
stages of the action there was a large excess of the acid chloride, 
the liberated keten, instead of combining with the Grignard reagent, 
may have undergone rapid polymerisation by the acid chloride 
itself, Staudinger having shown that acid chlorides, such as benzoyl 
chloride, polymerise diphenylketen. Staudinger and his pupil 
(Ber., 1911, 44, 530; Annalen, 1911, 384, 109; Ber., 1914, 47, 
41) have isolated three polymerides of diphenylketen melting 
respectively at 244—245°, 176°, and 188°, and of these three the 
constitution only of the first, diketotetraphenylcyclobutane, has 
been determined. As a rule, however, diphenylketen gives resins 
when heated with condensing agents such as zinc chloride or sodium 
acetate. We extracted the small quantity of triphenylviny] alcohol 
contained in our resin by means of petroleum, but no definite 
compound was obtained from the residue left after the extraction. 

(3) Under the experimental conditions of (2), a product sparingly 
soluble in ether was obtained in relatively small amount. It 
melted at 256-5—257-5°, and its analysis suggested that it was al 
additive compound of diphenylketen and triphenylvinyl alcohol. 
It is well known that ketens have the property of adding on t 
unsaturated compounds with the formation of tetramethylene ¢e- 
rivatives (although this conception of their structure is not accepted 
by Schréter), and Staudinger and Suter (Ber., 1920, 53, 1092) 
have shown that certain ethylenic compounds combine with ¢: 
phenylketen to form what are regarded as cyclobutanone derivatives, 


styrene, for instance, giving the substance, ) na . Possibly, 


9 
- 


therefore, the compound isolated from the action of magnesiul 


aleohc 
Ber., 
also g 
by bo 
replac 
groups 
oxyme 
of a t 
tripher 
exister 
triphe 
the co 
deriva; 
uretha 
many 


PHENYL HALOIDS ON DIPHENYLCHLOROACETYL CHLORIDE. 1135 


henyl bromide on, diphenylchloroacetyl chloride has the formula 


CPh,‘P h-OH but further work would be necessary before this 


(O0—CPh, 
point could be established definitely. 


Constitution of Triphenylvinyl Alcohol. 


Triphenylvinyl alcohol presents many interesting features from 
the point of view of desmotropism. Delacre (Bull. Soc. chim., 
1895, [iii], 13, 857) and Gardeur (Bull. Acad. roy. Belg., 1897, 
[iii], 34, 67) formulated the compound obtained by the action 
of aluminium chloride on trichloroacetyl chloride and benzene as 


triphenylethanone (I). 
Ph, rar. Phy, +7 -OH : Ph H 
ppoCH-COPh 4, >C:C< py, PhyC-CHO Ph7C-C<ph 


(I.) (II.) (III.) (IV.) 
Doubt was thrown on the validity of this formula by Biltz (Ber., 
1899, 32, 650; Amnnalen, 1897, 296, 242), whose arguments in 
favour of the structure (II) were so cogent that the designation 
triphenylvinyl alcohol has been almost universally adopted until 
quite recently. Biltz’s grounds were briefly as follows. The com- 
pound is not triphenylacetaldehyde (III), since it forms neither 
an oxime nor a phenylhydrazone, and it does not undergo oxidation 
to triphenylacetic acid. The occurrence of benzophenone and 
benzoic acid as products of the oxidation pointed rather to (II) 
being correct; moreover, the addition of the elements of water 
efiected by boiling with alcoholic sodium hydroxide gave dipheny]- 
methane and benzoic acid. The analogy with diphenylvinyl 
alcohol (Breuer and Zincke, Annalen, 1879, 198, 182; Claisen, 
Ber., 1892, 25, 1781) was close, since this substance on oxidation 
also gave benzophenone, whilst diphenylmethane was also formed 
by boiling with alcoholic potassium hydroxide. Moreover, if the 
replacement of two hydrogen atoms in vinyl aleohol by two phenyl 
groups directly attached to a carbon atom leads to the hydr- 
oxymethylene type, it is all the more likely that the introduction 
ofa third phenyl group would impart still greater stability, and 
ttiphenylvinyl alcohol should not only be capable of a separate 
existence, but should be stable. The fourth possibility (IV) of 
tiphenylethylene oxide is excluded by Biltz on the ground that 
the compound in question forms both an acetyl and a benzoyl 
derivative. The fact that triphenylvinyl alcohol does not give a 
wethane falls into line with the observation of Knoevenagel that 
many alcohols, for example, triphenylearbinol, do not react with 
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phenylearbimide. Moreover, the hydroxylic structure of triphenyl. 
vinyl alcohol is supported by its absorption in the molten state of 
electric waves of high frequency. 

The structure (II) was accepted by Staudinger (loc. cit.), Anschiit, 
and Forster (Annalen, 1909, 368, 89), Tiffeneau (Compt. rend, 
1908, 146, 31), and by McKenzie and Wren (T., 1910, 97, 474) 
On the other hand, Kohler (Amer. Chem. J., 1906, 36, 177) reverts 
to formula (I) on two grounds; the formation of acyl derivatives, 
on which the argument for (II) is largely based, is invalidated by 
the fact that ketones can be acylated (Lees, T., 1903, 83, 152), 
whilst the behaviour towards magnesium ethyl bromide shows that 
the compound acts as a ketone, giving the corresponding tertiary 
alcohol. Orékhoff (Bull. Soc. chim., 1919, [iv], 25, 9, 186) examined 
the action of magnesium phenyl bromide and of magnesium benzy! 
chloride, and drew the same conclusion as Kohler. 

Lately Meyer and Gottlieb-Billroth (Ber., 1921, 54, [B], 575) 
describe the conversion of phenyldiphenylene-ethanone into the 
isomeric phenyldiphenylenevinyl alcohol. Since the latter com. 
pound behaves as a normal enol, inasmuch as when freshly prepared 
it dissolves in cold dilute alkali, whilst its alcoholic solution de. 
colorises bromine immediately, the conclusion is drawn that (I) is 
correct. The tendency for triphenylethanone to undergo endl- 
isation is extremely slight, no enolisation being caused by alcoholic 
potassium hydroxide. 

The chief grounds for reverting to (I) appear to be the insolu- 
bility in alkali and the behaviour towards Grignard reagents. An 
allelotropic mixture such as ethyl acetoacetate reacts towards 
Grignard reagents as if it were entirely enolic (Grignard, Ann. 
Chim. Phys., 1902, [vii], 27, 548; McKenzie, T., 1906, 89, 365). 
Now triphenylvinyl alcohol, reacting according to (II), would give 
an additive compound when acted on by magnesium phenyl 
bromide, and the original substance would be regenerated on 
treatment of the additive compound with water. If the original 
substance were triphenylethanone, and if it had any tendency a 
all to undergo isomeric change into triphenylvinyl alcohol, the 
result would be the same, if triphenylethanone and triphenylviny! 
alcohol were to behave like other isomerides that have been investi- 
gated from this point of view. 

We accordingly repeated the action of magnesium pheny] bromide 
on triphenylvinyl alcohol, since the yield of s-tetraphenylethand 
quoted by Orékhoff is smaller than would have been expected i 
one had to deal with triphenylethanone only, and since no details 
of the yield of tetraphenylpropan-$-ol are given by Orékhoff. We 
first employed magnesium phenyl bromide (3 mols.) for tripheny! 
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dhanone (1 mol.), three times the calculated quantity; neverthe- 
iss, much of the original material was recovered. The action was 
nore complete, however, when six molecular proportions of the 
Grignard reagent were employed. These results would point to 
the conclusion that if (I) is the correct formula, the reactivity of 
the carbonyl group is impaired just as it is in $-benzopinacolin. 
That we have to deal with a hydroxylic compound which under 
the influence of the Grignard reagent is slowly converted into a 
ketone which then reacts normally, is extremely improbable. 

The balance of the evidence is certainly strongly in favour of 
the representation as triphenylethanone, but until further proof 
sgiven that the objections raised by Biltz are invalid, we do not 
go so far as Orékhoff and Meyer, who advocate that the term 
triphenylvinyl alcohol should now be deleted from the literature. 


EXPERIMENTAL. 


Action of Magnesium Phenyl Bromide on Diphenylchloroacetyl 
Chloride. 


The following details, which are of importance for the successful 
preparation of diphenylchloroacetyl chloride, may be added to 
the descriptions of Bickel (Ber., 1889, 22, 1539) and of Staudinger 
(Annalen, 1907, 356, 72). The oil resulting from the action of 
phosphorus pentachloride on benzilic acid is poured on to ice 
contained in a flat dish of such size that a thin layer of the acid 
chloride is exposed to the action of water. When, after frequent 
stirring, the oil has solidified, it is powdered under ice-cold water, 
and the whole allowed to remain overnight in the ice-chest. The 
solid is then separated, washed with water and with light petroleum, 
and dried over paraffin wax under diminished pressure. In a 
typical preparation, using 50 grams of phosphorus pentachloride 
(2 mols.) and 27-5 grams of benzilic acid (1 mol.), the yield of crude 
product was 30 grams. This was crystallised from 150 c.c. of 
light petroleum (b. p. 40—50°). The crystals melted at 48-5— 
495°, whereas Bickel gives 50°. The yield was 21 grams, 68 per 
cent. of the theoretical. 

A solution of 40 grams of diphenylchloroacetyl chloride (1 mol.) 
in 100 ¢.c. of ether was gradually added within an interval of 
thirty-five minutes to the Grignard reagent prepared from 144 grams 
of bromobenzene (6 mols.), 400 c.c. of ether, and 48 grams of mag- 
nesium. The vigorous reaction was attended by the appearance 
fa green coloration in the solution. After boiling briskly for 
half-an-hour, the product was treated with ice and sulphuric acid 
in the usual manner. Overnight the colourless, crystalline solid 
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in suspension between the two layers was separated and washed 
with a little ether, in which it is sparingly soluble. It amounte 
to 22 grams and melted at 134—135-5°. The ethereal layer was 
extracted with sodium hydroxide to remove the phenol and fre 
acid present, the ether removed, and the residue distilled in , 
current of steam, when 13-3 grams of diphenyl were obtained, 
The residue, after removal of the diphenyl, was extracted with 
petroleum (b. p. 80—90°), and from the petroleum extract 7 grams 
of a product melting at 126—130° were obtained. The 29 gram: 
of crude crystalline material were crystallised from petroleum 
(b. p. 80—105°), when colourless needles melting at 135—136° 
separated. They contained no halogen, and gave the brilliant 
emerald-green coloration with concentrated sulphuric acid which 
is characteristic of triphenylvinyl alcohol. The molecular weight 
determined in benzene solution by the boiling point method gave 
the value 267 (cale. 272) (Found: C=88-1; H=6-0. Cale, 
C=88-2; H=5-9 per cent.). The yield of pure product was 58 per 
cent. of the theoretical. 

The action takes a different course when the Grignard reagent 
is added to the chloro-chloride under the following conditions. 
An ethereal solution of magnesium phenyl bromide prepared from 
84 grams of bromobenzene (3} mols.), 250 c.c. of ether, and 28 
grams of magnesium, was gradually siphoned within an interval 
of four and a half hours into a solution of 40 grams of dipheny!- 
chloroacetyl chloride (1 mol.) in 100 c.c. of ether. The flask was 
immersed in ice-cold water during the addition of the chloro- 
chloride, when two layers gradually separated, the upper layer 
being pale brown in tint and the lower layer dark brown. After 
forty hours, the decomposition was conducted as before, and in 
this case the ethereal layer assumed a bright orange tint, and a 
yellow, oily layer separated between the ethereal and aqueous 
layers. After five days, this oily layer solidified. It amounted 
to 4-5 grams and apparently contained no triphenylviny! alcohol, 
since it gave only a pale brown coloration with concentrated sul- 
phuric acid. It was crystallised several times from benzene, from 
which it separated sluggishly in tiny prisms, and melted at 256-5— 
257-5°. It was free from halogen, and was sparingly soluble in 
ethyl alcohol, ether, or light petroleum (Found : C=88-0; H=5%. 
C34H,,0, requires C=87-6; H=5-6 per cent.). 

The quantity of diphenyl obtained from the ethereal layer was 
12-8 grams. The main product of the action amounted to 37 grams, 
and on cooling after the removal of the diphenyl it was plastic, 
but gradually set to a brown, hard, amorphous mass with the 
appearance of aldehyde-resin. All attempts to isolate a definite 
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product from it failed. With concentrated sulphuric acid at the 
ordinary temperature a trace of the substance first became dark 
red, and on gently warming green. Apparently a trace of tripheny]l- 
rinyl alcohol was present, but after extraction with boiling petroleum 
the residue still gave no definite compound. 


Action of Magnesium Phenyl Iodide on Diphenylchloroacetyl 
Chloride. 


Since Schmidlin has shown that the behaviour of magnesium 
phenyl bromide and magnesium phenyl iodide on triphenylacetyl 
chloride is different, and since Gomberg obtained pentaphenyl- 
ethanol from $-benzopinacolin by using magnesium phenyl iodide 
in place of the bromide, the following experiments were carried out. 

Asolution of 13 grams of diphenylchloroacetyl chloride (1 mol.) in 
0 c.c. of ether was acted on as before with magnesium phenyl 
iodide, prepared from 60 grams of phenyl iodide (6 mols.), the chloro- 
chloride being added to the Grignard reagent. After decomposition 
with ice and sulphuric acid, the solid in suspension was removed 
and found to consist of pure triphenylvinyl alcohol (4-1 grams). 
The ethereal layer contained dissolved iodine, which was removed 
vith sodium hydrogen sulphite, and the free acids were removed 
as well as the diphenyl. The residue from the ether was a brown, 
plastic mass (7-2 grams), from which 4 grams of crude triphenylviny] 
alcohol were extracted by boiling petroleum. 

A solution of 13 grams of diphenylchloroacetyl chloride (1 mol.) 
in 50 c.c. of ether was siphoned within an interval of four hours 
into a solution of magnesium phenyl iodide prepared from 35 grams 
of phenyl iodide (33 mols.). When the addition was complete, the 
upper layer was orange-red and the lower layer reddish-brown. 
On remaining at the ordinary temperature, iodine was gradually 
liberated. After ninety hours, the manipulation was conducted 
as before. The resin produced in this case amounted to 13 grams, 
and contained very little triphenylvinyl alcohol. 


Action of Magnesium Phenyl Bromide on Triphenylvinyl Alcohol. 


Assuming that triphenylvinyl alcohol reacts in its desmotropic 
form, triphenylethanone, only one molecular proportion of mag- 
nesium phenyl bromide would be required to form the additive 
compound, Ph,CH-CPh,(OMgBr). Although in the following ex- 
periment an excess (3 mols.) of Grignard reagent was employed, 
considerable quantity of the triphenylviny] alcohol was recovered. 

Powdered triphenylvinyl alcohol (24 grams, 1 mol.), prepared 
by the dehydration of triphenylethylene glycol, was gradually 
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added within an interval of twenty minutes to the Grignard reagent 
prepared from 42 grams of bromobenzene (3 mols.). Heating was 
then carried out for four hours, and the product decomposed as 
usual. The solid in suspension amounted to 26 grams and cop. 
sisted largely of triphenylvinyl alcohol, of which 9 grams of the 
pure product were isolated by extraction with petroleum (b. p. 80— 
90°). The residue after extraction with petroleum was crystallised 
from benzene, when 3 grams of ««$$-tetraphenylethyl alcohol 
separated in colourless needles which melted at 232-5—233°, 
whereas Orékhoff (loc. cit.) gives 235—236° (Found: C=88-9; 
H=6-5. Cale., C=89-1; H=6-3 per cent.), 

An additional 2 grams were also isolated, whilst from the 
ethereal solution in which the solid had been suspended a small 
quantity of triphenylvinyl alcohol was also obtained. 

When a larger excess of magnesium phenyl bromide was em- 
ployed and when the heating after the addition of the reagent 
was prolonged for seven hours, the proportion of triphenylvinyl 
alcohol in the product was much smaller than was the case in the 
experiment just quoted. Twenty grams of triphenylvinyl alcohol 
(1 mol.) were heated for seven hours with a solution of magnesium 
phenyl bromide prepared from 70 grams of bromobenzene (6 mols.). 
The amount of solid which remained undissolved after the addition 
of ice and sulphuric acid was in this case only 8-7 grams, and the 
proportion of ««$$-tetraphenylethyl alcohol in this solid product 
was much greater than before. The product from the ethereal 
solution contained very little triphenylviny] alcohol. 


The authors desire to express their thanks to the Carnegie Trust 
for a grant in aid of this research. 
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CXXV.—Inorganic Complex Salis. Part I. Potass- 
ium Ferrioxalate and Potassium Cobaltimalonate. 


By Witt1aM THoMas. 


Potassium Ferrioxalate, |Fe(C,0,4)3|/K,,3H,0. 
Tue corresponding complex salts of cobalt, chromium, rhodium, 
and iridium have been resolved into optically active components, 
and it was considered interesting to try to obtain the active anti 
podes of the complex ferri-salt. 
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The salt was prepared by dissolving freshly precipitated ferric 
hydroxide in a solution containing the necessary amount of potass- 
ium hydrogen oxalate at 35—40°. The hydroxide dissolved to 
form a beautiful green solution, which on keeping gave well- 
developed, monoclinic crystals of the ferri-salt. 

When exposed to light, potassium ferrioxalate decomposes very 
readily according to the equation, 


2[ Fe(C,0,)3]K,=2[Fe(C,0,4).]K.+K,C,0,+2C0,, 


and yellow crystals of potassium ferro-oxalate are gradually de- 
posited from the solution. For this reason the preparation and all 
experiments with the complex salt were carried out in the dark. 

Attempts to resolve the ferrioxalate by combination with the 
alkaloid bases were unsuccessful. The tristrychnine salt was pre- 
pared and its solution (which was green) was placed in a dark, cool 
place. In twenty-four hours the solution had become colourless 
and a large crop of yellow crystals had been deposited. These 
were found to be distrychnine ferro-oxalate. The tristrychnine salt 
isevidently much more unstable than the corresponding potassium 
alt. The same results were obtained with brucine and cinchonine 
as active bases. To prevent this reduction, the method of frac- 
tinal precipitation was tried. The strengths of the potassium 
ferioxalate and alkaloid sulphate solutions were so chosen that 
m mixing about one-fifth of the alkaloid complex salt was precipi- 
tated. This, on conversion into the potassium salt by treatment 
vith potassium iodide, again gave negative results. 

For the resolution of a racemic compound by combination with 
active molecule, the necessary conditions are (1) stability of the 
intermediate compound, and (2) favourable solubility relationship. 
The above experiments show that the alkaloid ferrioxalates satisfy 
either of these conditions. The instability of the intermediate 
compounds in the above cases is easily explained by the fact 
tht the alkaloids are (1) weak bases and (2) readily oxidised. 
Experiments were next carried out with «-phenylethylamine as 
the active base. A solution of potassium ferrioxalate was mixed 
vith a solution containing the equivalent amount of the hydro- 
thloride of the base; this was then subjected to fractional crystal- 
sition in the dark. Green crystals of the ferri-salt were gradually 
eposited. The conversion of this salt into the potassium salt 
ould not be carried out by the addition of potassium hydroxide 
vlution, as this reagent precipitated ferric hydroxide. To the 
vlution of the phenylethylamine salt was added a solution of 
ttium chloride; this produced a green precipitate of barium 
tttioxalate, [Fe(C,O,)s],Bas, which was converted into the potass- 
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ium salt by shaking with a solution of potassium sulphate. 4 
solution of the potassium salt so formed was found to be inactive, 
The second fraction was dissolved in water and examined polar. 
metrically. This was a solution of the /-phenylethylamine salt of 
the complex. It was found to be levorotatory, but its activity 
rapidly diminished to zero. Active phenylethylamine has a very 
low rotatory power, [«], 25°65°. In the above dilute solution its 
rotation would be negligible and the rapid change observed in the 
activity is evidently due to the rapid racemisation of the ferri-salt, 
The next fraction was rapidly converted by the above method 
into the potassium salt. It was found to be optically active, but 
the activity was soon lost, as the following readings show. 
05 Per cent. solution. Time (mins.). Observed rotation. {M],. 
15 0°20° 874° 
30 0°10 437 
45 0°04 175 
60 zero — 
Initial [M],, (calculated) = 1748°. 


A solution of the potassium salt loses one-half of its rotatory 
power in fifteen minutes. Further fractions were collected and 
they were all found to contain the /-complex salt. This is a natural 
result of the rapid racemisation of the active complex salt. We 
have in the solution the following equilibrium : A B == A’B (A=! 
complex salt, A’ = d-complex salt, B = /-base). A B is less soluble 
than A’B and therefore crystallises first, this disturbs the equi- 
librium in the solution and the change A’B—>A B goes on until 
equilibrium is restored. More A B is deposited and so on, until finally 
the whole of A’B has been converted into the one active form. 
l-Phenylethylamine gives the /-complex salt and the d-base gives 
the d-complex salt. Similar results were obtained by Pope and 
Peachey in their resolution of methylethyl-n-propylstannic iodide 
(P., 1900, 16, 52). 

Racemisation is probably due to a partial breaking up of the 
complex : 

[Fe(C,0,)3] —> [Fe(C,0,).]+C,0,. 

The two remaining oxalato-groups would lie in one plane and 
the third oxalato-group could re-enter in two ways to form either 
of the enantiomorphous forms, 

C> 
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This detachment of one oxalato-group may be caused by : 
(l) Ionisation. These complex salts with complex anions ionise 
rimarily according to equation (a). 


(a) [Fe(C,0,),]K, —> [Fe(C,0,)3]’’+3K’. 


Secondary ionisation also sets in as represented by equation (6). 


(b) [Fe(C,O,4)3]’”” —> [Fe(C,0,)2]’+C,0,”. 


As a matter of fact, tests prove the presence of metallic ions 
aqueous solutions of these complex salts, for example, a solution 
¢ ammonium sulphide produces an immediate precipitate of the 
netallic sulphide. If potassium hydroxide is added to a solution 
if potassium cobaltioxalate, there will be gradually formed a pre- 
‘ipitate of cobalt hydroxide. In the case of potassium ferrioxalate 
the formation of a precipitate of ferric hydroxide is much more 
npid. This points to the fact that ionisation proceeds much 
fwther in the case of potassium ferrioxalate than in that of the 
wmesponding cobalti-compound. This might explain the rapid 
neemisation of the ferri-salt. 

With a view to prevent this ionisation, the complex salt was 
dissolved in a mixture of acetone and water. Attempts were also 
nade to suppress ionisation by working in a solvent containing 
scommon ion (an aqueous solution of potassium chloride). In 
- Muither of these cases was the rate of racemisation decreased. 

(2) The ferri-salt undergoes spontaneous reduction to the ferro- 
ult. This naturally involves the loss of optical activity, but 
rcemisation proceeds at a much greater rate than the reduction. 
It is possible that there is a reversible reaction—oxidation and 
reduction—going on in the solution. To overcome this, deter- 
uinations of activity were carried out in hydrogen peroxide as 
wlvent. Racemisation, however, was not influenced. 

Further experiments are being carried out to study this pheno- 
menon. 


Potassium Cobaltimalonate, [Co(CsH,0,)s]K3,3H,0. 


The stability of these complex salts depends very largely on the 
tumber of atoms in the rings which the central atom forms with 
the dibasic acids (compare Werner, Annalen, 1912, 386, 42). In 
the oxalato-complexes the ring contains five atoms, whilst there 
te six atoms in the ring of the malonato-compounds, and 
tte former are much more stable than the latter. All attempts 
fo prepare the succinato-complexes of the type [MeX,] have so 
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far been unsuccessful; in these the ring would contain seym 
atoms. 


0-C:0 O-co~ __~O-CO-CH, 
0:0 = ©°S9.c07FH2 = OO 9.0.0, 


Oxalato-. Malonato-. Succinato- (not prepared), 


Co< 


The cobaltimalonate has not been described, and it was con. 
sidered interesting to study its preparation and properties. 

Attempts were made to prepare it by the method employed for 
the corresponding oxalate, but the yield was at first very poor 
By slight modifications in the procedure, however, the yield was 
very much increased. Cobalt carbonate was dissolved in a satu. 
ated solution containing the necessary amount of potassium 
hydrogen malonate. The pink solution was cooled below 0’ 
excess of lead peroxide added, and 50 per cent. acetic acid poured 
into the solution very gradually, thé whole being stirred con. 
tinuously. The solution was filtered and to the dark green filtrate 
was added three times its volume of 97 per cent. alcohol. The 
precipitate was dissolved in water and reprecipitated with alcohol. 
The cobaltimalonate was thus obtained as a beautiful, dark green, 
crystalline precipitate; yield 12 grams from 10 grams of cobalt 
carbonate (Found: C=19°91; H=2°21; Co=10°89. 

[Co(C,H,O,)s]/K,,3H,O 
requires C=19°99; H=2°15; Co=10°92 per cent.). 

The complex salt is much more unstable than the corresponding 
oxalato-compound. A solution which had been kept in the dark 
for twenty-four hours deposited a large crop of pink crystals and 
the dark green solution had become colourless. The cobalti-salt 
had thus been reduced to the cobalto-salt, which is but sparingly 
soluble in water (compare the cobaltioxalate). With a view to 
prevent this reduction and to obtain measurable crystals, the 
complex salt was dissolved in a solution of hydrogen peroxide, 
which was placed in a cool, dark place. The presence of hydrogen 
peroxide retarded the reduction; the dark green colour of the 
solution, however, gradually disappeared and pink crystals of the 
cobalto-salt were again deposited. 

The sodium and ammonium salts were prepared, but were found 
to be more unstable than the potassium salt. 

Attempts to resolve the complex malonate have so far beet 
unsuccessful. The alkaloid salts are too unstable for fraction#l 
crystallisation, and negative results were obtained by the method 
of fractional precipitation. Combination with phenylethylamm 
as the active base also gave no activity. Further attempts will 
be made under different conditions. 
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The author would like to express his gratitude to Professor Sir 
Wiliam Pope and to Dr. W. H. Mills for the interest they have 
taken in this work, and for their valuable advice and criticism. 
While carrying out this research, he has held an 1851 Exhibition 
holarship and gratefully acknowledges this assistance. 
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(XXVI.—A New Method for Determining the Volatile 
Matter yielded by Coals up to Various Temperatures. 


By Witt1amM ArTHUR Bone and LEONARD SILVER. 


In has always been considered important, in connexion with the 

called ‘‘ proximate analysis ”’ of coals, to determine the amounts 
iif volatile matter expelled from them under certain prescribed 
wnditions. Such determinations, if properly carried out, would 
be capable of giving results of scientific as well as commercial 
value, inasmuch as they are useful in connexion with the classifica- 
tion of coals. The value of a particular test depends, however, 
lgely upon the trustworthiness of the information it affords as 
to (a) the precise amount of volatile matter expelled from the 
cal under given temperature conditions, and (b) the character 
df the carbonaceous residue obtained. However, as the amount 
if volatile matter yielded by a given coal varies considerably with 
the temperature at which it is carbonised, it is obvious that, unless 
the temperature conditions of a test are carefully attended to, its 
quantitative value may be small. Also, unless the heating opera- 
tion is carried out in such a manner as will effectually eliminate, 
orat least render negligible, the influence of air, the results may be 
nisleading. 

Hitherto, it has been customary to employ one or other of the 
two following methods. The first was recommended in 1899 by 
the American Chemical Society (J. Amer. Chem. Soc., 1899, 21, 
1122), and is known as the ‘‘ American Method ”’; it was originally 
prescribed as follows : 

“Place 1 gram of fresh undried powdered coal in a platinum 
tucible, weighing 20 to 30 grams, and having a tightly fitting 
‘over. Heat over the full flame of a Bunsen burner for seven 
ninutes. The crucible should be supported on a platinum triangle 
vith the bottom 6 to 8 cm. above the top of the burner. The 

RR2 
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flame should be fully 20 cm. high when burning free, and the deter. 
mination should be made in a place free from draughts. The upper 
surface of the cover should burn clear, but the under surface should 
remain covered with carbon. To find the Volatile Combustible 
Matter subtract the percentage of moisture from the loss found 
here.” 

A similar test was adopted by the chemists responsible for the 
Canadian Coal Survey, the only difference being that it was carried 
out on the dry, instead of the undried, coal (vide “* An Investigation 
of the Coals of Canada,” Vol. II., p. 134, by J. B. Porter, R. J. 
Durley, and others, issued in 1912 by the Canadian Department 
of Mines). The chief objections which have been urged against 
the method are (1) that the temperature conditions are not suff. 
ciently defined, (2) that the influence of air is not sufficiently elimin- 
ated, (3) that the employment of a platinum crucible introduces 
catalytic influences to an unknown extent, and (4) that it does not 
enable a trustworthy judgment to be formed about the coking 
properties of a coal. 

The second method is known as the “ Crucible Test,” and is 
usually carried out by carbonising 20 grams of the dried coal ina 
No. 3 Morgan fireclay crucible fitted with a suitable lid at a tempera- 
ture of 900° in a muffle furnace, the heating being continued for 
ten minutes after the evolution of inflammable gases has entirely 
ceased (for further details vide W. A. Bone, ‘ Coal and its Scientific 
Uses,” p. 57). This test is capable of giving valuable information 
as to the coking properties of the coal, and inasmuch as it can always 
be carried out at a definite temperature (900° being usually selected), 
it is on the whole perhaps preferable to the “‘ American ” method. 
Neither of the methods is, however, capable of the degree of pre 
cision which is nowadays needed for purposes of scientific class: 
fication. 

Some years ago, Lessing (J. Soc. Chem. Ind., 1912, 31, 468) 
described ‘“‘ A New Apparatus for the Coking Test of Coal” which 
obviated some of the disadvantages of the crucible test. One gram 
of the powdered coal was electrically heated, under slight pressure, 
for between five and seven minutes, in a long, vertical quartz tube, 
of about 10 mm. diameter, open at the upper end. The heating 
arrangements were such that most of the heat was concentrated 
at the bottom of the tube and on its walls for a distance of 15 mm. 
up; the upper part of it, being exposed to the air, was kept rele 
tively cool. ‘‘ The practical value of the apparatus” was sail 
by its author “ to lie principally in the fact that the coke obtained 
in it brings out the peculiarities of a coal in a much more strikitt 
fashion than does the coke in the crucible test’ (ibid., p. 466) 
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But, as regards the accurate determination of the volatile matter 
ina coal, it seems to us to be open to criticism in that (a) air is not 
acluded, (b) there is nothing to indicate with certainty the precise 
yoment when the expulsion of volatile matter ceases, and (c) the 
mperature to which the coal is heated during the test can scarcely 
ie regulated with sufficient accuracy. 

In the course of an investigation which one of us was asked to 
ary out upon a certain seam of anthracitic coal, it was desired 
io obtain accurate information concerning a suspected gradual 
tansition in the character of the coal in both vertical and hori- 
wntal directions in the seam. The extent and direction of the sus- 
yeted change would be shown by corresponding variations in the 


against 

t suff. yields of volatile matter obtained from samples taken at different 
elimin.@ parts of the seam. Since, however, the total variation in such 
oduces yields throughout the whole of the seam was not expected to amount 


tomore than two or three per cent., it will be seen that the degree of 
accuracy required in the determinations was considerably more 
than could be ensured from the employment of any of the methods 
already referred to. Moreover, on trying the first two methods, 
they utterly failed to give results of any value fo. the purpose in 
view. 

Accordingly, a new method had to be devised and, after extended 
tials, the following was ultimately adopted. As subsequent 
experience with it has shown its applicability to all types of coal, 
ve propose now to describe it in the hope that other workers may 
find it useful. 


EXPERIMENTAL. 


The New Method.—The new method consists essentially in car- 
bonising a weighed quantity of the finely divided coal at a definite 
temperature in a silica tube from which air is excluded during the 
operation, The tube is heated in an electric resistance-furnace 
which can easily be maintained within a few degrees of the desired 
experimental temperature, which is read by means of a suitable 
thermo-couple device. The general arrangement of the apparatus 
is shown in the accompanying diagram. 

The coal, having previously been dried and ground so as to pass 
asieve having 30 meshes to the linear inch, is quickly weighed out 
into a small silica tube, A (12 cm. x 1:5 cm.), which is closed at one 
end. The quantity of coal taken (usually 5 grams) should about 
half-fill this tube, which is then pushed, open end first, to the far 
end of the larger silica tube, B (30 cm. x 2°5 cm.). Throughout 
the ensuing test this “retort” part of the apparatus is kept in an 
inclined position so as to retain the coal in the smaller tube, which 
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is held towards the closed end of the larger one by means of the 
silica rod, C, as shown in the diagram. Into the mouth of Bj 
fitted a rubber stopper carrying a glass delivery tube, D, communi. 
cating with the upper part of the flask, Z, which is three-quarters 
filled with water. A second glass tube, F, passes from near the 
bottom of Z to near that of a second flask, G, which is open to the 
outside atmosphere and, at the outset of the experiment, contains 
nothing but air. 

All these preparations having been completed, the retort system 
is thereupon gradually introduced into a nichrome-wound and elec. 
trically heated tube furnace, H H, of suitable dimensions, which 
has previously been raised throughout a length of at least 30 em. 
to a uniformly constant temperature of 900°, as indicated by any 


\/ 


suitable form of thermo-junction pyrometer. The furnace is 
mounted that the axis of the tube coincides with that of the retort 
system. If experiments are to be made in duplicate, a small 
electrically heated muffle furnace may be advantageously employed, 
the two retort systems being simultaneously heated side by side 
in it. In either case, it is preferable that the furnace body be 
suitably mounted on small wheels, so that it may be gradually 
slid over the retort system; but, for the sake of simplicity, this 
adjunct is not shown in the diagram. 

As soon as the retort system has attained the temperature o 
the furnace, the volatile constituents of the coal are rapidly expelled, 
driving the air out of the tube before them. The water in the flask 
E is soon displaced into flask G by the issuing gas, which thea 
bubbles through the water-seal in G into the open air. The rate 
of evolution of the gas can thus be gauged, and the end of the 
carbonisation is indicated by its cessation. The time taken fa 
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the completion of the test is usually about forty minutes, being 
anther longer for anthracitic than for most bituminous coals. If, 
however, the coal contains a high percentage of volatile matter, 
are must be taken to draw the furnace very gradually over the 
rtort system. 

As soon as the expulsion of gas from the coal has ceased, the retort 
ystem is carefully withdrawn from the furnace and allowed to 
wol while still connected with the flasks EH and G. The ensuing 
entraction of the gases in the apparatus causes water to be sucked 
ck from G into #, but no air can be drawn into the system. 
When the retort is cool enough to be handled, the inner tube is 
arefully removed, contact with any remains of tarry matter in 
the lower part of the outer tube being avoided; it is then cooled 
ina vacuum desiccator, and finally weighed as rapidly as possible. 
The loss in weight gives the yield of volatile matter at 900°. 

General Applicability of the Method.—How entirely satisfactory 
the method proved to be when applied to the particular class of 
uthracitic coals for which it was originally devised may be judged 
fom the following tabulated results, in which the Roman numerals 
indicate the actual sequence of the various samples in the seam 
wder investigation; attention is directed both to the close agree- 
nent between duplicate determinations and to the unmistakable 
vay in which the continuous and gradual change in the character 
ofthe coal along the seam is brought out. 


TABLE I. 


Results showing the gradual Change in the Character of an 
Anthracitic Coal along a particular Seam. 


Coal Percentage of volatiles at 900° 
Sample No. found in different experiments. Mean. 


11°90 11°91 11°96 12°00 11°94 
11°59 11-69 11°65 
11°54 11°67 11°60 
11°38 11°30 11°34 
11°01 11°08 11°05 
10°79 10°86 10°83 
10°70 10°74 10°72 
10°60 10°62 10°61 
10°01 10°03 10°02 
9°88 9°91 9°90 


At a later stage of the investigation it was found that satisfactory 
results, showing a high degree of concordance, could be obtained - 
with almost every class of coal. The method of heating, however, 
required to be modified in certain cases. For example, one type 
of coal was found to decompose at red heat with considerable 
Violence; so much so that when it was carbonised in a fireclay 
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crucible by the ordinary “crucible method” there resulted 
explosion powerful enough to fracture the crucible. The difficu| 
was overcome by putting the retort system in the furnace when it 
temperature was 500°, and then gradually raising the temperatur 
until 900° was attained in about an hour and a half. This metho 
of slow heating also proved successful in the case of coals with ; 
very high percentage of volatiles, where there was a risk of log 
through the rapid evolution of gas blowing some of the finer coal 
out of the tube. 

Comparison of the New with Former Methods.—In order to ascer. 
tain how results obtained by our new method compare with tho 
yielded by the “ American” and “ Crucible” tests, respectively, 
a series of trials was made in which samples representative of different 
classes of coal were carbonised by each of the three methods. The 
results obtained are tabulated below, together with the differences 
observed in the results of duplicate tests by each method : 


TABLE IT. 


Comparison of Results obtained by the different Methods. 


Percentage of volatiles at 
900° as determined by Differences between 
a duplicate determina- 

(a) Pe tons in 
Silica American Crucible 
Coal. tube. method. method. (a) (b) (c) 

. Welsh anthracitic “95 12°82 13°59 0°10 : 112 
Welsh steam . 18°11 18°66 O11 . 0°28 
Welsh coking... , 21°19 20°34 0:07 ‘ 0-04 
Durham coking ... 26°2¢ 26°71 24°62 0°22 ? 0-04 
Brodsworth soft “43 40°24 36°64 0:06 P 0'16 
Bullcroft soft 39° 41°35 39°52 0°02 ; 0°16 
7° 36°68 35°64 0°36 ‘ 164 


GO 8 GR > 99 PO 


. Nigerian sub-bitu- 
minous “ 43°23 38°94 0°05 . 0°04 
. Cannel (S. Wales) “Of 56°42 52-92 0-02 ‘ 0°88 


~) 


The above results show that, in general (1) the silica tube method 
gives values intermediate between those given by the other two, 
the American method usually giving a higher, and the crucible 
assay method a lower figure, and (2) the degree of concordance 
is greater for the silica tube method than in either of the others. 

The figures obtained by the American method are probably as 
a rule too high for the following reasons: (1) the temperature 
. attained may rise beyond 900°, and (2) the evolution of the gas 
is so rapid that small particles of the coal are apt to be carried out 
of the crucible. Also, the results may be affected by the catalytic 
action of the platinum. 

Judging from our experiments, the crucible method gives results 
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yhich, whilst usually too high for coals yielding less than about 
0 per cent. of ** volatiles,” are almost invariably too low in the case 
of their yielding more than that percentage. The reason for this 
rather curious circumstance became apparent during our investiga- 
tion of the silica tube method. It was then found that whilst the 
evolution of gas was fairly rapid during the early stages, it became 
very slow towards the end of the carbonisation, and continued to 
be so for a considerable time before finally ceasing; the whole 
process required about forty minutes for its completion. Now 
inthe crucible method, as ordinarily carried out, the period of heating 
usually extends over about thirty minutes for a 20 gram charge; 
and in the cases of coals containing more than about 20 per cent. 
df volatiles, it seems that the evolution of gas would usually con- 
tinue for longer than ten minutes after the disappearance of visible 
fame, when the crucibles are withdrawn from the furnace. To 
lave them in long enough to complete the carbonisation would 
entail the risk of appreciable loss by oxidation through air coming 
incontact with the topmost layer of the carbonaceous residue (coke) ; 
hence the practice of withdrawing them (as it now seems) somewhat 
prematurely, with consequent low results, in such cases. On the 
other hand, when coals yielding less than about 20 per cent. of 
“volatile ’ at 900° are tested, the usual time allowed in the furnace 
is sufficient both to complete the carbonisation, and also to allow 
df some oxidation of the carbonaceous residue, so giving results 
which are too high. 

It would appear, therefore, that the determination of the yield 
of “ volatiles’ at 900°, or any other selected temperature, can be 
carried out with greater accuracy by the new method described 
in this paper than by either of the other two in common use. The 
thief advantages to be gained by using the new method may be 
summarised as follows : 

(1) The temperature conditions are more accurately known, 
aid can be regulated to a nicety. This applies also to any tem- 
perature that may be selected as the desired uppermost limit. 

(2) The rate of heating of the charge is under perfect control. 

(3) The carbonisation is carried out in an inert atmosphere, and 
there is no risk of oxidation. 

_ (4) Completeness of carbonisation at any selected temperature 
is assured, since the heating is always continued until no more 
bubbles of gas are evolved. 

(5) The volatile products, more especially the gas, can be collected 
lor examination, if desired, by attaching to the retort system any 
suitable arrangement of collecting and measuring vessels. 

(6) If the carbonaceous residue is sufficiently coherent to form a 

R R* 
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coke, the latter is obtained in a cylindrical form which is very 
convenient for subsequent examination. 


In conclusion, we desire to state that this investigation has 
formed part of the work carried out by one of us during his tenure 
of a Salters’ Fellowship at the Imperial College of Science and 
Technology, South Kensington. 

Fur. LABORATORIES, 


IMPERIAL COLLEGE or SCIENCE AND TECHNOLOGY, 
Soutn KENSINGTON. [Received, May 26th, 1921.} 


CXXVII.—The Mechanism of the Oxidation of Drying 
Oils as Elucidated by a Study of the True Oxygen 
Absorption. Part I. Linseed Oil and its Fatty 
Acids. 


By Samvuet Correy. 


Ir has been known for centuries that linseed oil on exposure to air, 
especially in thin films, gradually alters and finally “sets” toa 
tough elastic product, which is now known as linoxyn. 

During this process of “ drying,” which is due to atmospheric 
oxidation, the oil increases in weight, and it has been found by 
many investigators that the maximum increase in weight varies 
considerably, from 13 to 25 per cent., 18 per cent. being the value 
usually obtained. Further experiments have been made to obtain 
the oxidation curve for linseed oil by weighing a glass plate on 
which is spread a thin film of the oil (0-15 gram per 100 sq. cm), 
allowing the oil to oxidise and weighing at intervals of, say, ten 
hours. The results of such experiments show that at first there 
is a period of induction, during which there is very little oxidation; 
then follows a relatively rapid increase in weight, which rises to 
a maximum, after which there is a slow decrease in weight. This 
maximum percentage increase in weight is called the oxygen value, 
but for reasons to be given it should be called the apparent oxygen 
value. The real oxygen absorption is considerably greater than 
the maximum increase in weight because, while oxygen is being 
absorbed, volatile decomposition products are being evolved. 
Hence the apparent oxygen value is simply the point where the 
rate of loss of volatile matter is equal to the rate of oxygen absorp- 
tion. As has been shown recently, this value is dependent on the 
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temperature at which the oxidation takes place. Although Mulder 
(“Die Chemie der austrockenden Oele,” Berlin, 1867) directed 
attention to this and examined the volatile products more than 
half a century ago, this important fact has been repeatedly over- 
looked by more recent investigators. Borries (‘‘ Dissert., Leipzig 
lab. f. angew. Chem.,” 1903) obtained true oxygen values, but 
apparently the only true oxygen absorption curves are those of 
Friend (Proc. Paint Varnish Soc., May, 1914), who estimated the 
volatile products of oxidation. Friend’s experiments, however, 
were carried out at the ordinary temperature and seventy days 
were required to complete one estimation; even then, apparently, 
oxidation was not complete. His curves (see “The Chemistry of 
Linseed Oil,” J. N. Friend, 1917, p. 49) showed the marked difference 
between the apparent and true oxygen absorptions, but they only 
indicated the general shape of the curves. 

Apart from the results of Friend, there is scarcely any evidence 
as to the mechanism of the oxidation, as the curves give only the 
combined results of two processes, the oxidation and the loss of 
volatile products. Further, as the oxidation is so slow at the 
ordinary temperature, most of the work has been done in the 
presence of ‘‘ driers,” which were assumed to be catalysts; as will 
be shown in a subsequent contribution to this subject, such results 
ae not comparable with those obtained with oil alone. The 
volatile. products have received much attention during recent 
years, and the following conclusions are fairly well established. 
Mulder (loc. cit.) found that water, carbon dioxide, and acetic acid 
constituted the main products, along with small quantities of 
formic and acrylic acids. Traces of butyric acid have been detected 
by Sace (Annalen, 1844, 51, 213) and Gardner (Oil and Colour 
Trades Journ., 1914, 45, 1000), whilst acraldehyde has been detected 
in traces by Salway (T., 1916, 109, 138) in the earlier stages of the 
raction, and carbon monoxide by King (J. Ind. Eng. Chem., 
1915, 7, 502). No quantitative data, however, appear to exist as 
to the proportions of the main volatile products. 

The constitution of linoxyn, based as it is on the work done on 
the apparent oxygen absorption, and on the supposition that 
riers act as catalysts, is in some degree conjecture, and the views 
of Fahrion (Zeitsch. angew. Chem., 1910, 23, 722), and of Orloff 
WJ. Russ. Phys. Chem. Soc., 1910, 42, 658), although highly sugges- 
tive, need not therefore be discussed in detail. 

The aim of this research was to obtain true oxygen absorptions 
aid true oxidation curves, and to find the connexion between 
these and the volatile products and so to form some idea of the 
‘onstitution of linoxyn. 

R R* 2 
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EXPERIMENTAL. 


The oil used was guaranteed to be pure, unadulterated, ray 
linseed oil and the following constants confirmed its quality : 
iodine value (Wijs) 184-1; saponification value 193-6 (grams of 
KOH per kilo.) ; acid value 5-24 (grams of KOH per kilo.) ; glycerol 
(from above) 10-20, (by the acetin method) 10-30 per cent.; 

glyceryl (C,H;) 4:3; acids (by direct weighing) 95-63; total 
99-93 per cent. 

The absorption of oxygen might have been followed by leading 
gas through a known quantity of oil and then through weighed 
tubes for the absorption of the volatile products (Friend, /oc. cit), 

However, as shown by Genthe (Zeitsch. angew. Chem., 1906, 
19, 2087), for complete and uniform oxidation the oi! must ‘e in 
a thin film, and the volatile products must be rapidly absorbed. 
In this investigation a modified form of Genthe’s apparatus was 
used. 

The film of oil was obtained by soaking a filter-paper (11 em. 
diameter) with a known volume of a “ standard ”’ solution of the 
oil in light petroleum (b. p. 40—60°). The filter-paper was placed 
in the apparatus, which was then closed, completely filled with 
hydrogen, and placed in a thermostat at 100°, this temperature 
being chosen because it was thus possible to complete an estimation 
in six to seven hours. When the temperature of the film of oil was 
constant, the apparatus was quickly filled with oxygen (time 
required, one minute) and manometer readings were taken at 
intervals. The volume of the apparatus was determined by 
measuring the volume of water required to fill it, corrections being 
applied for the volume of the absorbents and manometer leads. 

The most satisfactory absorbents were found to be sulphuric 
acid and solid potassium or sodium hydroxide. 

In the early experiments irregular results were obtained, which 
were due to the choking of the tubes containing the absorbents 
owing to the action of the volatile products. 

It was evident that a larger absorbing surface was required, 
and the final apparatus was as follows: Broken pumice, soaked 
with sulphuric acid, was placed at the bottom of a 500 c.c. flask, 
care being taken not to “wet” the neck. In order to expose 4 
large surface of alkali, a stick of sodium hydroxide was wrapped 
in copper gauze and one end of the roll was fitted into a glass cup. 
The roll was lowered cup first into the flask, and the filter-paper 
containing the oil film was then suspended in the neck from a hook 
in the stopper. The apparatus was then filled with hydroget; 
the subsequent procedure was as before. A further improvement 
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was made in measuring the volume of the apparatus by a method 
based on the principle of Joly’s volumenometer. The volume, V, 
of the apparatus is given by the equation 


V= Po—P2 | y, 
P2—Pi 
where v is the volume of the auxiliary bulb (J) attached to the 
apparatus, and , ~, and py are, respectively, the pressures in 
the bulb, in the apparatus, and in the latter when connected with 
J. The gas in the auxiliary bulb must be free from carbon dioxide 
and water vapour; in practice, the method of filling with water 
gave quite as accurate results. 

Blank experiments with this apparatus showed that no absorption 
took place by oxidation of the paper, etc., and the efficiency of the 
absorbents was proved by admitting one to two per cent. of carbon 
dioxide and water vapour, when complete absorption occurred in 
sixty seconds. 

In Table I are given the results obtained with the linseed oil. 


TABLE I. TABLE II. 


Linseed Oil. Fatty Acids. 


Weight of oil. Oxygen absorption. Weight of acids. Oxygen absorption. 
Gram. Per cent. Gram. Per cent. 
0°6533 28°6 0°3450 30°06 
0°6380 28°9 0°3725 30°20 
0°4446 28°1 0°3450 30°05 
0°5726 29°2 0°3450 30-06 
07172 28°7 —--- 
0°4630 29-0 Mean 30:09 


Mean 28°7 


Although the amount of oil varies considerably, it will be noticed 
that the results are constant; the extreme values differ by 2 per cent. 
from the mean, whilst the error in most cases is less than 1 per cent. 

The fatty acids of the linseed oil were also examined in a similar 
manner to ascertain whether the glyceryl radicle had any effect on 
the mechanism of the oxidation; the results obtained are given in 
Table IT. 

The results are quite constant and clearly show that the true 
oxygen absorption, unlike the apparent oxygen value, is a definite 
quantity; it is also much higher than the values hitherto obtained 
lor the so-called oxygen value. 


True Oxygen Absorption Curves. 


The oxidation of linseed oil in an atmosphere of constant oxygen 
toncentration is a heterogeneous reaction. When oxidation occurs 
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in thin films, the reaction curve for a pure individual substance, 
as is well known, approximates to that of a unimolecular, non. 
reversible reaction. This was appreciated long ago, and many 
attempts have been made to bring the apparent oxygen absorption 
curves into conformity with a logarithmic curve; formule have 
been put forward from time to time, such as 


1 ( A 
k= 744 py 18 ~- 
(Orloff, J. Russ. Phys. Chem. Soc., 1910, 42, 658; 1911, 43, 
1509), where A is the total apparent oxygen absorption and B is 
a constant. 
Fie. 1. 
Mean and Extreme Oxidation Curves for Linseed Oil and Fatty Acids, 
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Since linseed oil is a complex mixture of substances which will 
certainly oxidise at different rates, and since hitherto only apparent 
oxygen values have been used, it would be quite fortuitous were 
these curves logarithmic. 

Fig. 1 shows the oxidation curves obtained for linseed oil and 
the fatty acids, and Table III a typical set of readings from 
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which the curves were obtained. These curves show that at first 
there is a period of induction which, in the case of linseed oil, lasts 
for almost fifteen minutes; then a moderately rapid oxidation 
commences, but gradually the velocity diminishes until after six 


TaBLeE III. 


Data for the Oxidation Curve. 


Weight of oil 0°6380 gram. Volume of the apparatus 630 c.c. Temperature 
100°. Time period 0°5 hour. Period of induction 20 minutes. 


Pressure in Mean Corrected * Corrected Percentage 
mm. pressure (Py). time period. time. absorptfon. 
765 — 0 0 
737 757 “46 0°494 3°80 
665 701 P 0°955 13°58 
630 648 426 1°381 18°34 
610 620 P 1-789 21-06 
596 603 i 2°185 22-96 
578 582 , 2-957 25°40 
572 574 ‘ 3°334 26°22 
566 569 ‘ 3°708 27°04 
563 565 “¢ 4:079 27°45 
560 562 ‘ 4°448 27°86 
557 559 ‘ 4-815 28°26 
555 556 ; 5°180 28°53 
553 554 . 5°544 28°80 
552 553 . 5°907 28-90 


* Readings were taken every half hour, but owing to the change in oxygen 


concentration this time period had to be multiplied by aap to obtain a corrected 


time period which would hold with constant oxygen concentration. 


hours oxidation is complete. Further, the curves are quite smooth 
and, as is very well shown in the case of the fatty acids, they are 
constant and almost coincide over their whole length. The curves 
also are not identical with that required for a unimolecular reaction, 
as is shown in Table IV, which gives 4,, the unimolecular constant 
calculated from the mean experimental curve for linseed oil. 


TABLE [V. 
Time (t)* Absorption (7). a—x. k=) log. t.. 
a-— 


0°994 
1-110 
0°927 
0-921 
0°836 
0°862 
0°839 
0°858 
0-862 
0-971 
1-068 
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Examination of the Volatile Products. 


The primary oxidation of linseed oil is probably a molecular 
autoxidation in which molecules of oxygen are added at the double 
linkings. 

—CH —CH—O 
Ht _¢H_-6 

The chief evidence in favour of this view is as follows :— 

(a) In the early stages, the ratio apparent oxygen absorption: 
decrtase in iodine value is approximately O, : I, (Fahrion, loc. cit), 

(6) During oxidation the linseed oil can liberate iodine from 
potassium iodide; hence peroxides are formed. 

In his extensive researches on autoxidation, Traube (“ Vorgiinge 
der Autoxydation,” Vieweg, Brunswick, 1904) detected hydrogen 
peroxide, and therefore it was thought desirable to search for this 
compound in the volatile products. The oxidation was carried 
out with a film of oil at 100° in a current of “pure” air. Under 
these conditions, owing to the elevated temperature, it was probably 
only possible to detect a small quantity of the hydrogen peroxide 
produced, but nevertheless a very strong reaction was obtained by 
passing the volatile products through a starch—potassium iodide 
solution. From 2 grams of oil iodine equivalent to 0-00136 gram 
of hydrogen peroxide, or about 0-1 per cent. calculated on the 
weight of oil used, was obtained. Hydrogen peroxide was also 
obtained from the fatty acids. It thus seems that the peroxide 
test might be due in part to hydrogen peroxide and this might be 
taken as further evidence for assuming this reaction to be an 
autoxidation. 

As mentioned in the introduction, the chief constituents of the 
volatile products are water, carbon dioxide, and volatile fatty 
acids, of which acetic acid forms the major part. In order to 
estimate the proportion of carbon dioxide to fatty acids, therefore, 
a known amount of oil was put on a filter-paper as usual and 
oxidised in a stream of oxygen at 100°; the volatile products were 
passed into a known amount of standard baryta solution. After 
the reaction the excess of the latter was titrated with standard 
hydrochloric acid, with phenolphthalein as indicator, and the 
carbon dioxide in the precipitated barium carbonate was estimated 
gravimetrically. From these results the amounts of carbon dioxide 
and of the carboxylic acids given in Table V were calculated. 


Ratio CO, : CO,H=1 : 1 for linseed oil. 
=1 : 0-92 for fatty acids. 
=1: 1 approximately. 
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TaBLeE V. 


Volatile Acids. 
Oxygen 
Oxygen present as 
C.c. of N/10- Weight of Carbon di- present carboxylic 
Weight of oil. Ba(OH), BaCQ3. oxide. as CQ,. acid. 
Grams. neutralised. Gram. Percent. Percent. Per cent. 
23900 90-0 0°5763 5°38 3°91 
23494 86°3 0°5712 5°41 3°94 
23460 86°6 0°5682 5°40 3°94 
2:3500 86°3 0°5721 5°41 3°94 
Weight of Mean 3°94 
fatty acids. 
Gram. 
0°8625 
09184 


Discussion of Results and Conclusions. 


From the results already given the following conclusions can be 
drawn. 

1. The method used to obtain the oxidation value within a 
rasonable time is accurate to within 1 per cent. 

2. The true oxygen absorption, unlike the apparent oxygen 
absorption, is a perfectly definite quantity for a given oil (compare 
Genthe, loc. cit.). 

3. The ratio of oxygen absorption to iodine absorption is 0-156. 
This shows that the suggestion of Fahrion (loc. cit.) that the ratio 
isthe same as that of the atomic weights, namely, 0-126, is erroneous. 

4, From (3) it follows that the oxidation is not simply a molecular 
autoxidation, because the oxygen absorption is 25 per cent. higher 
than it would be on this assumption. From Weger’s work (see 
Fahrion, Joc. cit.) it seems that the primary reaction at least is a 
nolecular autoxidation, and certainly from the fact that atmos- 
pheric oxygen is absorbed at the ordinary temperature this seems 
the most probable course of the reaction. Linseed oil contains 
+5 per cent. of oleic acid, and it is known that this acid does not 
wxidise at 100°. This corresponds with 4-5 units in the iodine 
value and therefore the iodine value equivalent to the oxygen 
absorption is 180 with the oil studied, which on the basis of a 
imple molecular autoxidation would require an oxygen absorption 
of 22-7 per cent. This leaves an “ excess’? oxygen absorption of 
60 per cent. Further, if it is assumed, as a very probable working 
hypothesis, that the first stage in the oxidation is a molecular 
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autoxidation, which is followed by a further “ excess” oxidation 
giving rise to the volatile acid products, then some relationship 
might possibly be found between the amount of oxygen in the 
latter and the “excess’’ oxygen absorption. As already show, 
the total amount of oxygen in the volatile acid products is 8 per 
cent. in the case of linseed oil. Hence the following ratios 


CO, : CO,H=1: 1 
Volatile oxygen : excess oxygen=8 : 6 
=4:3 
=CO,+CO,H : excess oxygen. 


On account of their simplicity, these ratios may be taken a 
evidence in favour of the above hypothesis. 

Linseed oil, however, is a mixture of linolates and linolenates, 
and as there is no method of satisfactorily estimating these two 
constituents, the data so far obtained are insufficient to show how 
each is oxidised and exactly what each contributes to the course 
of the oxidation of linseed oil. This matter will form the subject 
of a subsequent communication. 


The Effect of the Glyceryl Radicle. 


Bauer and Hazura (Monatsh., 1888, 9, 459) isolated glycerol 
from linoxyn, and hence it has been assumed that the glyceryl 
radicle exerts no influence on the course of the reaction. 

On this assumption the oxygen absorption calculated from the 
results obtained with the oil should be 30-00 per cent.; the value 
actually found by oxidation of the fatty acids is 30-09 per cent. 

The calculated quantity of carbon dioxide (5-6 per cent.) agrees 
closely with that found experimentally with the acids (5-52 per 
cent.), whilst the CO,:CO,H ratio is in fairly good agreement 
with that found for linseed oil. 

These experimental results, therefore, confirm the suggestion 
that the glyceryl radicle exerts no influence on the modus operandi 
of the reactions. 

Some investigators have stated that the fatty acids oxidise 
more slowly than the oil, but it is evident from the curves obtained 
that the induction period is very small and the rate of oxidation 
initially much more rapid. This very rapid initial oxidation made 
it necessary to prepare the acids in an atmosphere of hydrogen. 
A sample prepared in the ordinary way gave a true oxygen absorp- 
tion of 28-5 per cent. 


The author wishes to express his indebtedness to Professor 
F. 8. Kipping, F.R.S., for his advice and encouragement during this 
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OXXVIII.—Metallic Derivatives of  Nitrophenolic 
Compounds. Part I. Interaction of Barium, 
Strontium, and Calcium Hydroxides with the 
Mononitrophenols. 


By ARCHIBALD EDWIN GODDARD. 


TuEsE researches are being undertaken, first, to ascertain what 
influence various metals have on the colour of nitrophenoxides ; 
secondly, to throw further light on the co-ordination numbers of 
the metals concerned. Finally, it may be possible to ascribe 
definite formule to metallic hydroxides of doubtful composition, 
on the assumption that each hydroxyl] of the latter will react with 
one phenolic group. 

The o- and p-nitrophenoxides of the above metals were inves- 
tigated by Fritzsche (Annalen, 1859, 110, 150), but in most cases 
the only estimation carried out was the water in the hydrated 
salts, no nitrogen or metal analyses being given. Moreover, neither 
details of the preparation of the individual hydrates nor their 
solubilities are recorded. 

All the compounds now described were made by the action of 
the metallic hydroxides on the nitrophenols, but Fritzsche prepared 
his para-compounds by interaction of the chlorides and sodium 
p-nitrophenoxide. 

In addition to the already known barium o-nitrophenoxide 
(anhydrous) and the hydrated para-salt (+8H,O), the following 
have been isolated :—meta-series, anhydrous salt and hydrated 
forms containing four and five molecules of water, and the anhydrous 
para-salt. 

Post and Mehrtens (Ber., 1875, 8, 1553) obtained the meta- 
hydrate (+2H,0) as a yellow, crystalline powder, but since its 
colour does not fall between those of the anhydrous salt and the 
hydrate (+-4H,0), its existence appears to be doubtful. 
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To the strontium o-nitrophenoxide (+3H,O) and para-derivatiye §. 
(+-7H,O) are now added the anhydrous ortho-salt, the corresponding 
meta-compound and its hydrated forms (+-4H,O and +8H,0), and 
the anhydrous para-salt with its hydrate (+8H,0). 

In the meta-series the hydrate (+8H,0) is unstable in air and 
rapidly becomes anhydrous, whilst the para-compound (+7H,0) 
has not been again isolated. 

In the case of the calcium salts, Fritzsche obtained the hydrated 
o-nitrophenoxides (+H,O and +4H,O) and mentioned the 
anhydrous compound; but only one para-compound (+4H,0) 
is described. The author failed to obtain the ortho-monohydrate, 
but isolated the hydrates (+2H,O and +4H,O). The anhydrous 
meta-derivative and its monohydrate are now described and in 
the para-series the anhydrous compound and hydrated forms 
(+24H,0, +3H,0, +5H,0, +8H,0). 

Details of the preparation of all the above compounds and also 
of those of Fritzsche are now recorded. 

All the ortho-salts are red, the meta- tend towards orange, and 
the para- yellow, addition of water being coincident with decrease 
of colour. It would appear that this colour change in the three 
series is due to the shifting of the nitro-group away from the metal. 
As the colour decreases the solubility increases, both in anhydrous 


and hydrated salts. It is noticeable that no ortho-derivative has 
more than four molecules of water, meta-salts with more than five 
molecules seem unstable, but in the para-series the maximum is 
eight and the compounds are quite stable in air. 


EXPERIMENTAL. 


Barium o-nitrophenoxide was obtained by the interaction of 
2 grams of barium hydroxide (8H,O) and 1°8 grams of o0-nitrophenol 
in 30 c.c. of water, the resulting solution being rapidly concentrated 
and quickly cooled. Only the anhydrous salt was obtained, which 
did not melt at 300° (Found: N=6°53; Ba=33°21. C,,H,O,N,Ba 
requires N=6°'77; Ba=33°18 per cent.). The salt crystallises in 
brilliant scarlet plates which are moderately soluble in warm 
alcohol, acetone, or pyridine, and insoluble in other organic 
solvents. 

Barium m-Nitrophenoxides.—Similar quantities were used to the 
above and the solution evaporated to about 8 c.c., when orange- 
yellow needles were obtained (Found: N=5°79; Ba=28°45; 
H,O=14'95. C,,H,O,N,Ba,4H,O requires N=5°76; Ba=28'26; 
H,O=14'82 per cent.). It is soluble in alcohol, acetone, or pyridine, 
slightly soluble in chloroform, ethyl acetate, or ether, and insoluble 
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in carbon tetrachloride or toluene, becoming anhydrous in the 
latter. 

In a second preparation, the solution was evaporated to about 
15 cc. and allowed to cool slowly, when long, orange needles 
were deposited (Found: N=5°55; Ba=27:31; H,O=17°91. 
(,yH,O,N,Ba,5H,O requires N=5:56; Ba=27:'25; H,O0=17°88 
per cent.). In its solubilities this salt is similar to the former one. 


air and 


+7H,0) 


_ By heating either salt at 170—180° for a short time the anhydrous 
: 4 : compound was obtained as a dull red powder (Found: N=6°80; 
rik Ba=33'45. Cale., N=6°77; Ba=33'18 per cent.). This salt is 
wi at moderately soluble in ethyl acetate and slightly soluble in ether; 
| ns d : its solubility in other solvents is the same as those of its hydrates. 


Barium p-nitrophenoxide was prepared like the ortho-compound 


- forms (Found: N=6°53; Ba=33°14. Cale. (anhydrous), N=6°77; 
“e Ba=33'18 per cent.). The salt crystallises in yellow plates and is 

soluble in alcohol, acetone, or pyridine and insoluble in other organic 
— slvents. The salt was dissolved in water and allowed to cool very 
“at a sowly, when large, yellow, rhombic crystals were deposited 
: nd (Found: Ba=24'34; H,O=2614. C,,H,O,N,Ba,8H,O requires 


Ba=24'61; H,O=25°82 per cent.). 

Strontium o-nitrophenoxide was prepared by evaporating a 
solution containing 2°7 grams of strontium hydroxide (8H,O) and 
28 grams of o-nitrophenol in 50 c.c. of water until crystals appeared 
(Found: N=6°63; Sr=20°58; H,O=12°89. C,,H,O,N.Sr,3H,O 
requires N=6°69; Sr=20°95; H,O=12°92 per cent.). The salt 
crystallises in pale orange plates and is readily soluble in cold 
pyridine, less soluble in warm alcohol, acetone, or ethyl acetate, 
and insoluble in other solvents. The solutions have a red tone 
except the one in ethyl acetate, which is bright yellow. In boiling 
chloroform, the compound becomes deep red, but reverts to its 
orange colour again on cooling. 

By heating the salt at 180° for three hours, the anhydrous, deep 
orange compound was obtained (Found: N=7:70; Sr=23°70. 
C\pH,O,N,Sr requires N=7°69; Sr=24°05 per cent.). In its 
solubilities it resembles the hydrate. 

Strontium m-Nitrophenoxides.—The same quantities were used as 
in the above case, the solution was evaporated to about 20 c.c. 
and kept for three days, when long vermilion needles appeared, 
which were filtered and dried (Found: N=6-40; Sr=19°83; 
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“> H,0=15°63. C,,H,O,N,Sr,4H,O requires N=6:42; Sr=20-08; 
3-96. H,O=16'51 per cent.). 
line In a second preparation the solution was evaporated to one- 


third of its bulk and quickly cooled. Golden-orange needles were 
obtained, which were rapidly dried (Found : N=5°43; Sr=17:23; 


luble 
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H,O=28°32. C,,.H,O,N,Sr,8H,O requires N=5°52; Sr=17-24. 
H,O=28°35 per cent.). 

When this compound is exposed to the air for half an hour or 
left in contact with organic solvents, it becomes anhydrous and 
brilliant red (Found: N=7°65, 7°70; Sr=23°84. Cale., N=7-69. 
Sr=24:05 per cent.). The salt is completely soluble in warm 
alcohol or acetone (the colour is pure yellow in the latter), moderately 
soluble in carbon tetrachloride or pyridine, and insoluble in other 
organic solvents. 

Strontium p-nitrophenoxide, prepared in the usual way, was 
allowed to remain for two days before being filtered, and yielded 
small, brilliant yellow needles (Found: N=5°53; Sr=17-2; 
H,O=28°14. Cale. for salt with 8H,O, N=5°52; Sr=172%; 
H,O=28°'35 per cent.). The salt was soluble in alcohol, acetone, 
or pyridine, and insoluble in other organic solvents. 

Calcium o-Nitrophenoxides——Two grams of o-nitrophenol and 
0°53 gram of calcium hydroxide were boiled in 50 c.c. of water, 
the solution was evaporated to 10 c.c. and then cooled. Pale 
orange, blunt needles were obtained (Found: N=8°03; Ca=11°5; 
H,O=10°00. C,,H,O,N,Ca,2H,O requires N=7°94; Ca=11°36; 
H,O=10°21 per cent.). The salt is moderately soluble in alcohol, 
acetone, pyridine, or ethyl acetate, slightly soluble in ether, 
chloroform, or carbon tetrachloride, and insoluble in toluene or 
light petroleum. 

In a second preparation, when the above quantities were used and 
the solution was boiled for ten minutes and then cooled, a deposit 
of pale orange plates was cbtained (Found : N=7:25; H,O=18'64. 
C,,H,O,N,Ca,4H,O requires N=7:'21; H,O=18°53 per cent). 
By heating this hydrate at 180° for two hours the deep red, anhydrous 
salt was obtained (Found : Ca=12°65. Calc., Ca=12°65 per cent.). 
This compound differs slightly from the above by being moderately 
soluble in ether or ethyl acetate, but insoluble in chloroform or 
carbon tetrachloride. 

Calcium m-Nitrophenoxides—When the same quantities were 
used as for the ortho-salt and the solution was boiled for a few 
minutes, a precipitate of microscopic, reddish-orange needles 
was obtained (Found: N=8-42; Ca=11'75; H,O=4'%6. 
C,,H,O,N,Ca,H,O requires N=8°37; Ca=11:97; H,O=5:38 per 
cent.). 

From a very concentrated aqueous solution of this salt the 
anhydrous salt is obtained in small rosettes of deep orange needles 
(Found: N=9:05; Ca=12°88. Calc., N=8°85; Ca=12°65 pet 
cent.). The anhydrous compound is only slightly soluble in pyridine 
or chloroform and is insoluble in other organic solvents, but the 
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hydrated salt is soluble in alcohol, ether, pyridine, or chloroform. 
The anhydrous salt was dissolved in water and the solution kept 
for several days, when pale orange needles separated, which were 
found to be a mixture of the above two compounds. 

Calcium p-Nitrophenoxides—By heating any of the following 
hydrated salts at 220° for one hour, the anhydrous compound was 
obtained as a deep yellow substance (Found : N=8°70; Ca=12°38. 
(ale, N=8°85; Ca=12°65 per cent.). This salt is soluble in 
alcohol or pyridine, slightly soluble in ether, and insoluble in other 
organic solvents. 

By the use of the same quantities as in the preparation of the 
ortho-salt, evaporation to 30 c.c. and keeping overnight, long, 
lemon-yellow needles separated (Found: N=6'93; Ca=9°64; 
H,0=21°62. C,,.H,O,N,Ca,5H,O requires N=6°89; Ca=9°85; 
H,0=22'14 per cent.). This hydrate is soluble in acetone, but 
insoluble in ether. 

In a second preparation a solution of 4 grams of the nitrophenol 
and 1:06 grams of calcium hydroxide in 60 c.c. of water was boiled 
and filtered. Short, microscopic, yellow needles separated and 
were rapidly dried (Found: N=7'90; Ca=11°07; H,O=12°56. 
(gH,O,N,Ca,2$H,O requires N=7°75; Ca=11°08; H,O=12°45 
per cent.). 

The filtrate from these crystals was evaporated to 10 c.c. and 
slowly cooled. Glistening yellow needles were deposited (Found : 
(a=8'38; H,O=31'24. C,,H,O,N,Ca.8H,O requires Ca=8°69; 
H,0=31-27 per cent.). This salt differs from the hydrate (+5H,0) 
in being soluble in ether, and it melts in its own water of crystallisa- 
tion at 80—90°. From the above hydrate (+2}H,O), by exposure 
to air, the hydrate (+3H,O) was obtained (Found: N=7°68; 
(a=10°85; H,O=14°70. Cale., N=7°56; Ca=10°81; H,O=14°58 
per cent.). 


The author desires to express his thanks to Professor G. T. Morgan 
for the interest he has shown in this work. 


THE UNIVERSITY, 
EDGBASTON, BIRMINGHAM. [Received, June 14th, 1921. 
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CXXIX.—Interaction of Sulphur Monochloride an 
Organic Acid Amides. 


By Kuversi Gosar Naik. 


THE reaction of acid chlorides with amides, amines, and their 
derivatives appears to have been extensively studied. In particular, 
a number of investigations on the interaction of various amines and 
sulphur monochloride have been carried out (Claus and Krall, Ber, 
1871, 4,99; Edeleano, Bull. Soc. chim., 1891, [iii], 5, 173; Roorda 
Smit, Ber., 1875, 8, 1445; Schmidt, Ber., 1878, 11, 1168; Michaelis, 
Ber., 1895, 28, 165), but no systematic study of the interaction of 
sulphur monochloride and organic acid amides or their substituted 
derivatives appears to have been made. 

The reaction of sulphur monochloride with dry ammonia gas is 
very vigorous. When sulphur monochloride is dropped into the 
gas, flashes of light are produced and heavy clouds of ammonium 
chloride are developed, with the simultaneous deposition of 
sulphur. 

In view of this it is to be expected that— 

(i) The amido-group in the organic amides will readily react 
with sulphur monochloride and give rise to sulphides : 

NEE t+ GD 8S —> TyE>SS —> NES +S. 

(ii) Amines will be more reactive than amides on account of their 
more strongly basic character. 

(iii) Amides of the monocarboxylic acids, such as acetamide, 
may be expected to condense with sulphur monochloride more 
readily than the amides of the dicarboxylic acids, such as oxamide, 
because the two carbamy]l groups in adjacent positions in the latter 
may be expected to increase the acidity, and thus render the NH, 
group in such amides less reactive. 

These expectations have been fulfilled by the results of the present 
work. Oxamide, succinamide, malonamide, phthalamide, and 
phthalimide do not react with sulphur monochloride. Oxanilide 
also proved unreactive, whilst malonanilide condensed in the manner 
characteristic of -CO-CH,°CO: derivatives (this vol., p. 379). 

As regards the other amides which have been investigated, 
namely, acetamide, butyramide, benzamide, benzanilide, carbamide, 
thiocarbamide, thiocarbanilide, and salicylamide, it may be noted in 
the first place that carbamide gave chiefly ammonium chloride and 
sulphur, along with hydrogen chloride. The reactions with acet- 
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amide, butyramide, and benzamide followed a very simple course, 
two molecules of the amide condensing with one molecule of sulphur 
yonochloride to give a diamido-sulphide. Thus: 
2CH,°CO-NH, + Cl,S:S=(CH,°CO-NH),S + 2HCI +- 8. 
(I) 
The reaction with thiocarbanilide resulted in the condensation of 
two molecules of the anilide : 
ara ”NHPh —— _ NPh-NPbN, pg 1 
(IL) 

This reaction is similar in many respects to that observed by 
Hector (J. pr. Chem., 1892, [ii], 44, 492; compare also Dodt, Ber., 
1906, 39, 1014), who found that two molecules of an unsymmetrical 
disubstituted thiocarbamide condense under the influence of sulphur 
uonochloride, giving a product from which the four hydrogen 
atoms have been eliminated, 

N PhMe-C<"S>C-NPhMe or NPhMe-CS:N:N-CS:NPhMe. 

The reaction with thiocarbamide is specially interesting, as it can 
be explained on Werner’s view of the constitution of thiocarbamide. 
Werner (T., 1919, 145, 1168) suggested that in a neutral solution 
thiocarbamide is present in two forms in equilibrium, thus : 


NH NH 
) HN: > = HN: : 
(a) C<4 HNC). 


In the present case, the form (b) can be taken as the active modi- 

fication, the reaction with sulphur monochloride being as follows : 
2NH°C(NH,):SH -+- Cl,S:S = [NH°C(NH,)°S],8,2HCl + 8S. 
(III) 

Benzanilide reacts with sulphur monochloride to produce a tri- 
sulphide, S(S*C,H,-NH-COPh),, similar to that resulting from 
acetanilide and sulphur monochloride (Schmidt, loc. cit.), whilst 
salicylamide produces a disulphide, 

NH,°CO-C,H,(OH)-S*S:C,H,(OH)-CO-NH,. 

Although phthalimide has no action on sulphur monochloride, its 

potassium derivative reacts to form a di-imino-sulphide, 


2H, <CO>NK + C1,S:S = | CH L<GO>N |S + 2KCl + 8. 


ExPERIMENTAL. 
N-Sulphidobisacetamide (1). 


Sulphur monochloride (25 grams), dissolved in a small quantity 
of benzene, was gradually added to a boiling solution of acetamide 
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(10 grams) in dry benzene (200 c.c.). The reaction began at once, 
with the slow evolution of hydrogen chloride. After six hour, 
the undissolved white mass was collected, washed with dry benzene 
to remove the undecomposed sulphur monochloride, and crystallised 
from alcohol, from which the product separated in slender needles, 
m. p. 192°. 

The compound dissolved readily in hot water, and decomposed 
aqueous silver nitrate with the formation of silver sulphide. A 
solution in sodium carbonate, on boiling and then acidifying, 
evolved hydrogen sulphide (Found: S=21'48; N=1927. 
C,H,O,N,S requires S=21°62; N=18°92 per cent.). 


N-Sulphidobisbenzamide, (C,H,*CO-NH),S. 


This substance was prepared from benzamide (10 grams) and 
sulphur monochloride (11 grams) in the same way as the preceding 
sulphide. The white, amorphous solid was sparingly soluble in 
benzene, from which it crystallised in fibrous needles melting at 
188°. The product was insoluble in water and reacted neither with 
sodium carbonate solution nor with silver nitrate (Found : S=11°90; 
N=10714. C,,H,,0,N,S requires S=11°76; N=10°29 per cent.). 


N-Sulphidobisbutyramide, (C,H,*CO-NH),S. 


This substance, prepared from butyramide (5 grams) and sulphur 
monochloride (5 grams), in presence of dry benzene (50 c.c.) in the 
same way as the sulphidobisacetamide, was deposited as a solid 
very sparingly soluble in benzene, from which it separated in minute 
white crystals melting sharply at 175° (Found : N=13°41; S=16°05. 
C,H,,0,N,8 requires N=13°72; S=15°68 per cent.). 


Sulphidodithiocarbamide Dihydrochloride (III). 


Sulphur monochloride (7 grams) was slowly run into a boiling 
solution of thiocarbamide (9 grams) in absolute alcohol (100 grams) 
previously saturated with sulphur monochloride. When the 
vigorous reaction had abated, the mixture was boiled for three 
hours and the hard yellow mass collected and extracted with a 
large quantity of alcohol and carbon disulphide until no more 
sulphur was removed. The resulting, pale yellow substance was 
insoluble in chloroform, ethylene dichloride, benzene, light petrol- 
eum, acetic acid, carbon tetrachloride, or nitrobenzene, and 
melted with decomposition at 176—177°. On keeping under water 
it slowly deposited sulphur, hydrochloric acid being simultaneously 
formed. On treatment with sodium carbonate carbon dioxide was 
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evolved. Sodium hydroxide first precipitated sulphur, which then 
dissolved in excess of the boiling alkali, from which, on acidification, 
hydrogen sulphide was evolved. On treating the aqueous solution 
with silver nitrate, silver chloride was at once precipitated, but it 
immediately darkened on the addition of concentrated ammonia 
owing to the formation of silver sulphide (Found: S=37'12; 
(1=28'30; N=22-00. C,H,N,S,,2HCl requires S=37°63; Cl= 
2862; N=21°96 per cent.). 


3 : 6-Dithio-1 : 2: 4 : 5-tetraphenylhexahydro-1 : 2: 4: 5- 
tetrazine (II). 


A mixture of thiocarbanilide (8 grams), sulphur monochloride 
(5 grams), and dry benzene (200 c.c.) was boiled for three hours, 
when the solid was collected and washed repeatedly with dry 
benzene to remove any excess of sulphur monochloride. The 
substance was then dissolved in benzene, the solution treated with 
reduced copper until the free sulphur had been eliminated, and 
evaporated until prismatic crystals, melting sharply at 160°, were 
deposited. The mixture with thiocarbanilide melted at 138°. 

The tetrazine is stable and is not affected by water, in which it is 
insoluble (Found: C=68°39; H=4:50; N=12'90; S=14°67. 
CygHooN,S, requires C=69°02; H=442; N=12°39; S=14'15 
per cent.). 


Trisulphidobisbenzanilide, S(S*C,H,NH-COPh).. 


Reaction quickly set in when benzanilide (14 grams) was heated 
with sulphur monochloride (10 grams). The dark brown solid 
formed was washed with dry petroleum and then precipitated from 
an alcoholic solution by means of water. The yellowish-white 
precipitate was purified in benzene solution by reduced copper as 
inthe last experiment, and was obtained as a flocculent precipitate, 
m. p. 244° (Found: N=5-98; S=20°17. C,gH 9 0,N,S, requires 
N=5-74; S=19°67 per cent.). 


Disulphidobis-salicylamide, So[C,Hs(OH)*CO-NH,}. 


A mixture of 5 grams of salicylamide, 50 c.c. of dry benzene, and 
) grams of sulphur monochloride was heated under reflux for 
three hours. The product was washed with dry benzene and caused 
'o separate several times from methyl alcohol by spontaneous 
‘vaporation. It was thus obtained as a yellow, amorphous solid 
Which melted and decomposed at 226° (Found: S=18°5l. 
(4H,,0,N,S, requires S=19-04 per cent.). 
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N-Sulphidodiphthalimide, [ CoHA<EO  |,s. 


The dried potassium salt (compare Landsberg, Annalen, 188), 
215, 181) of phthalimide (two mols.) and sulphur monochloride 
(one mol.) were heated with dry light petroleum under reflux for 
one hour. The residue was repeatedly extracted with dry light 
petroleum and finally purified by treatment with reduced copper 
in benzene as in the previous cases. The compound was this 
obtained as white crystals which melted at 190°, and decomposed 
on keeping (Found: N=8-41; S964. C,,H,O,N.S requires 
N=8°64; S=-9°87 per cent.). 


In conclusion, I have very great pleasure in recording my thanks 
to Prof. J. F. Thorpe and Dr. M. A. Whiteley for their keen interest 
and kind encouragement throughout the progress of this work, and 
to the Chemical Society for a grant from their Research Fund which 
has partly defrayed the expenses incurred in this investigation. 


THe ImpeRIAL COLLEGE OF SCIENCE AND TECHNOLOGY, 
SoutH KENSINGTON. [Received, June 1st, 1921.] 


CXXX.—Some New Tricyclic Bases, 
By Tom Smpnry Moore and Ipa DovusieEpay. 


In a preliminary note on asymmetric tervalent nitrogen (Moore, 
P., 1914, 30, 182) attention was directed to the importance of 


a 
examining substances of the type NCHIN , where a, b, and ¢ are 
c 


three different groups or chains, of which at least one is unsyn!- 
metrical with regard to the two nitrogen atoms. Three compounds, 
II, IIT, and IV, of this type have been prepared and are here shortly 
described. 
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|: 4-endoMethylene-6-methyltetrahydroquinoxaline (II) is pre- 
pared from 6-methyltetrahydroquinoxaline (I) by treatment with 
formaldehyde or, better, by treatment with methylene iodide 
(94 per cent. yield). The 1:4-endoethylene- and 1 : 4-endotri- 
methylene-compounds (IIIT) and (IV) are prepared by similar 
treatment of I, with ethylene dibromide and trimethylene dibromide: 
but under similar conditions smaller yields of the new bases are 
obtained as the carbon chain introduced lengthens. 

These compounds are white, microcrystalline solids, melting with 
decomposition. They dissolve in glacial acetic acid to give red 
solutions, in which they have molecular weights corresponding with 
the formule given, but in benzene and nitrobenzene they dissolve 
without changing the colour of the solvent, and in these solutions 
are bimolecular. They are insoluble in aqueous alkalis and dissolve 
in dilute mineral acids to give red solutions. 

Derivatives containing one and two molecules of hydrochloric 
acid, oxalic acid, and of methyl iodide to one molecule of base 
have been prepared from compound II, and similar hydrochloric 
and oxalic acid derivatives from compounds III and IV. The 
colours of the derivatives of compound II—(III and IV give 
exactly similar results)—are shown in the following table : 


Colour of Colour of the Mol. wt. 
Compound. the solid. solution. Found. Calc’, 
CyypHy.N, (IT) White Colourless in benzene 312 160 
re “ in nitrobenzene 316 
Red in acetic acid 163 


(,,H,N,,HCl White Colourless in water 
CipH,.N,,2HCl Reddish-brown  Reddish-brown in water 
CoH 2N2,H,C,0, ” ” 


Red in acetic acid 
»» »» Phenol 
CipH,,N,,2H,C,0, Yellowish-brown Purplish-red in water 
” 2 «(99 alcohol 
Reddish-brown in acetic 
acid 
Red in phenol 
CyyH,.N,,CH,I Reddish-brown  Reddish-brown in water 
Red in phenol 
CyH,,N,,2CH,1 Yellowish-brown Reddish-brown in water 
Greenish-brown in alco- 
hol 
Red in phenol 444 


These results are unexpected if the substances are taken to have 
the formule given and if no structural change other than the forma- 
tion of quinquevalent nitrogen takes place on salt-formation. On the 
other hand, it is not easy to conceive any probable constitutional 
change that would lead to formule for the saturated compounds 
fom which colour could be predicted. No proof of structure is put 
frward in this paper, but as regards the bases themselves the 
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method of formation leads directly to the formule given, and they 
give derivatives having the expected empirical formule and mok. 
cular weights. Before the colour observations and the constitution 
of the derivatives can be discussed with advantage it is necessary 
to examine other compounds of the same type—some purely 
aliphatic—and no discussion is here attempted. The purpose of 
this paper is to record the results so far obtained, and to establish a 
claim to this field of work. 


EXPERIMENTAL. 


1 : 4-endoMethylene-6-methyltetrahydroquinoxaline (II) and its 
Derivatives. 

The base was prepared by heating 6-methyltetrahydroquinoxaline 
with a little water and the equivalent quantity of paraformaldehyde 
at 120° for two hours. The product was boiled with water to 
extract any unchanged parent-substance, and the residue, after 
drying, extracted with cold benzene. By addition of light petroleum 
to the benzene solution, filtration of the white, flocculent precipitate 
which was formed, and slow evaporation of the solution, a faintly 
brown, apparently amorphous, substance was obtained. A second 
similar treatment both of the original residue and of the substance 
first precipitated by light petroleum yielded further quantities of 
this substance, which was best purified by repetition of the whole 
process, until a product easily and completely soluble in cold 
benzene was obtained (Found: C=75-20; H=7:35; N=17:39. 
M=163, 158 [in glacial acetic acid], 357, 355 [in benzene], 296, 310 
[in nitrobenzene]. C, >H,,N, requires C=75-00; H=7-50; N= 
17-50 per cent. M=160). 

The compound is white with a faint brown tinge, and melts with 
decomposition at 150°. It dissolves readily in benzene and nitro- 
benzene (colourless solutions) and in glacial acetic acid and dilute 
mineral acids (red colour). It is insoluble in aqueous alkalis and in 
the majority of organic solvents. 

The same compound was also prepared by heating 6-methy!- 
tetrahydroquinoxaline with the equivalent quantity of methylene 
iodide at 100° for four hours. The dark red, crystalline solid formed 
was dissolved in water, the solution treated with animal charcoal, 
and the base precipitated by the addition of sodium hydroxide. 
Purification was effected by precipitation from benzene solution 
with light petroleum, but much less matter insoluble in benzene 
was present than in the first method of preparation, and the final 
yield was 84 per cent. of the theoretical (Found : C=74-80 ; H=7-43; 
N=17-42 per cent. M=165 [in acetic acid], 312, 316 [in benzene). 
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The monohydrochloride was prepared by passing dry hydrogen 
thloride into the benzene solution of the base, and allowing the 
white precipitate which separated to remain in a vacuum in presence 
of solid sodium hydroxide for several weeks (Found: Cl=17-84. 
(pH 2No,HCl requires Cl=18-06 per cent.). 

The dihydrochloride was prepared by continuing the passage of 
hydrogen chloride until the white monohydrochloride, formed as 
described above, was completely changed to a reddish-brown, viscous, 
partly crystalline mass. This was filtered off, washed with dry 
benzene, and transferred to a vacuum desiccator as quickly as 
possible, on account of its extremely hygroscopic character (Found : 
(l=30-16. C, 9H,.N,,2HCl requires Cl=30-47 per cent.). 

Both hydrochlorides are readily soluble in water, the mono- 
hydrochloride giving a colourless solution and the dihydrochloride 
dissolving to give a reddish-brown solution. The base is recovered 
unchanged on addition of sodium hydroxide. 

The normal oxalate was obtained by adding the calculated quantity 
of oxalic acid dissolved in alcohol to the base dissolved in benzene, 
ad warming. A reddish-brown, viscous substance separated, 
which hardened on cooling. After extraction with warm alcohol 
and warm benzene, it was analysed (Found: C=57'35; H=5-5l. 
M=238 [in phenol]. C,9H,.N,,H,C,O, requires C=57-60; H=5-60 
percent. M=250). 

This compound is a reddish-brown, hygroscopic solid, which 
dissolves in water, glacial acetic acid, and phenol to give red solutions. 
tis slightly soluble in alcohol and almost insoluble in other organic 
solvents. 

The acid oxalate proved difficult to prepare, but was finally 
obtained by the slow addition of the finely powdered base to the 
ulculated quantity of oxalic acid dissolved in hot alcohol. The 
base dissolved, giving a purplish-red solution, which on evaporation 
ina vacuum gave the acid oxalate as a yellowish-brown, extremely 
hygroscopic solid, which dissolved in water and alcohol to give 
purplish-red solutions, in glacial acetic acid to a reddish-brown 
‘lution, and was slightly soluble in benzene and chloroform to give 
reddish-brown solutions (Found : C=49-32; H=4-79. M=365] [in 
ape CoH 2No,2H,C,0, requires C=49-41; H=4-70 per cent. 

i= ). 

The monomethiodide was prepared by boiling the base with 
excess of methyl iodide for three hours. On cooling, the methiodide 
aystallised out and was purified by recrystallisation from moist 
wetone (Found : I=42-12. M=297 [in phenol]. C,)H,,.N,,Mel 
requires I=42-05 per cent. M=302). 

The compound is a reddish-brown, crystalline powder easily soluble 
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in phenol (red solution), moderately soluble in water (reddish-brow 
solution), sparingly soluble in dry acetone or alcohol, and insoluble 
in benzene, light petroleum, or chloroform. It melts with decom. 
position at 118—120°. 

The same compound may be prepared in the cold by slow addition 
of the base to excess of methyl iodide dissolved in alcohol. (n 
keeping, the methiodide crystallises out (Found : I[=41-93 per cent, 

The dimethiodide was prepared by heating the base with excess of 
methyl iodide for six hours at 130°. A viscous solid was produced, 
which was analysed after recrystallisation from moist acetone 
(Found: I=57-41. M=4165 [in phenol]. C, 9H,.N,,2MelI requires 
I=57-20 per cent. M=444). 

This compound is a yellowish-brown, extremely hygroscopic, 
crystalline solid, melting with decomposition at 101°. It is easily 
soluble in water (reddish-brown solution), ethyl alcohol (greenish- 
brown solution) and in phenol (red solution), less soluble in dry 
acetone, and insoluble in benzene or chloroform. 


1 : 4-endoLthylene-6-methylietrahydroquinoxaline (III), 1: 4- 
endoT rimethylene-6-methylietrahydroquinoxaline (IV), and 
their Derivatives. 


These compounds were prepared by exactly similar methods and 
showed similar properties to the compounds above described. The 
analyses and molecular-weight determinations gave the following 
results : 

1 : 4-endoEthylene-6-methyltetrahydroquinoxaline melts at 175 
with decomposition (Found: C=75-78; H=8-01; N=1602 
M=168, 177 [in acetic acid]. C,,H,,N, requires C=75-86; H= 
8-04; N=16-09 per cent. M=174). 

Monohydrochloride (Found: Cl=16-12. C,,H,,N,,HCI requires 
Cl=16-38 per cent.). 

Dihydrochloride (Found: Cl=28-58. C,,H,,N,,2HCI requires 
Cl=28-73 per cent.). 

Normal oxalate (Found: C=59-21; H=6-13. C,,H,,N.,H,0,% 
requires C=59-09; H=6-06 per cent.). 

Acid oxalate (Found: C=50-95; H=5-05. C©,,H,,N.,2H,C.% 
requires C=50-86; H=5-09 per cent.). 

1 : 4-endo'rimethylene-6-methyltetrahydroquinoxaline melts a 
192° with decomposition (Found : C=76-60; H=8-49; N=14$%. 
M=181 [in acetic acid]. C,,H,,N, requires C=76-58 ; H=$8°51; 
N=14-90 per cent. M=188). ' 

Monohydrochloride (Found: Cl=15-68. C,,H,gN.,HCl requires 
Cl=15-81 per cent.). 
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Dihydrochloride (Found: Cl=27-43.° C,,H,,N,,2HCI requires 
(]=27-20 per cent.). 

Normal oxalate (Found : C=60-38; H=6-52. C,.H,,N2,H,C,0, 
requires C=60-43; H—6-48 per cent.). 

Acid oxalate (Found: C=52:27; H=5-45. C,.H,,N,,2H,C,0, 
requires C=52-18 ; H=-5-44 per cent.). 


The authors desire to express their thanks to the Department of 
Scientific and Industrial Research for a grant given to one of them 
(. D.) in connexion with this work. 


Roya Hottoway COLLEGE. [Received, May 25th, 1921.] 


(XXXI.—The Structural Isomerism of the Oximes. Part 
I. Criticism of the Hantzsch-Werner Hypothesis 
and a New Theory of the Constitution of Isomeric 
Oximes. 


By Freprerick WILLIAM ATACK. 


FUNDAMENTAL differences have been shown to exist in the salt- 
forming properties of the oxime groups present in the three benzil- 
dioximes (Atack, T., 1913, 103, 1317), and it has since been noted 
that of the two benzilmonoximes, only the «-isomeride forms a 
tickel salt. Similar differences have been noted by Whiteley (T., 
1903, 83, 24) in the reaction of the benzildioximes with ferrous salts. 
Beck and Hase (Annalen, 1907, 355, 29) found that an alcoholic 
wlution of 8-benzaldoxime (‘‘ syn ’’), but not that of «-benzaldoxime 
(“anti”), gives a blood-red coloration with ferric chloride and an 
dlive-green coloration with copper acetate. No explanation of these 
differences is possible if the Hantzsch-Werner hypothesis of the 
stereochemical isomerism of the oximes is adopted. 

In an attempt to estimate «-benzildioxime volumetrically by the 
method used for the B-isomeride (Atack, Joc. cit., p. 1319), irregular 
rsults were obtained unless the «-dioxime had first been converted 
into the B-isomeride, as the «-dioxime required a larger amount of 
the reducing agent. The reduction products are being further 
investigated, but the difference in behaviour is considered to prove 
that the two isomerides are not structurally identical, as has been 
“stmed in the Hantzsch-Werner hypothesis. Brady and Dunn 
'T, 1916, 109, 655) satisfactorily disposed of Goldschmidt’s supposed 
ttoof (Ber., 1889, 22, 3113) of the structural identity of isomeric 
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oximes by showing that phenylcarbimide gives identical compounds 
from both the syn- and anti-benzaldoximes. 

The Beckmann reaction has been used for determining the con. 
figuration of the ketoximes according to the Hantzsch-Weme 
hypothesis. The present author directed attention (Proc. Man. 
Lit. and Phil. Soc., Nov. 17th, 1914) to the fact that a discrepancy 
which has never been explained exists between the formule first 
adopted by Hantzsch and Werner based on the properties of the 
isomeric benzildioximes and the formulz they later accepted based 
on the Beckmann reaction. 

As will be shown in the subsequent communication, a fourth 
benzildioxime may readily be obtained, whereas the Hantzsch. 
Werner hypothesis only admits the possible existence of three 
isomerides. 

The evidence in favour of the Hantzsch-Werner hypothesis for 
explaining the isomerism of oximes appears overwhelming as 
outlined in their two publications (Hantzsch, “ Grundriss der 
Stereochemie,”’ 1904, 2nd _ edition; Werner, “ Lehrbuch der 
Stereochemie,”’ 1904), but in view of the above facts, the question 
arises whether this hypothesis is really necessary to explain the 
existence of isomeric oximes, or whether this could not be explained 
satisfactorily by the presence of groups of different structure. 

The Hantzsch-Werner hypothesis has not been without critics. 
The assumption on which the hypothesis is based is the distribution 
of the valency directions of tervalent nitrogen along the edges of a 
tetrahedron, at the apex of which the nitrogen atom is supposed to 
be situated. Criticism has been directed mainly towards the reason 
why such an unsymmetrical arrangement of the valency directions 
can attain the rigidity demanded by the permanent existence of 
definite compounds having characteristic properties. Pickering 
(T., 1893, 63, 1070) remarks: “As the nitrogen atom does not 
combine with as many as the four hydrogen atoms which are required 
to form the four corners of a tetrahedron, this figure can only be 
obtained by taking the nitrogen atom out of the centre of the 
tetrahedron and making it do duty for one of the corners itself. 
The atoms are thus no longer arranged about the one with which 
they are united, but are all grouped on one side of it, the other side 
being apparently paralysed and incapable of combination.” More- 
over, all attempts to prepare stereoisomeric substituted amines have 
- failed. 

The chemical properties of the oxime group have not been the 
subject of many investigations. Research has been directed more 
towards the existence or otherwise of isomerides and the relative 
stability of the syn- and anti-modifications than to the chemical 
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iehaviour of the oxime groups, and in particular the exact nature of 
the formation of salts by oximes. 

Hantzsch (“ Grundriss,”’ p. 130) has found it necessary to assume 
adifferent charge (+ or —) on the syn- and anti-groups respectively 
io account for the different stability of oximes, and states definitely 
that all oximes exist in one configuration stable to alkalis (as the 
odium compound), and in the other configuration stable to acids 
as the hydrochloride or acetyl derivative). If this statement were 
tue, it would in itself vitiate the Hantzsch-Werner stereochemical 
iypothesis, as such characteristic behaviour must be due to structural 
isomerism . 

It has been found that a complete explanation of the existence 
id behaviour of isomeric oximes may be based on structural 
fmule. ‘The new theory depends essentially on the existence of 
agenerally unstable modification (formula IT), containing quinque- 
valent nitrogen, intermediate between the two usually stable 
iomerides (formule I and III) containing tervalent nitrogen. 
(ompounds having such formulz might be expected to have different 
alt-forming properties. 


(I) >C=N—O—H “* oxime ”’ 
(IT) >o=n<ff ** nitrone ” 


(III) >C——NH ‘* ¢sooxime ” 
\o7% 


A substance containing a group of formula (II) would probably 
le difficult to isolate, although its alkyl compound would be more 
table. Such alkyl compounds are described by Staudinger and 
Miescher (Helv. Chim. Acta, 1919, 2, 554), who proved their consti- 
tution from the nature of the additive product formed with 
liphenylketen. The N-ethers of the oximes are called ‘“ nitrones ” 
ty these authors, although Pfeiffer (Annalen, 1916, 441, 72) first 
applied the term in rather a different manner, in connexion with his 
preparation of a N-oxime (that is, -N:NOH) from a “ nitrone,”’ 
fr example, from 2-phenylisatogen (in addition to the normal 
Coxime given by this substance). The name “nitrone” has 
therefore been adopted for the group of formula (II). 

There are therefore two structural formule (I) and (III) which 
would represent groups of sufficient stability to enable compounds 
‘ontaining them to be isolated in the free state. The number of 
somerides which it would generally be possible to isolate will there- 
fore be identical with the number predicted by the Hantzsch-Werner 
hypothesis. 

It would, however, be expected that in suitable circumstances 
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there would be a possibility of isolating the third isomeric oxime 
having the “ nitrone’”’ formula (ITI). It is of interest to note that 
Beckmann (Ber., 1904, 37, 3042) has prepared a third modification 
of benzaldoxime, but refers to it as a “‘ monotropic”’ modification 
of benzantialdoxime. The properties of the third modification ar 
being further investigated. 

In the case of the methylbenzhydroximic acids, two isomerides 
of m. p. 64° and 44° are described by Werner and Subak (Ber., 1896, 
29, 1153), The third isomeride of m. p. 101° had been prepared by 
Lossen (Annalen, 1894, 281, 199) by the same method previously 
used by Lossen and Zanni for the preparation of the isomeride of 
m. p. 64°, no reason being available to account for the different 
product obtained in the later experiments. Werner (Ber., 1896, 
29, 1150) obtained the isomeride of m. p. 101° by recrystallising the 
modification of m. p. 64° in the neighbourhood of a recrystallisation 
of the compound of m. p. 101°, whereas recrystallisation of the 
modification of m. p. 64° in another room gave the original substance 
of m. p. 64°. He obtained identical derivatives from the two 
modifications and remarks: ‘“‘ Mann muss somit annehmen, das 
eine Art physikalischer Isomerie vorliegt, wobei mir die Annahme 
einer auf den festen Zustand beschrinkten Polymerie die einfachste 
Erklirung fiir die Thatsachen zu bieten scheint.” It is not clear 
why Werner arrived at the conclusion that the isomerism only 
exists in the solid state, in view of the fact that both compounds 
could be recrystallised from the same solvent. 

Formula (III) was adopted by Beckmann (Ber., 1890, 23, 3335) 
for benzsynaldoxime, Supporters of the “‘ isooxime ”’ formula (III) 
still exist in spite of the Hantzsch-Werner hypothesis. Thus Beck 
and Hase (loc. cit., p. 54) adopt this formula for benzsynaldoxime in 
view of the characteristic colour reactions given only by this 
isomeride, Scheiber (Ber., 1911, 44, 761) failed to obtain optically 
active modifications of syn-aldoximes such as are called for by the 
‘‘ jsooxime ” structure, but his results may be explained by the 
fact that his researches were carried out with the stable N-alkylated 
oximes, now known to have the “ nitrone ” structure, which does 
not contain an asymmetric carbon atom. Mills and Bain (T., 1910, 
97, 1870) consider that the evanescent character of the activity of 
the d- and l- modifications of the oxime of cyclohexanone-4-carboxyli¢ 
acid is determined in some manner by the presence of the >C:NOH 
group, and later (p. 1882) suggest that the conversion may take 
place through an “ isooximino-form ” : 
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The results of Mills and Bain have generally been interpreted as 
fnal evidence in favour of the Hantzsch-Werner hypothesis, but 
they only appear to prove that the nitrogen valencies are not 
planar. It is quite conceivable that the active oxime was the 
“nitrone ’’ form, containing quinquevalent nitrogen, in which the 
valencies would certainly not be coplanar, and this would lead to 
a “centroasymmetric * molecule (Perkin and Pope, T., 1911, 99, 
|512). The formation of a “ nitrone ’’ would be essential as an 
intermediate stage between the “‘ isooxime ”’ and “ oxime ”’ formulz 
represented above. It is to be noted that these authors found (loc. 
cit, p. 1869) that, contrary to the general rule, alkali retarded 
rcemisation, whereas the activity disappeared on acidifying, which 
yould convert the active “nitrone”’ oxime into the inactive 
“oxime ’’ isomeride. 

Symmetrical ketoximes are only known to exist in one modifica- 
in. The stable character of symmetrical compounds is well 
recognised, and the most symmetrical compound would contain the 

(=N-OH group. Derivatives of the symmetrical ketoximes are 
known which have isomeric formule. Thus Staudinger and 
liescher (Helv. Chim. Acta, 1919, 2, 562) assign to diphenyl-N- 
phenyl nitrone (V’-phenyl ether of benzophenoneoxime) the formula : 


— 
PhoC—NXo - 


emper and Lichtenstadt (Ber., 1918, 51, 933) have prepared both 
the V-methyl and O-methyl ether of benzophenoneoxime by direct 
methylation. 


Interconversion of the Isomeric Oximes. 


The facility of interconversion of the isomeric oximes has been 
onsidered to support the Hantzsch-Werner hypothesis, but it must 
e remarked that neither Hantzsch nor Werner has offered any 
‘planation whatever of the fact that only the anti-oxime is stable 
0dilute acids, or why this oxime is, on the other hand, converted 
ito the isomeric syn-oxime (unstable to dilute acids) by dry hydro- 
yn chloride. Brady and Dunn (T., 1916, 109, 663) advance the 
tplanation that the latter occurs by the addition of the hydrogen 
iloride taking place at both double bonds, with subsequent 
limination, by means of sodium carbonate, of a different hydrogen 
‘om from that originally combined with chlorine, “and con- 
‘quently the relative positions of the groups are altered with the 
mation of the syn-oxime,” to the three hydrochlorides being 
signed (loc. cit., pp. 658, 663) the formule : 
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Ph:CH Ph-C HCl Ph-CH 
HO-NH ——> HO-NH HN ‘OH 
Cl Cl 


anti. intermediate syn. 
m. p. 105° m. p. 63° m. p. 103°. 


These authors found, however, that the “ intermediate ’’ hydro. 
chloride is formed by recrystallising the so-called anti-oxime hydro. 
chloride from chloroform; it follows that recrystallisation canses 
the migration of a chlorine atom to give a more stable hydrochloride. 
In this compound, tervalent nitrogen is attached to carbon, hydrogen, 
and hydroxyl, giving a @-«-chlorobenzylhydroxylamine ; this would 
be a stable compound which does not appear to have been described 
in the literature, but it is difficult to consider that it would lose 
hydrogen chloride so readily. In addition, it may be mentioned 
that Luxmoore (loc. cit., p. 182), basing his argument on the relative 
stabilities of the hydrochloride, hydrobromide, and hydriodide of 
benzantialdoxime, rejects the possibility of the halogen occupying 
the median position as represented by Brady and Dunn. 

Hantzsch (‘‘ Grundriss ’’) invariably represents hydrochlorides as 
>NOH,HCI1; Werner (‘‘ Lehrbuch ”’) does not give a single formula 
for an oxime hydrochloride, and his views are therefore equally 
difficult to gauge. 

The relatively unstable character of the hydrochlorides formed 
by oximes has led to the conclusion that they are “ oxonium ”’ con- 
pounds, and not due to conversion of tervalent into quinquevalent 
nitrogen. This suggestion does not appear to have been previously 
considered ; for example, Knox and Richards (T., 1919, 115, 508) 
give a summary of “ oxonium ” compounds which have been pre. 
pared, but do not mention oxime hydrochlorides, and Brady and 
Dunn omit the possibility of “‘ oxonium ”’ hydrochlorides being 
formed, although they suggest quadrivalent oxygen to explain the 
action of Grignard’s reagent on the O-methyl ethers of oximes 
(loc. cit., p. 664). Knox and Richards (loc. cit., p. 510) fail to see any 
reason for assigning special kinds of valency to oxygen in “ oxonium” 
compounds any more than to other members of the same group, 
moreover, they mention that there is considerable evidence of the 
existence of ‘‘ oxonium ” compounds in solution (see also Rérdam, 
J. Amer. Chem. Soc., 1915, 37, 557). 

The properties of the hydrochlorides are being further invest 
gated, and an explanation of the interconversion of oximes based 
on the “oxonium” character of their hydrochlorides appeasy> 
possible. 
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Formation of Ethers by Oximes. 


The main criticism of the Hantzsch-Werner hypothesis has been 
he undoubted existence of N-ethers of oximes, for which Hantzsch 
“@rundriss,”” p. 120) found it necessary to assume the isooxime 
mula of Beckmann, assigning to the two N-ethers of benzaldoxime 
wepared by Luxmoore (T., 1897, 69, 177) the position formule 


Ph-CH Ph:-CH 


‘Oo and |, 


N-Me MeN 


though he is obviously not clear (by his reference to p. 61) how 
his is feasible on the basis of the Hantzsch-Werner hypothesis. 
ener (“‘ Lehrbuch,” p. 235) gives the same formule, and states 
». 277) that the N-ether is the main product from syn-aldoximes, 
hereas the anti-aldoximes give mainly the O-ether, but he does 
bt advance any explanation. Although such. formulation may 
ppear practical on paper, it could only be produced through an 
termediate compound containing quinquevalent nitrogen as 
llows : 
Ph-CH Ph-CH Ph:-CH 
| a | et |>O, 
N-OH 


| 
HN:O 


at is, unless we assume the breaking of the rigid valency between 
le nitrogen and oxygen which has so far maintained the separate 
tity of the isomerides, the so-called anti-oxime might conceivably 
ive a syn-N-ether, and vice versa (compare Luxmoore, loc. cit., 
188). 

An alternative explanation of the existence of N-ethers is sug- 
sted by Brady and Dunn (T., 1916, 109, 659), who assume that 
he oximes and their sodium salts are tautomeric substances capable 
reacting in the forms : 


Ph-CH Ph-CH Ph-CH PhCH 
HO-N O:NH N-OH HN:O 


Benzantialdoxime. Benzsynaldoxime. 


It will be noted that the tautomeric forms of the stereoisomerides 
‘pend for their separate identity on the definite position of a labile 


spytrogen atom. Moreover, in attempting an explanation of their 


hnfirmation of the observation of Beckmann (Ber., 1890, 23, 1683) 
hat phenylearbimide gives with benzantialdoxime the carbanilino- 
‘ivative of benzsynaldoxime, which was later converted into the 
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normal derivative, these authors represent the condensation , 
follows : 
(A Ph:CH Pe lkiy — Ph-C H—N:Ph 
HN:0 + C:0 HN-O—CO ° 
whereas the condensation with benzantialdoxime is representa 
thus : 


Ph-CH-___, 
-O-NH free rotation 


(B) Ph-CH- Ph-C H—N-Ph 
HN-O- HN-O-CO 

This is scarcely an explanation, as formula (B) is identical wit 
formula (A) already assigned by these authors to benzsynaldoximg p. 23 
and merely assumes that phenylcarbimide first converts the sfliy 
called anti- into the syn-isomeride. 

The structural theory of oxime isomerism would appear to ini 
cate the possible existence of two N-ethers, thus : 


RO>C=N<G (1) and f>c—NR (IID). 
2 \O 


(C 


Scheiber (Annalen, 1909, 356, 215) states the two N-ethers of ber 
aldoxime prepared by Luxmoore (loc. cit., p. 183) are identic 
one N-ether being the hydrated form, although it is to be noted th 
Luxmoore (loc. 
that his N-ethers may contain water of crystallisation by his referengy 
to Goldschmidt (Ber., 1892, 25, 2573). 

Staudinger and Miescher (loc. cit.) have definitely proved that 
stable N-ethers of ketoximes have the “ nitrone ” formula. 

These N-ethers form hydrochlorides which cannot be of i 
‘ammonium ” type, and they must therefore be of the “ oxonium 


R HH 
type: >C:N=O<,y_ (II). 


The structural theory of the isomerism of oximes admits (if 
possible existence of only one O-ether derived from the so-ca 


anti-oxime and having the “‘ oxime ” formula : Ri>cN OR (I). 
2 
>C—N 
A formulation of a second O-ether as ‘O07 seems improbal 
R 


although similar “‘ oxonium ’’ compounds have been described 
Kehrmann and Bohn (Ber., 1914, 47, 3052). If this formula’ 
admitted, it would be readily converted into the more sta 


>CN-O-R. 


ical wit 


Idoxime 
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Forster and Dunn (T., 1909, 95, 426) state that a ‘‘ more convinc- 
ing argument for the stereochemical hypothesis depends on the fact 
hat many pairs of O-ethers exist, of which the syn-forms are 
readily convertible into the isomerides ’’; these authors do not give 
he references. The current view is probably based on the lists of 
wo (supposed oxygen) ethers given, for example, in Werner's 
‘Lehrbuch.” The numerous references given by Werner 
“Lehrbuch,” pp. 244, 253) have been investigated, and, contrary 
othe assumption of Werner, give no proof whatever that the two 
thers known to exist are O-ethers. The melting points of only two 
meric ethers of the aldoximes and of the ketoximes are tabulated, 
though a specific case, without the original reference, is mentioned 
p. 234), namely, m-nitrobenzaldoxime, which is stated to give one 
‘ether and two O-ethers. 

Semper and Lichtenstadt (Ber., 1918, 54, 928) appear to have 
slated O-ethers of both the anli- and syn-isomerides of phenyl 
-tolyl ketoxime, but whereas the anti-O-ether is described as of 
lefinite melting point, these authors have been unable to crystallise 
he syn-O-ether, of which the only identification given is its boiling 
pint in high vacuum. This is the only case published in which 
our supposed stereoisomeric ethers are described. 

A search through the literature has therefore failed to reveal 
iy satisfactory proof of the existence of two definite crystalline 


i@-ethers and two N-ethers prepared from two isomeric oximes of 


doubted purity. On the contrary, Forster and Dunn (T., 1909, 
), 425) state that diazomethane gives an O-methyl ether only with 
e so-called anti-aldoximes, and further remark that there is some 
videnee that syn-oximes, for example, a-benzilmonoxime, give 
}-ethers. 

Although the N-ethers and the free oximes give hydrochlorides, 
is to be noted that the O-ethers fail to give hydrochlorides; this 
wld be anticipated if the oxime hydrochlorides are of the 
xxonium ’’ type. Brady and Dunn (T., 1916, 109, 665) find 
ificulty in attempting an explanation of this fact on the basis that 
hydrochloride of the “ammonium ” type is formed. 


Summary. 


(!) The Hantzsch-Werner hypothesis of the stereoisomerism of 
himes is criticised in view of the fact that it fails to explain charac- 
istic reactions of the so-called syn- and anti-oximes, their mode 
interconversion, etc., and further fails to interpret the Beckmann 
tion as applied to the benzildioximes. 

*) A new structural theory of the isomerism of the oximes is 
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advanced which explains satisfactorily the number of isomeric 
known to exist, the differences in the salt-forming properties ; 
the oxime groups present in isomeric oximes, and the formation; 
O- and N-ethers respectively from isomeric oximes. 

CoLLEGE or TECHNOLOGY, British ALIZARINE Co., L1p., 


UNIVERSITY OF MANCHESTER. TRAFFORD ParK, MANcuesty 
[Received, February 26th, 1921,] 


CXXXII.—The Structural Isomerism of the Oxime 
Part II. A Fourth Benzildioxime. 


By Freperick WILLIAM AtTack and LEONARD WHINYATES. 


THE Hantzsch-Werner hypothesis has received very materi 
support from the isolation of the actual number of isomeric oxim 
which should exist if the hypothesis were correct. The existen 
of three isomeric methylbenzhydroximic acids, acknowledged }) 
Werner, and of three modifications of benzaldoxime, anisaldoxint 
and cuminaldoxime, whereas only two isomerides should exist i 
each case, has already been mentioned in the preceding commu 
cation. 

It has now been found that a fourth benzildioxime (8) may 
obtained readily from «-benzildioxime or direct from «-benzilmon 
oxime, whereas the Hantzsch-Werner hypothesis only allows of t 
existence of three isomerides. According to the theory advance 
by one of the present authors in the preceding communication, 
might be possible to prepare six isomerides. 

On dissolving «-benzildioxime (m. p. 237°) in dilute sodiw 
hydroxide solution, and allowing to stand for the necessary tim 
addition of ammonium chloride precipitates the new 6-isomerid 
(m. p. 217°). The action of alkaline hydroxylamine solution ¢ 
x-benzilmonoxime has generally been assumed to give «-benzil 
oxime, as this product is obtained on acidifying the solution; if th 
oxime is separated by addition of ammonium chloride, th 
5-isomeride is precipitated. 

The 3-isomeride is characterised by the formation of a bul 
coloured nickel compound on addition of a slightly ammoniact 
solution of a nickel salt to the sodium hydroxide solution of th 
dioxime; the compound is similar in colour to those given b 
y-benzildioxime (Atack, T., 1913, 103, 1317) and «-benzilmonoxim 
but differs from these compounds, produced in a similar manne 
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ty the facility with which it passes into the red nickel compound 
if «-benzildioxime. This conversion takes place very slowly on 
lowing to stand in absence of light, slowly in presence of light, 
and almost immediately on addition of an excess of ammonium 
tiloride to the sodium hydroxide solution, or on heating. The 
wnversion may be followed readily by taking advantage of the 
nuch more rapid solution in potassium cyanide solution of the buff 
tickel compound of the 8-dioxime as compared with the red nickel 
compound of the «-dioxime. On filtering off the nickel compound 
of the 5-dioxime and washing with cold water, it was found to be 
enverted into the red «-dioxime compound on boiling with water. 

The new isomeride is very unstable in presence of solvents, passing 
rapidly in alcohol solution in presence of acids or ammonia into the 
risomeride. It has not so far proved possible to recrystallise the 
jisomeride. There is no doubt, however, of its definite existence 
inthe solid state and in solution. Thus, addition of an ammoniacal 
lution of a nickel salt to a freshly-prepared solution of «-benzildi- 
oxime in dilute sodium hydroxide solution gives an immediate 
precipitate of the characteristic red nickel compound, whereas the 
buft-coloured nickel compound of the 8-isomeride is produced if the 
lution has been allowed to stand for the necessary time before 
addition of the nickel solution. Moreover, a freshly prepared 
lution of 6-benzildioxime in neutral alcohol gives with a slightly 
ammoniacal nickel solution the buff nickel compound, whereas an 
alcoholic solution of the «-isomeride invariably gives the characteristic 
red nickel compound. 

That the change is not simply from an unstable to a stable nickel 
compound of the «-benzildioxime is shown by the immediate 
formation of the stable red nickel compound by the freshly-prepared 
sodium hydroxide solution, especially if alcohol is added to retard 
the conversion. In addition, although the sodium hydroxide 
stabilises the nickel compound of 6-benzildioxime to some extent, 
the compound gradually passes into the red isomeride on allowing to 
stand, and so far it has not proved possible to isolate sufficient for 
analysis. Moreover, the nickel compound of the 8-dioxime dissolves 
readily in chloroform to a lemon-yellow solution, whereas the 
corresponding «-compound is only sparingly soluble. 

In view of the proximity of the melting point of the 8-benzildi- 
oxime to that of the 6-isomeride, it should be pointed out that it 
has already been shown by one of us (Joc. cit.) that 8-benzildioxime 
does not form a nickel salt. The benzoyl compounds obtained under 
identical conditions by the Schotten-Baumann reaction from the 
sand §-dioximes had m. p. 144° and 182° respectively. Acetyla- 
tion of the «- and $-dioximes gave acetyl compounds of m. p. 154° 
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and 130° respectively (Auwers states 148° and 125°); under the 
same conditions the $-dioxime failed to give an acetyl compound, 
but on prolonged treatment gave the acetyl compound of the 
«-isomeride. 

The presumed conversion of $-benzildioxime into the «- and 
y-isomerides (Atack, loc. cit.) has since been found to be due to the 
presence of «-benzildioxime, which cannot be removed from 8-benzil. 
dioxime even by repeated recrystallisation. A sample of {-benzil. 
dioxime (m. p. 212°), twice recrystallised from alcohol after all the 
a-isomeride had been removed by precipitation with nickel, failed 
to show any conversion into the «-isomeride after allowing to stand 
for two days with sodium hydroxide solution. The formation of 
the nickel salt of the new isomeride described above would account 
for the presumed formation of the y-dioxime, as detected by the 
addition of an ammoniacal nickel solution. 

The formation of the buff nickel compound explains the yellow 
shade of the microcrystalline precipitate which has occasionally 
been obtained in the estimation of nickel by means of «-benzildi- 
oxime (Atack, Analyst, 1913, 38, 317). It also explains the nature 
of the precipitate obtained in detecting nickel by this reagent, using 
a solution in sodium hydroxide, which was suggested owing to its 
slight solubility in aleohol (Chemists’ Year Book, 1920 ed., p. 69): 
for this test it was already known to be essential to have ammonium 
chloride present in the solution under examination for nickel, as 
otherwise a buff precipitate is obtained instead of the characteristic 
red compound. 

The constitution of the new isomeride and of the «-, $-, and 
y-benzildioximes will be the subject of a later communication, and 
appears to be quite capable of explanation on the lines indicated by 
one of us in a previous communication, and its probable existence 
was in fact predicted by the structural theory of the isomerism of 
oximes. 


EXPERIMENTAL. 
Preparation of 5-Benzildioxime from «-Benzildioxime. 


0°5 Gram of «-benzildioxime (m. p. 237°) was dissolved in 20 c-. 
of cold sodium hydroxide solution (5 per cent.), allowed to stant 
for two hours, diluted with an equal volume of water, and ammonium 
chloride added. The precipitate was filtered off immediately, 
washed with water, and dried rapidly on a porous tile (yield 0°43 
gram). The white powder obtained melted sharply at 217° to a 
clear brown liquid. On warming with dilute sodium hydroxide 
solution, no ammonia was produced. On drying at 98°, the loss 
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in weight amounted to 1°5 per cent., which must be due to adherent 
moisture, and the melting point was raised slightly, to 220°. 

Variation of the preparation by altering the concentration and 
method of admixture, and by precipitating at 0°, failed to alter the 
sharp melting point of 217° for the air-dried product. 


Preparation of §-Benzildioxime from «-Benzilmonoxime. 


Two grams of «-benzilmonoxime (m. p. 137°) were mixed with 
§ grams of sodium hydroxide in solution and sufficient cold water 
yas added to give a clear solution. Four grams of hydroxylamine 
hydrochloride were gradually added, the solution was allowed to 
stand for twenty-four hours, diluted with an equal volume of water, 
aid ammonium chloride added. The precipitate was filtered off 
rapidly, washed with water, and dried on a porous tile, when it 
nelted at 217° (yield 2°05 grams) (Found: N in «-dioxime [m. p. 
87°|=11°34. N in 8-dioxime [m. p. 217°]=11°30 per cent.). 


Conversion of 5-Benzildioxime into «-Benzildioxime. 


Qne gram of 6-benzildioxime (m. p. 217—218°) was mixed with 
Xc.c. of aleohol and a few drops of ammonia solution were added ; 
the mixture was allowed to stand for a short time with occasional 
shaking, and then filtered. The residue (m. p. 225°) was found to 
te slightly impure «-benzildioxime. On allowing the solution to 
waporate, a minute residue was obtained, m. p. 216°. A similar 
result was obtained by the action of alcohol and a few drops of acetic 
acid, the melting point again being raised to 225° 

The method indicated above is being applied in the case of other 
«ximes. It has, for example, been found that benzaldoxime oil, 
precipitated from the usual preparation (alkaline hydroxylamine 
wethod) by means of ammonium chloride, gives the colour tests 
vith ferric chloride and copper acetate stated by Beck and Hase 
dnnalen, 1907, 355, 31) to be given only by the 8-isomeride, whereas 
the «-isomeride is the normal product isolated in this preparation. 


Summary. 


(l) A fourth isomeric benzildioxime (8), m. p. 217°, has been 
wtepared, which is sharply differentiated by the colour and behaviour 
ifits nickel compound and by other reactions from the three known 
benzildioximes. 

(2) The Hantzsch-Werner hypothesis only admits of the exist- 
‘nce of three isomeric benzildioximes, whereas the structural theory 
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admits of six possible isomerides; the preparation of the two 
remaining isomerides is under investigation. 


The authors desire to express their thanks to Professor Knecht 
for the facilities afforded for carrying out the research, the publica. 
tion of which has been delayed by the interruption of research 
activities arising out of the war. 

CoLLEGE or TECHNOLOGY, British ALIZARINE Co., Lrp., 

UNIVERSITY OF MANCHESTER. TRAFFORD Park, 


MANCHESTER. 
[Received, March 3rd, 1921.] 


CXXXITI.—The Action of the Grignard Reagent on 


certain Organo-sulphur Compounds. 


By Harry Hepwortu and Henry WILLIAM CLAPHAM. 


COMPARATIVELY few investigations have been carried out on the 
action of the Grignard reagent on sulphur compounds. Wuyts 
and Cosyns (Bull. Soc. chim., 1903, [iii], 29, 89) studied the action 
of sulphur, selenium, and tellurium on Grignard compounds, whilst 
Taboury (ibid., 1903, [iii], 29, 761; 1904, [iii], 31, 1183; 1905, [iii], 
33, 836; Compt. rend., 1904, 138, 982) obtained mercaptans and 
sulphides in a similar manner, and further, obtained certain thio- 
benzoates by heating the undecomposed reaction product with 
acid chlorides. Somewhat later, Wuyts (Bull. Soc. chim., 1909, 
[iv], 5, 405) showed that disulphides were also produced in these 
reactions. 

The action of sulphur dioxide on Grignard compounds has been 
investigated by Rosenheim and Singer (Ber., 1904, 37, 2152) and 
by Oddo (Gazzetta, 1911, 41, ii, 11), whilst Strecker (Ber., 1900, 
43, 1131) has studied the action of sulphur chloride, thionyl chloride, 
and the esters of sulphurous acid. Oddo (Atti R. Accad. Lincei, 
1905, [v], 14, i, 169) obtained phenylsulphinic acid, chlorobenzene, 
and diphenyl by the action of magnesium phenyl bromide on 
sulphuryl chloride. 

Houben and Kesselkaul (Ber., 1902, 35, 3696) studied the action 
of carbon disulphide on Grignard compounds, whilst Weigert (Ber. 
1903, 36, 1007) investigated the action of carbonyl sulphide. 

Sachs (Ber., 1903, 36, 585) studied the action of isothiocyanates, 
whilst Adams and his collaborators (J. Amer. Chem. Soc., 1920, 
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42, 2369) have studied the action of the Grignard reagents on 
thiocyanates. 

In the preliminary experiments described in this paper, the 
action of magnesium alkyl and aryl haloids on benzenesulphonyl 
chloride and ethyl chlorosulphonate was investigated. The prin- 
cipal products obtained in all these reactions were sulphoxides, 
whilst sulphides, and in some cases sulphones, were formed to a 
smaller extent. The sulphoxides were usually obtained in good 
yield and these methods of preparation of the sulphoxides may be 
recommended on account of the ease and simplicity of preparation. 
In view of the formation of sulphones observed in some experiments, 
the course of the reaction, in the case of benzenesulphony! chloride, 
may be represented as follows : 


"Ns" MgR’X a a MgR’X 
a So” 7 R7Z No 
(1.) 
Compound II may react further with MgR’X : 
“\sZpr sews “N/R wo "Ng open 
rZ So 7 wee > p/ 


(L11.) (IV.) 


or, less likely, since the formation of alcohols and phenol was not 
observed : 


“ee Ho. N\sfh —" *\g04R/0H. 
R’7 So RY NO RZ 


(V.) 


The formation of sulphides is to be explained by the further 
action of magnesium alkyl (aryl) haloid on II and III. 

In the case of ethyl chlorosulphonate, the preliminary reaction 
is probably : 


O. Cl 0 
aK 2Mgk’X —> 
o% \oEt 


VI then reacts with a further quantity of MgR’X on the lines 
already indicated in the case of benzenesulphony] chloride. 

One of us (this vol., p. 253) has already shown that a similar 
reducing action, by means of Grignard reagents, takes place when 
the latter react with nitric esters. If no reducing action took 
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place, and the formation of sulphides is explained by the loss of 
ee 
alcohols or phenol from the compound R% \OH then disulphides 
\R’ 

would be expected to be formed by the condensation of two 
molecules of this compound. This type of reaction has already 
been suggested by one of us to account for the formation of azo- 
compounds by the action of Grignard reagents on aromatic nitro. 
compounds (T., 1920, 117, 1008). 

In the course of his investigation on the estimation of hydroxylic 
hydrogen in organic compounds, Zerewitinoff (Ber., 1908, 41, 2233) 
observed the formation of paraffin hydrocarbons on treating the 
mercaptans with Grignard reagents, and postulated the reaction as: 


R-SH +MgR’X=R’H-+MgSRX. 


Zerewitinoff observed the formation of methane from propyl, 
isobutyl, isoamyl, phenyl, and benzyl mercaptans, whilst the authors 
have observed a similar reaction with ethyl and butyl mercaptans. 
If in these reactions addition precedes substitution, then a com- 
pound, R-SH,MgR’X, in which sulphur is quadrivalent, must be 
~ MgX 


R~ 


formed. If this is written H7 5SMe (where R’ is methyl), in 


which all the valencies are similar, there is no a priori reason to 
expect methane to be invariably evolved, independent of the nature 
of the radicle R. Since methane is always formed, it is reasonable 
to suppose that the methyl group is more feebly attached to the 
sulphur atom than is the radicle R. Now Abegg (Ber., 1905, 38, 
4112) has suggested that the alkyl groups in magnesium alkyl 
haloids are negative, since these, on decomposition with water, 
form hydrocarbons. If this view is accepted, the negative methyl 
group in the above compound will be more loosely attached to the 
sulphur atom than the positive radicle R; this difference may be 
Jk “| i 
shown by the formula | SCH . . . Me, derived in accordance 
\MgX J 
with Werner’s views of valency. This view may be extended to 
explain the action of water and alcohols on magnesium alkyl and 
aryl haloids. The view that in oxonium “ Grignard ” compounds 
the four valencies of the oxygen atom are not all equal is by no 
means new. Grignard considers (Bull. Soc. chim., 1907, [iv], 4, 
256) that the two additional valencies in these compounds have 
not the same value as the original two, whilst the abnormal reaction 
between magnesium $-methylanilinoethyl bromide and ketones has 
been explained by Braun (Ber., 1919, 52, [B], 1725) on similar lines. 


ON CERTAIN ORGANO-SULPHUR COMPOUNDS. 1191 


In the experiments described in this paper, it is confirmed that 
the compound Mg(SEt)X is formed by the action of magnesium 
alkyl haloids on ethyl mercaptan, and if the product is treated 
with ethyl chloroformate, benzoyl chloride, or acetyl chloride, ethyl 
thiocarbonate (EtS-CO-OEt), ethyl thiobenzoate (PhCO-SEt), and 
ethyl thioacetate (CH,-CO-SEt) are respectively formed in accord- 
ance with the general equation 


Mg(SEt)X +CICOR(CICO,R) —> EtS:COR(EtS-CO,R). 


It is well known that simple esters usually react with magnesium 
alkyl or aryl haloids with the production of tertiary alcohols, an 
alkyl or aryl group derived from the Grignard compound being 
substituted for the OR-group of the ester in accordance with the 
general equation : 


OM. 
Ro?” 42MgR’X —> RCZR’ 9) rcZR” 
NOR ae XR 

From a study of the action of the magnesium alkyl and aryl 
haloids on ethyl thiobenzoate, ethyl thioacetate, and ethyl thio- 
carbonate, it has now been shown that the SEt-group of these 
thio-esters is removed and that tertiary alcohols, containing no 
sulphur, are produced according to the equation : 


Va gX 


0 
RCC 4 2MgR’X=RCZ 
SEt NB’ 


+Mg(SEt)X. 


On decomposing the reaction products with water, Mg(SEt)X 
yields the original mercaptan from which the thio-ester was derived, 
and this may be recovered. Triphenylcarbinol has been prepared 
by the action of magnesium phenyl bromide on ethyl thiobenzoate, 
and on ethyl thiocarbonate, whilst phenyldiethylcarbinol has been 
obtained by the action of magnesium ethyl bromide on ethyl thio- 
benzoate and diphenylmethylearbinol by the action of magnesium 
phenyl bromide on ethyl thioacetate. 

The action of magnesium methyl iodide and magnesium ethyl 
bromide on diisoamylsulphoxide and diphenylsulphoxide was next 
investigated, the reaction being carried out in dry toluene, but 
very little reaction took place, a little sulphide being formed, but 
no sulphonium bases. 

Hinsberg (J. pr. Chem., 1912, [ii], 85, 337) has shown that in 
trimethylene trisulphoxide the SO-groups confer acidic properties 
on the hydrogen of the methylene groups. In a similar way, 
trimethylenetrisulphone is a yet stronger acid, but the hydrogen 
of the methylene groups does not react with diazo-salts or aldehydes. 
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Desmotropic compounds frequently react in the enolic form with 
magnesium alkyl haloids and evolve the corresponding paraffin 
hydrocarbon (Grignard, Compt. rend., 1902, 134, 849; McKenzie, 
T., 1906, 89, 380; Hepworth, T., 1919, 115, 1208). Trimethylene 
trisulphoxide and trimethylenetrisulphone were found to be un. 
affected by magnesium alkyl haloids, but both these compounds 
are almost insoluble in anisole, amy! ether, and other organic sol- 
vents. The ethyl ester of phenylsulphoneacetic acid (Michael, 
J. pr. Chem., 1899, [ii], 60, 96) reacts readily with magnesium 
methyl iodide with the production of methane, thus confirming 
the views of Michael (loc. cit.) on the tautomerism of this ester. 

Finally, the action of organo-magnesium compounds on the 
sulphones was investigated. It was found that diisoamylsulphone 
and diphenylsulphone are remarkably stable towards magnesium 
alkyl and aryl haloids, and that there is no analogy between the 
activity of the SO,-group in the sulphones and the CO-group in 
the corresponding ketones (compare Knoevenagel, Ber., 1888, 21, 
1347; V. Meyer, ibid., 1887, 20, 2947). Whilst magnesium alkyl 
haloids have no action on phenylbenzylsulphone, Klages (Ber., 
1904, 37, 1447) has shown that they react very readily with the 
corresponding CO-compound, deoxybenzoin. 

Sache and his collaborators (Ber., 1904, 37, 385, 3252) have 
shown that, although saccharin and its N-derivatives react with 
Grignard compounds, the SO,-group in these compounds is un- 
attacked. 


EXPERIMENTAL. 


Action of Magnesium Phenyl Bromide, Magnesium Ethyl Bromide 
and Magnesium Benzyl Chloride on Benzenesulphonyl Chloride. 


A mixture of 20 grams of benzenesulphony] chloride and 50 grams 
of dry ether was added drop by drop to an ice-cold solution of 
magnesium phenyl bromide prepared from 8°3 grams (3 mols.) of 
magnesium, 54 grams (3 mols.) of bromobenzene, and 150 c.c. 
of dry ether. At first the addition of each drop of the acid 
chloride mixture produced a vigorous reaction and gave rise to 
a white precipitate. After about one-third had been added, the 
reaction became less vigorous, and the flask was removed from 
the ice-cold water. When all the mixture had been added, it was 
observed that the ether layer was quite clear. After remaining 
at the ordinary temperature for sixteen hours, the reaction mixture 
was warmed on a water-bath for one hour. 

The upper, ethereal layer was decanted, decomposed with water, 
and the precipitated magnesium hydroxide dissolved in dilute 
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sulphuric acid. On distillation, a little bromobenzene and diphenyl 
were obtained. 

The lower, solid layer was covered with 100 c.c. of ether and 
cautiously decomposed with ice-cold water, followed by the addition 
of dilute acetic acid. After neutralisation of the ethereal layer 
with sodium carbonate, the ether was evaporated and the residue 
distilled in steam for one hour. A little benzene and diphenyl 
came over. The residue in the flask was then distilled in a 
vacuum : 

Ist fraction up to 200°/20 mm. 2 grams 
2nd, ~=—- 210—212°/20 mm. 16 grams. 


Fraction 1 consisted principally of diphenyl, whilst fraction 2 
melted at 68—70°. After two crystallisations from benzene, a 
white, crystalline product, m. p. 69—70°, was obtained (M in 
benzene=198, 202. (C,H;),SO requires M=202). A little di- 
phenylsulphone (m. p. 128°; b. p. 232°) was obtained on working 
up the residue left in the flask after distillation. 

In a similar experiment with 8 grams (3 mols.) of magnesium, 
37 grams (3 mols.) of ethyl bromide, and 20 grams of benzene- 
sulphonyl chloride, the products were 3 grams of phenyl ethyl 
sulphide, b. p. 204° (Beckmann, J. pr. Chem., 1878, [ii], 17, 439) 
(M in benzene=143, 144; calc., 138), 3 grams of phenyl ethyl 
sulphoxide (b. p. 146°/13 mm.) (Found: S=20°32, 20°47. M in 
benzene=152, 153. Cale. for CgH;-SO°C,H;, S=20°78 per cent. 
M=154), and a small quantity of phenylethylsulphone, m. p. 42° 
(Otto, Ber., 1880, 13, 1275). 

In an experiment in which 20 grams of benzenesulphony] chloride, 
§ grams (3 mols.) of magnesium, and 43 grams (3 mols.) of benzyl 
chloride were employed, 10 grams of phenyl benzyl sulphoxide, 
m. p. 125°, were obtained after two crystallisations from alcohol 
(M in benzene=219, 217; cale., 216) (Pummerer, Ber., 1910, 43, 
1406). 

On further concentrating the mother-liquors obtained from the 
crystallisation of the sulphoxide, a small quantity of phenylbenzyl- 
sulphone was obtained in greyish-white, hair-like needles, which, 
after one crystallisation from alcohol, melted at 148° (corr.) 
(Knoevenagel, Ber., 1888, 21, 1349). A small quantity of phenyl 
benzyl sulphide, m. p. 44°, was also obtained (Pummerer, loc. cit.). 


Action of Magnesium Phenyl Bromide and Magnesium Ethyl 
Bromide on Ethyl Chlorosulphonate. 


A mixture of 20 grams of ethyl chlorosulphonate and 50 c.c. of 
dry ether was added drop by drop to an ice-cold solution of 
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magnesium phenyl bromide ‘prepared from 10°1 grams (3 mols.) of 
magnesium, 65:2 grams (3 mols.) of bromobenzene, and 100 c.c. of 
dry ether. A vigorous reaction ensued and the product, after 
remaining overnight, was decomposed with water, followed by 
acetic acid in the usual manner. After extraction with ether and 
removal of this solvent, 30 grams of a reddish-brown oil were 
obtained, which was distilled in a vacuum. Three fractions were 
collected : 
Fraction 1, up to 110°/15 mm. 7 grams 
2, 110—180° 5 grams 
- 3, 210—215° 14 grams 
Residue about 3 grams 


> 


Fraction 1 consisted principally of bromobenzene, fraction 2 con- 
sisted of diphenyl, whilst fraction 3, after crystallisation from 
benzene, melted at 70° and the meiting point remained unaltered 
after admixture of pure dipheny! sulphoxide. 

In a similar experiment with 20 grams of chlorosulphonic ester, 
10°1 grams (3 mols.) of magnesium, and 45:2 grams (3 mols.) of 
ethyl bromide, 2 grams of diethyl sulphoxide, b. p. 88—90°/15 mm. 
(Pummerer, loc. cit.), were obtained as an uncrystallisable syrup, 
which, treated with fuming nitric acid, gave diethylsulphone, 
m. p. 70°, b. p. 248—250°, whilst 5 grams of diethyl sulphide were 
also obtained. A considerable quantity of the latter distilled over 
with the ether. 


Action of Magnesium Methyl Iodide on Ethyl Mercaptan and the 
Preparation of Thio-esters from Magnesium Ethylthiol Bromide, 
Mg(SEt) Br. 


Ethyl mercaptan was prepared from sodium ethylsulphate and 
a concentrated aqueous solution of potassium hydrosulphide, 
according to the method of Klason (Ber., 1887, 20, 3411). A 
considerable quantity of diethyl sulphide was also obtained during 
this preparation. 

A solution of 6°2 grams of ethyl mercaptan in 50 c.c. of dry 
ether was added drop by drop to a clear, ice-cold solution of 
magnesium methyl iodide, prepared from 2°5 grams of magnesium, 
14°5 grams of methyl iodide, and 50 c.c. of dry ether. A vigorous 
reaction ensued, the ether boiled, and a considerable quantity of 
methane was evolved. The white, voluminous precipitate was 
washed three times with dry ether and a portion of the precipitate 
dried in a vacuum over phosphoric oxide overnight (Found: 
Mg=11-50, 11°53; I=59°42, 59°53. C,H,ISMg requires Mg=11'41; 
I—59°62 per cent.). 
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In a similar manner, methane was evolved on treating n-butyl 
mercaptan with magnesium methyl iodide. 

To an ice-cold ethereal mixture of magnesium ethylthiol bromide, 
prepared in a similar way from 11 grams of ethyl mercaptan, 
9 grams of ethyl bromide, and 5 grams of magnesium, 28 grams 
of benzoyl chloride in 60 c.c. of dry ether were slowly added, whereby 
s vigorous reaction was initiated. After the addition was complete, 
the mixture was heated on a water-bath for three hours, cooled, 
and decomposed with ice-cold water. The product was extracted 
with ether, and after drying the ethereal extract and removing the 
ether, the residual oil was fractionated. After two fractionations 20 
gams of ethyl thiobenzoate, b. p. 241—243° (corr.), were obtained. 

In a similar manner, 16 grams of ethyl thiocarbonate, b. p. 
153—155° (corr.), were obtained from 10-4 grams of ethyl mer- 
aptan, 20 grams of ethyl bromide, 5 grams of magnesium, and 
19 grams of ethyl chloroformate, whilst 12 grams of ethyl thio- 
acetate, b. p. 116—117°, were obtained from similar quantities of 
magnesium, ethyl bromide, ethyl mercaptan, and 12 grams of 
acetyl chloride. 


Action of Magnesium Ethyl Bromide and of Magnesium Phenyl 
Bromide on Ethyl Thiobenzoate, and of Magnesium Phenyl Bromide 
on Ethyl Thioacetate and on Ethyl Thiocarbonate. 


A solution of magnesium ethyl bromide prepared from 3-1 grams 
5 mols.) of magnesium, 13-6 grams of ethyl bromide, and 20 c.c, 
of dry ether was slowly added to a solution of 7 grams (1 mol.) 
of ethyl thiobenzoate in 20 c.c. of dry ether, the ensuing vigorous 
reaction being moderated by immersing the flask in ice-cold water. 
A voluminous precipitate was formed. The mixture was now 
heated on a water-bath for two and a half hours, and, after remain- 
ing overnight, was decomposed with ice-cold water, followed by 
wuficient dilute sulphuric acid to dissolve the whole of the pre- 
ipitated magnesium hydroxide. The ethereal layer, which had 
4 powerful odour of mercaptan, was separated, the contents of 
the flask extracted three times with ether, and the ethereal solu- 
tion dried and distilled. One and a half grams of ethyl mercaptan 
vere recovered from the ether by repeated extraction with 25 per 
‘nt. sodium hydroxide and subsequent acidification with concen- 
tated hydrochloric acid. On distillation of the residue after 
vaporation of the ether, the main fraction boiled at 220—226° 
orr.), whilst on redistillation 6 grams of phenyldiethylcarbinol, 
», p, 223-224° and 124—125°/10 mm. (Kling, Compt. rend., 1903, 
137, 758), were obtained. 
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From 7 grams of ethyl thiobenzoate, 3-1 grams of magnesium 
and 20 grams of bromobenzene, 8 grams of triphenylcarbinol, 
m. p. 161°, were obtained. The carbinol was separated from 
diphenyl by distillation in steam, when the latter passed over, 
The carbinol crystallised in hexagonal rhombohedra from benzene, 
and gave a yellow colour with cold concentrated sulphuric acid. 

From 3-5 grams of ethyl thioacetate, and magnesium pheny! 
bromide prepared from 2-1 grams (2-5 mols.) of magnesium and 
13 grams of bromobenzene, 5 grams of methyldiphenylcarbinol, 
m. p. 80—81° (Klages, Ber., 1902, 35, 2646), were obtained in 
prisms (from ether). After two distillations at the ordinary pres. 
sure, 3-5 grams of as-diphenylethylene, b. p. 269—271°, were 
obtained (Masson, Compt. rend., 1902, 135, 533). 

In a similar manner, 7 grams of ethyl thiocarbonate, 5 grams 
of magnesium (4 mols.), and 31 grams of bromobenzene gave 
13 grams of triphenylearbinol, m. p. 161-5°. 


Action of Magnesium Ethyl Bromide and of Magnesium Phenyl 
Bromide on Diisoamyl Sulphoxide, Diphenyl Sulphoxide, Phenyl 
Benzyl Sulphoxide and Trimethylene Trisulphoxide. 


Diisoamyl] sulphoxide was prepared by the oxidation of diisoamyl 
sulphide with 30 per cent. hydrogen peroxide according to the 
method of Smiles (T., 1908, 93, 1833). 

Trimethylene trisulphoxide was obtained by the oxidation of 
trimethylene trisulphide in glacial acetic acid with 30 per cent. 
hydrogen peroxide according to the method of Hinsberg (J. pr. 
Chem., 1912, [ii], 85, 337). 

Five grams of diphenyl sulphoxide were added to an ethereal 
solution of magnesium methyl iodide, prepared from 2-3 grams 
(4 mols.) of magnesium, 14 grams of methyl iodide, and 35 c.. 
of dry ether. No evident reaction took place, even on warming 
for four hours on a water-bath. The bulk of the ether was removed, 
50 c.c. of dry toluene were added, and the mixture was heated 
for twelve hours. After decomposition in the usual way, extrac 
tion with ether and distillation of the oil obtained after removal 
of the ether, 2-5 grams of diphenyl sulphide (b. p. 294—296°) and 
2-2 grams of unchanged diphenyl sulphoxide (m. p. 70°; b. Pp. 
210°/15 mm.) were obtained. No sulphonium base was formed 
during the reaction. 

The reaction between magnesium phenyl bromide and dipheny! 
sulphoxide or diisoamyl sulphoxide in dry toluene is very much 
slower than with magnesium ethyl bromide. From 5 grams of 
dipheny] sulphoxide and magnesium phenyl] bromide, only 1-5 grams 
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if diphenyl sulphide were obtained after fifteen hours’ heating, 
yhilst no sulphonium base was formed. In a similar experiment 
vith 5 grams of ditsoamyl] sulphoxide, 3 grams of magnesium and 
19 grams of methyl iodide, 3 grams of diisoamyl sulphide (b. p. 

§9/3215°) were obtained. 

‘f Five grams of phenyl benzyl sulphoxide, 2-3 grams of magnesium 
3-2 mols.), and 14 grams of methyl iodide, when heated for fifteen 
hours in toluene containing a few c.c. of ether, gave 2 grams of 
phenyl benzyl sulphide, m. p. 44° (Pummerer, Joc. cit.), and 2-5 
gams of unchanged phenyl benzyl sulphoxide. 

In order to ascertain whether phenyl benzyl sulphoxide or tri- 
nethylene trisulphoxide had any tendency to react in the enolic 
frm with Grignard compounds, the following experiments were 
carried out. 

A round-bottomed flask of 150 c.c. capacity, carrying a side-tube 
attached to a Lunge nitrometer containing dry mercury, was 
thoroughly dried and 20 c.c. of dry anisole, previously distilled 
over sodium and afterwards over phosphoric oxide, together with 
10 c.c. of a solution in anisole of magnesium methyl iodide, free 
fom methyl iodide, were added. A small test-tube containing 
(15 gram of either of the above sulphoxides was carefully placed 
in the flask, which was then immersed in a thermostat at 70°. 
When the pressure had become constant, usually after two to three 
hours, the flask was shaken so as to bring the sulphoxide into 
intimate contact with the Grignard compound. No appreciable 
increase in volume took place, even when heating was continued 
for an hour after mixing. 


Action of Magnesium Methyl Iodide on Diphenylsulphone, Phenyl- 
benzylsulphone, Trimethylenetrisulphone, and Ethyl Phenylsulphone- 
acetate. 


Diphenylsulphone was prepared by the action of benzenesulphonyl 
chloride on benzene in the presence of aluminium chloride, according 
to the method of Beckurts and Otto (Ber., 1878, 11, 2066). Tri- 
methylenetrisulphone was prepared by the action of potassium 
permanganate on trithioformaldehyde (Camps, Ber., 1892, 25, 234), 
vhilst ethyl phenylsulphoneacetate was obtained by the action of 
tthyl chloroacetate on sodium benzenesulphinate (Michael, Joc. cit.). 

Five and a half grams of diphenylsulphone were added to a 
‘olution of magnesium methyl iodide prepared from 2-1 grams 
¢ mols.) of magnesium, 13 grams of methyl iodide, and 30 c.c. 
ofdry ether. No reaction took place on heating on the water-bath 
for four hours. The bulk of the ether was removed, 50 c.c. of 
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dry toluene were added, and the flask was heated on a sand-bati 
for eighteen hours. After decomposing the product in the us 
way, 4 grams of unchanged diphenylsulphone were recovered. Ni 
diphenyl] sulphide or sulphonium base was detected. Similar resul 
were obtained with phenylbenzylsulphone and _ trimethylenetri 8) 
sulphone, even when anisole was substituted for toluene as solven h 
medium. 

Ethyl phenylsulphoneacetate (0-1 gram) was allowed to rea By 
with excess of magnesium methyl iodide in dry anisole in th 
apparatus already used for studying the action of the same Grignang§, j),.. 
compound on pheriyl benzyl sulphoxide. There was a vigoro 
reaction, much gas was evolved, and after half an hour 8-9 ce 
(at N.T.P.) of methane were collected (calc. on the basis of th 
reaction, C,H,*SO,°CH,*CO,Et-+MgMel, CH,=9-82 c.c.). 

Further experiments are being carried out in these laboratorie ydroce 
on the action of Grignard reagents on the ethyl esters of phenyl tability 
and ethyl-thiolacetic acids in the hope of obtaining corresponding... 
tertiary alcohols containing sulphur. tain 
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d-batt 
) usu XXIV.—The Formation and Stability of spiro-Com- 


_ : pounds. Part V. Derivatives of cycloHexane- 
enetif spirocyclohexane and of cycloPentanespirocyclo- 


solven hexane. 


By WoopFrorD STANLEY GOWAN PLUCKNETTE NoRRIs and 


» rea 
JOCELYN Fretp THORPE. 


in th 
igne Bi the study of spiro-compounds which is now being carried out in 
OTOUS se laboratories, and as the outcome of which it is hoped to gain 
9 CCB me insight into the nature of valency as it occurs in carbon com- 
of the hounds, the substances hitherto dealt with have been those which 
_ ontained groups attached to the carbon atoms of the spirane 
atone iydrocarbons, and conclusions have been drawn by comparing the 
henyl tability of such systems with corresponding compounds of other 
onding vries. It is evident, however, that valuable evidence will be 
btained by comparing the stability of the spirane hydrocarbons 
hemselves, such as, for example, cyclohexanespirocyclohexane (I) 
and cy oi aggaay ninggoag, (II). 


AE >o TEs, Po Giles, 


Viessrs 
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(I.) (III.) 
CH,-CH,__,_-CH,‘CH, 
921) (H,-CH,” C<cH,-CH,> “Hs 
(II) 


Moreover, the comparison of these hydrocarbons and their deriv- 
tives with similar hydrocarbons of type (III) will afford valuable 
vidence concerning the ease of formation and stability of similarly 
pnstituted systems. 

It is apparent that the best way to prepare hydrocarbons and 
trivatives of hydrocarbons of types (I) and (II) would be to utilise 
ie reaction by which Vorlinder (Annalen, 1897, 294, 253) had 
tained dimethyldihydroresorcinolcarboxylic ester (IV) from 
thyl (sodio)malonate (V) and mesityl oxide (VI), because not only 


(>CCH-COMe CH, (C0, Et), Me>C< CHICO, Rt) Et): o> CAs 
(VI.) (V.) (IV.) 


hes the reaction proceed smoothly and under easily controlled 
mnditions, but also because a method for the preparation of the 
drocarbons from this and analogous compounds has been worked 
ut by Crossley and his collaborators. 

VOL. CXTX. TT 
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At first sight it did not seem as if it would be an easy matter to 
obtain the two compounds (VII) and (VIII) which are analogous 
CH,°CH,. ,.-CH, CO 
CHe< Cqy.CH. > CScH(CO,Et)-Co7 C2 
(VII.) 
CH,°CH, -——c... 
(H,-CH,” “SCH(CO,Et)-CO7 
(VIII.) 


to dimethyldihydroresorcinolearboxylic ester and which would form 
the basis of this investigation, because the only ketones allied to 
mesityl oxide in the cyclic series which have hitherto been prepared 
are cyclohexenylacetone (IX) (Wallach, Annalen, 1912, 394, 362), 
and cyclopentenylacetone (X) (Kon, this vol., p. 823). 


CH,-CH, CH,-CH, 
CHy<oH,- cH? CCH: 00-CH, OH,—CH7 C’CH,C0-CH, 


CH, 


(IX.) (X.) 


Wallach’s ketone (IX) was prepared by the condensation of 
cyclohexanone and acetone. It was also prepared by Kon (loc. cit. 
from the calcium salt of cyclohexanediacetic acid on distillation, 
and there could be no question that the two substances were iden- 
tical, since they had the same refractive index and gave identical 


semi-carbazones. It was evidently the absence of exaltation in the 
refractive power which led Wallach to place the double bond of 
his compound within the ring, and a similar formula was therefore 
assigned by Kon to the ketone (X) which he had obtained by dis-§" 
tilling the calcium salt of cyclopentanediacetic acid, a ketone which 
also failed to give a refractive power having the required exaltation 
for a double bond outside the ring. 

It did not seem likely, therefore, assuming the physical evidence 
of structure to be conclusive, that the desired condensation product 
could be obtained from these ketones, especially as Harding, 
Haworth, and Perkin (T., 1908, 93, 1949) have shown that in the 
case of the similarly constituted cyclohexenylacetic ester (XI) 

CH,CH aap . CH,°CH, CH,°COs of 
CH;<¢H?-cH?e CH, CO, Et CH<¢H?.cH?> C\cH;-CO” 2 
(XI.) (XIL) 
CH,°CH, CH,°CO 
OH,-CH,7 C\cH,-co7 CH 
(XIIL.) 


no condensation product is formed with ethyl sodiocyanoacetate 
and that, in fact, the rule regarding the inability of By-unsaturated 
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ketones and esters to undergo the “ Michael’’ condensation is 
strictly adhered to. 

Nevertheless, in view of its importance for our work, we were 
led to try the condensation of the ketones (IX) and (X) with ethyl 
sodiomalonate in order to find whether under special experimental 
conditions it would be possible to induce interaction to occur, and 
we were, therefore, greatly surprised to find that under the usual 
Vorlinder conditions a 70—80 per cent. yield of the normal con- 
densation products (VII) and (VIII) were obtained. These com- 
pounds, in the hydrated form in which they are always isolated, 
are crystalline solids which pass on hydrolysis into the dihydro- 
resorcinol derivatives (XII) and (XIII). 

We do not consider, on the chemical evidence, that there can 
be any reason to doubt that the formulz assigned by Wallach to 
the ketone (IX) and by Kon to the ketone (X) are incorrect, and 
that the real structures of these compounds should be represented 
by the formule (XIV) and (XV). 


CH,°CH,~_... CH,-CH,~ 
CHy<cH,CH, CCH COCH, = yy cy, C-CHCO-CH; 


(XIV.) (XV.) 
Experiments on the oxidation of these ketones are now in 
progress, and it is hoped that these will supply confirmatory evidence, 


but, on the other hand, compounds of this type are not easy to 
oxidise and often fail to give readily recognisable products. It 


;.4 "a8, therefore, with the object of strengthening the chemical evidence 


in favour of formule (XIV) and (XV) that we have extended the 
negative evidence supplied by Harding, Haworth, and Perkin by 
condensing cyclohexylideneacetic ester (XVI) with ethyl sodio- 
tyanoacetate, and we have obtained in this way a cyano-ester, from 
which we have prepared cyclohexanediacetic acid (XVII) on 
hydrolysis. 

(XVL.) (XVII.) 


There is, then, definite proof that the By-ester (XI) does not 
wdergo the ‘‘ Michael” condensation and that the «$-ester (XVI) 
does so, and it would, we think, be unreasonable to suppose 
that the corresponding ketones do not behave in the same 
way, 

The constitutions of the spiro-derivatives (XII) and (XIII) were 
onirmed by oxidation. cycloHexanespirocyclohexane-3 : 5-dione 
XII) gave cyclohexane-1 : 1-diacetic acid (XVII) on oxidation with 

TT2 
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hypobromite, and cyclohexane-1-acetic-l-carboxylic acid (XVIII) 
on oxidation with alkaline permanganate. 
CH,°CH. 
CHs< cq, -CH,> ©(C0zH)-CH,CO,H i 
(XVIIL.) 


CH,CH 
(HCH, C(COzH)-CH,CO,H 
(XX.) 


In the same manner cyclopentanespirocyclohexane-3 : 5-dione 
(XIII) gave, with hypobromite, cyclopentane-1 : 1-diacetic acid 
(XIX), and with alkaline permanganate, cyclopentane-1-acetic-]. 
carboxylic acid (XX). 

It will be noticed that in his work on dimethyldihydroresorcinol, 
Vorlander (loc. cit.) prepared the dibromo-derivative by the action 
of excess of bromine on the diketone. He observed that one of 
the bromine atoms in the dibromo-compound was readily removed 
by alkali, but that the other could not be replaced even by pro- 
longed boiling with strong aqueous alkali hydroxide. He therefore 
considered that formula (X XI) best represented the reactions of 
the substance. 


H,-CH 


CH,-00,H 
2 2 
>C< HCO. 


Me,C< oH C(OBr> CBr Me,C<GH* 6 > CBr 
(X-XI.) (XXII) 

The suggested formula is a peculiar one, because there are few 
organic compounds in which the presence of the grouping OBr 
can be definitely established. Moreover, there is no essential 
difference between the behaviour of the dibromo-compound and, 
for example, the dibromo-derivatives of substituted malonamides 
described by Backes, West, and Whiteley (this vol., p. 359), 
although in these and similar cases the second bromine atom is 
removed with greater ease. Owing to the high tendency to crys- 
tallise which the derivatives of dihydroresorcinol possess, it is, a8 
it happens, a simple matter to put the Vorlinder formula to exper'- 
mental proof and we have done this by first preparing the mono- 
bromo-derivative (XXIII) and then chlorinating it to the bromo- 
chloro-derivative, which, if Vorlander were right, would have the 
formula (XXIV). 

a CH,——-CO 
MeC<GH*. COR)? CBE MesC<o?.c(ocy? CF 
(XXIII). (XXIV.) 

We have then reversed the process and have prepared the 
monochloro-derivative (XXV), which we have subsequently 
brominated to the chlorobromo-derivative (X XVI). 
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ro 
(EXV.) OExvE) 


MeC< oH? 0 >CBrCl 


(XXVIL) 

Since the compounds (X XIV) and (X XVI) are identical and both 
id the same monochloro-derivative on treatment with alkali, 
itis evident that their formula must be represented by (X XVII), 
and that Vorlinder’s view is incorrect. 

The reason why two substances so similar in structure as, for 
aample, acetylacetone and dimethyldihydroresorcinol should 
have so very differently on bromination—the one yielding a 
nonobromo-derivative, the bromine of which is replaceable by the 
hydrogen of hydriodic acid, and the other a dibromo-derivative, 
aly one of the halogen atoms of which is replaced under these 
wnditions—must, of course, be due to the stability of the keto- 
form (XXVIII) in the one case and the enolic form (XXIX) in 
the other.* 

Me:CO CH,——CO 
MeCO> CHBr Me,C< CH; (OH)? CBF 
(X XVIII.) (XXIX. )* 

This is, then, another instance of the cyclohexane complex 
rquiring the presence of a double bond in order to confer on it 
wnditions of stability. Apart, however, from this, there are the 
nore general questions regarding the mechanism of the reaction 
ty which the reactive bromine in these compounds is replaced and 
the reasons which render the bromine reactive. 

It is possible that bromine elimination from these compounds is 
determined by the tendency for the substance containing it to 
acquire the hydrogen atom necessary for tautomerism. The 
raction may therefore be of the same kind as that which leads to 
the elimination of a carbethoxy-group as ethyl carbonate when esters 
vhich are potentially tautomeric are treated in alcoholic solution 
vith a trace of sodium ethoxide. Numerous examples of this kind 
have now been recorded (compare Mitchell and Thorpe, T., 1910, 
115, 143; Thole and Thorpe, T., 1911, 99, 2183, 2192; and Ingold 
and Thorpe, T., 1919, 115, 143), one of the most striking being 
that shown by the equation : 


CHE RH)? C(COzEt), + EtOH — 
CHA<C(RH)>CH-CO,Et + CO(OFt). 


* Compound (X XIX) decomposes alkali carbonates. 
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It was at first found to be impossible to convert the dihalogen 
derivatives of type XXXII completely into the monohalogen 
analogues (type XXX) by the action of aqueous sodium hydroxide, 
owing to the fact that the formation of sodium hypobromite led to 
the production of some bromoform at the expense of a carbon atom 
of the ring. This difficulty was ultimately overcome by carrying 
out the reaction in the presence of carbamide, when the change was 
found to be almost quantitative. 

The monohalogen derivatives (XXX) and (XX XI), when hal.= 
Br, are readily formed by the action of excess of bromine in chlor. 
form solution, whereas the evap oe compounds (XXXII) 


< CH CH, 


(XXX.) 
CH, CH, —CO 
OH,-CH,- oS ‘C(OH)* 

(XXXL) 


> C(hal.) 


wy CHa CH, 9p ~CH,°CO 
CH, <CH.CH 2>C< cH: CQ C(hal.)s 


(XXXII) 


and (X XXIII) are produced only in aqueous solution. Two atoms 
of chlorine, however, readily enter in chloroform solution and the 
same ease of formation is exhibited by those dihalogen derivatives 
which contain both chlorine and bromine. 


CH,-CH, . -CH,CO. Me. CH,*CO 
OH,-CH,-C<CH,CO7 CML 2 Me 2 CS oH CO? COBr 


(XX XIIL.) (XXXIV.) 


The general identity of the chlorobromo- and _bromochloro- 
derivatives of substituted dihydroresorcinols was also proved by 
preparing the two types from dimethyldihydroresorcinol and show- 
ing them to have the same formula (XXXIV). 


EXPERIMENTAL. 


Condensation of cycloHexylideneacetone with Ethyl Sodiomalonate 
Ethyl cycloHexanespirocyclohexane-3 : 5-dione-2-carboxylate 
(Formula VII, p. 1200). 


The ketone was prepared by Wallach’s method from cyclohexan- 
one and acetone (Annalen, 1912, 394, 362); 46°5 grams wert 
condensed with 48 grams of ethyl malonate and 7:5 grams of sodium 
in 150 c.c. of alcohol. After heating on the water-bath for two 


halogen 
halogen 
lroxide, 
e led to 
mn atom 
arrying 


1ge Was 


- hal.= 
chloro. 
XXII) 


fORMATION AND STABILITY OF SPIRO-COMPOUNDS, PART V. 1205 


jours, the reaction mixture, which was now dark red, was cooled 
and poured into one litre of water, from which unchanged ethyl 
nalonate was extracted by means of ether. On acidifying, an oil 
separated, which quickly solidified; it was obtained as small, white 
needles from alcohol or water and melted at 87° to a bright red 
liquid. It was evidently the hydrated ester containing 1 molecule 
of water. The yield was 84 per cent. of the theoretical (Found : 
(=62°30; H=8'23. C,,H. 90,,H,O requires C=62°2; H=8-2 
per cent. ). 

The ester behaves as a monobasic acid, dissolving with effervesc- 
ence in sodium hydrogen carbonate solution, from which it is 
precipitated unchanged by mineral acids. Aqueous or aqueous 
iooholic solutions of the ester give a reddish-violet colour with 
ferric chloride. On being warmed above 100° or on being dis- 
lved in non-hydrolytic solvents, the solid ester loses its water of 
eystallisation. The anhydrous ester is a yellow, viscous gum 
which did not solidify when kept in a vacuum desiccator for several 
nonths. On exposure to moist air the anhydrous gum absorbs 
water and passes into the hydrated solid. 

cycloHexanespirocyclohexane-3 : 5-dione (Formula XII, p. 1200).— 
The acid produced on hydrolysing the ester loses carbon dioxide 
immediately, giving the dihydroresorcinol derivative. Hydrolysis 
was effected by means of baryta, 30 grams of hydrated ester being 
boiled under reflux for twenty hours with 100 grams of crystallised 
barium hydroxide and 700 grams of water. The hot solution was 
acidified, filtered, made strongly acid with hydrochloric acid, and 
boiled for fifteen minutes. On cooling, the dihydroresorcinol 
derivative separated in clusters of small needles. 

It was actually found convenient, when preparing this substance, 
not to isolate the ester, but to proceed directly as follows :—Fifty- 
ix grams of ethyl malonate and 43 grams of cyclohexylideneacetone 
were condensed by heating for two hours with a solution of 8 grams 
ofsodium in 88 grams of alcohol. The hot solution was poured into 
4 boiling solution containing 300 grams of crystalline barium 
hydroxide in 2400 grams of water and the whole boiled under reflux 
for twenty hours. The product was then isolated in the same way 
as the ester. Yield 80 per cent. of the theoretical. 

cycloHexanespirocyclohexane-3 : 5-dione behaves as a monobasic 
acid and dissolves in a solution of sodium hydrogen carbonate with 
eflervescence. An aqueous alcoholic solution gives a reddish-purple 
colour with ferric chloride. It is readily soluble in benzene, chloro- 
form, and alcohol, less so in water or light petroleum. It can, 
however, be recrystallised from any of these solvents and obtained 
in colourless needles which melt at 170°5° to a bright red liquid 
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(Found: C=73:19; H=8°87. C©,,H,,0, requires C=73°3; H= 
8°9 per cent.). 

The anilide, prepared as a pasty mass by boiling with aniline, 
was purified by rubbing with cold dilute hydrochloric acid and 
recrystallising from alcohol. It forms bright yellow needles which 
melt at 162°5° (Found : C=80°76; H=8°39; N=5°72. C,,H,,0N 
requires C=80°0; H=8°3; N=5°5 per cent.). 

Methylenebiscyclohexanespirocyclohexane-3 : 5-dione, 

(CHC QOH )aCH, 
is formed as a heavy, white precipitate upon adding formaldehyde 
solution to a warm aqueous solution of the dihydroresorcinol 
derivative. It forms short, colourless needles from alcohol and 
melts at 206° (Found: C=73°61; H=8°65. C,,H,.0, requires 
C=74:1; H=8'7 per cent.). 

Oxidation of cyclohexanespirocyclohexanedione to cyclohexane. 
1 : 1-diacetic acid (formula XVII, p. 1201) was effected by means of 
bromine and sodium hydroxide. Five grams, dissolved in 25 c.. 
of 10 per cent. sodium hydroxide solution and cooled to 0°, were 
slowly added, with vigorous shaking, to an ice-cold solution of 
15°5 grams of bromine in 350 c.c. of water which had been neutra- 
lised with 10 per cent. sodium hydroxide solution. After standing 
in ice for thirty minutes, a test portion no longer gave a precipitate 
with hydrochloric acid. A slight excess of sodium sulphite solution 
was now added and the filtered solution acidified with hydrochloric 
acid. A quantitative yield of cyclohexanediacetic acid, melting 
at 179°, was obtained on extracting with ether (Found : C=60°23; 
H=8:07. Calc., C=60°0; H=8'l per cent.). 

Oxidation to cycloHexane-1-acetic-1-carboxylic Acid (Formula 
XVIII, p. 1202).—Four grams were dissolved in 10 c.c. of 10 per cent. 
sodium hydroxide solution and 13 grams of potassium permanganate 
dissolved in cold water were added. The mixture was allowed to 
stand at room temperature for forty-eight hours, when the excess 
of permanganate was destroyed by sulphur dioxide and the acidified 
liquid extracted with ether. The pure acid forms colourless 
prisms from water and melts at 134° (Found : C=57°94; H=7°66. 
C,H,,0, requires C=58°0; H=7°6 per cent.). 

The silver salt is obtained as a colourless precipitate (Found: 
Ag=53'96. C,H,,0,Ag, requires Ag=53°9 per cent.). 

The anhydride, prepared by boiling the acid with acetyl chloride 
for one and a half hours, crystallises well from light petroleum 
(b. p. 40—60°) as colourless glistening plates which melt at 57 
(Found: C=64:19; H=7-23. C,H,,0, requires C=642; H=7? 
per cent.). 
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The anilic acid, prepared from the anhydride and aniline in benzene 
wlution, crystallises from alcohol as glistening plates which soften 
it 176° and melt with evolution of steam at 180° (Found : C = 68°96; 
¥=7'78. C,;H,,0,N requires C=68°9; H=7'3 per cent.). 

cycloHexane-1-acetic-1-carboxylic acid is characterised by forming 
scalcium salt, which is precipitated on boiling a neutral solution 
if the ammonium salt containing calcium chloride. 


Condensation of cycloPentylideneacetone with Ethyl Sodiomalonate. 
Ethyl cycloPentanespirocyclohexane-3 : 5-dione-2-carboxylate 
(Formula VIII, p. 1200). 


The ketone was prepared by the dry distillation of the calcium . 
alt of cyclopentane-1 : 1-diacetic acid in a current of nitrogen 
(Kon, this vol., p. 822). The condensation was effected in the 
ame manner as in the previous experiment and the product 
isolated in the same way. The solid (hydrated) ester can be 
rerystallised from dilute alcohol if a solution in this solvent 
saturated at 55° is allowed to cool after having been seeded, but the 
operation is a difficult one owing to the ready manner in which the 
ubstance loses its water of hydration. It forms, in its hydrated 
wndition, small, colourless plates which melt at 65—67°, forming a 
rd liquid. It can also be recrystallised from dilute acetic acid 
found: C=60°63; H=7°'80. C,,;H,,0,,H,0 requires C=60°9; 
H=7'9 per cent.). ° 

The anhydrous ester, which is readily formed when an ether 
lution of the hydrated modification is dried with calcium chloride, 
isobtained as a yellow oil on evaporating the ether. It is a mono- 
basic acid which decomposes solutions of sodium hydrogen car- 
bonate, and gives a reddish-purple colour in alcoholic solution with 
ferric chloride. 

cycloPentanespirocyclohexane-3 : 5-dione (Formula XIII, p.1200).— 
Hydrolysis of the above ester may be effected by barium hydroxide 
wlution, or the dihydroresorcinol derivative may be prepared with- 
out isolating the ester. In both cases the operations are the same 
«s those described in the case of the higher homologue. The yield 
ty the direct process was 80 per cent. of the theoretical. 

The diketone separates from benzene as colourless needles melting 
toared liquid at 135—136°5°; it is soluble in chloroform, benzene, 
ind alcohol, and gives in alcoholic solution a reddish-purple colour 
with ferric chloride (Found: C=71'74; H=8:47. Cy 9H,,0, 
requires C=72°2; H=8°5 per cent.). 

The anilide was prepared by boiling with excess of aniline for five 
ninutes. After purification in the usual manner, it forms clusters 

as 
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of bright yellow needles from alcohol and melts at 171° (Found: 
N=6'10. C,,H,,ON requires N=5°9 per cent.). 

Methylenebiscyclopentanespirocyclohexane-3 : 5-dione is obtained 
by the action of formaldehyde solution on an aqueous solution of 
the diketone. It forms flattened needles from alcohol and melts at 
165° (Found: C=73:23; H=8°17. C,,H,.0, requires C=73?2; 
H=8:2 per cent.). 

Oxidation of the diketone to cyclopentane-1 : 1-diacetic acid 
(formula XIX, p. 1202), was carried out in the same way as described 
on page 1206, 1 gram of the spiro-compound, dissolved in 10 c.c. of 
10 per cent. sodium hydroxide solution, being treated with 3°4 grams 
of bromine in 100 c.c. of water. The yield of the diacetic acid 
(m. p. 178—179°) was quantitative (Found: C=57°68; H=7°50. 
Calce., C=58°0; H=7°6 per cent.). 

Oxidation to cycloPentane-1-acetic-1-carboxylic Acid (Formula XX, 
p. 1202).—Six hundred c.c. of 1°5 per cent. aqueous permanganate 
were slowly added at room temperature to 2 grams of the spiro. 
compound and 5 grams of sodium carbonate dissolved in 160 c.. 
of water. The product, worked up in the usual way, gave | gram 
of crystalline acid, which formed short colourless needles from 
alcohol and melted at 156°5° (Found: C=55°98; H=64. 
C,H,,0, requires C=55°8; H=7-0 per cent.). 


Condensation of Ethyl cycloHexylideneacetate with Ethyl Sodio- 
cyanoacetate. Production of cycloHexane-| : 1-diacetic Acid. 


cycloHexylideneacetic acid was prepared by the method of 
Beesley, Ingold, and Thorpe (T., 1915, 107, 1099) and esterified. 
The neutral ester (10°5 grams) was then condensed with the sodium 
compound of ethyl cyanoacetate formed by mixing 8 grams of 
ethyl cyanoacetate with a solution containing 1°6 grams of sodium 
dissolved in 80 grams of alcohol; the reaction was finished after 
heating for two hours on the water-bath. The condensation pro- 
duct was then extracted in the usual way and hydrolysed, without 
further purification, by boiling with 50 per cent. aqueous sulphuric 
acid for four hours. The product yielded white crystals of the 
diacetic acid, which melted at 178—180° and showed no depression 
of the melting point when mixed with a specimen of the pure acid. 


The Halogen Derivatives of cycloHexanespirocyclohexane-3 : 5-dione. 
cycloHexanespiro-4-bromocyclohexane-3 : 5-dione (Formula 
XXX, p. 1204). 


Slight excess of bromine dissolved in chloroform was added 
gradually, with shaking, to a chloroform solution of the dihydro- 
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resorcinol derivative. After the solvent had been evaporated on 
the water-bath a syrup remained, from which the solid bromo- 
derivative was obtained by solution in chloroform and addition of 
light petroleum. It was found necessary, in order to remove traces 
of a more highly brominated product, to boil the solid for ten 
winutes with a 10 per cent. solution of alkali hydroxide, and to 
nerystallise the bromo-compound, reprecipitated by acid, from 
benzene. It forms colourless needles melting at 177° (Found : 
Br=30°69. C,,H,,O,Br requires Br=30°8 per cent.). The bromo- 
derivative dissolves in aqueous solutions of alkali carbonates and 
alkali hydroxides. 

cycloHexanespiro-4 : 4-dibromocyclohexane-3 : 5-dione (Formula 
XXXII, p. 1204).—T'wo grams of the dihydroresorcinol derivative 
were added to 20 c.c. of water containing 10 grams of bromine and 
the whole was ground together in a mortar. The yellow, granular 
wlid formed in this way was purified by first grinding it with sodium 
hydrogen carbonate solution and then recrystallising it from benzene 
oa dilute alcohol. It forms long, colourless needles which melt at 
125° (Found: Br=46°90. C,,H,,0,Br, requires Br=47°1 per cent.). 

The conversion of the dibromo-derivative into the monobromo- 
compound can be almost quantitatively effected by treating 1 gram 
with 20 c.c. of a 10 per cent. solution of sodium hydroxide con- 
taining excess of carbamide. The dibromo-derivative passes into 
lution with rise of temperature, and at the same time nitrogen 
evolved. The clear solution yields 0°74 gram of the monobromo- 
derivative on acidification. 

cycloH exanespiro-4-chlorocyclohexane-3 : 5-dione (Formula XXX, 
p. 1204).—Slight excess of dry chlorine gas was passed into a chloro-: 
form solution of the spiro-compound and the solvent evaporated. 
The residue was then treated with sodium hydrogen carbonate 
wlution and the monochloro-derivative precipitated from the 
iltrate by hydrochloric acid. It forms colourless needles from alco- 
hol and melts at 166°5° (Found : C=61'36; H=6-90. C,,H,,0,Cl 
requires C=61°5; H=7-0 per cent.). 

The compound combines with one molecule of water of crystallisa- 
tion, which it loses in an evacuated desiccator. It gives a reddish- 
purple coloration with ferric chloride. 

cycloHexanespiro-4 : 4-dichlorocyclohexane-3 : 5-dione (Formula 
XXXII, p. 1204) is the insoluble residue left after treatment with 
‘dium hydrogen carbonate solution in the above experiment, and 
‘an also be obtained in quantitative yield if a large excess of chlorine 
used. It crystallises from alcohol as colourless needles which 
melt at 89° (Found: C=53:04; H=5°79. C,,H,,0,Cl, requires 
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The dichloro-derivative is completely converted into the mono. 
chloro-compound by treatment with potassium iodide in glacial 
acetic acid solution. 

cycloHexanespiro-4-chloro-4-bromocyclohexane-3 :5-dione (For. 
mula XXXII, p. 1204) can be prepared either by treating the mono. 
bromo-derivative with chlorine or from the monochloro-derivative 
on treatment with bromine, both operations being carried out in 
chloroform solution and the product being freed from any unchanged 
monohalogen compound by treatment with sodium hydrogen 
carbonate solution. It forms slender colourless needles from light 
petroleum (b. p. 60—70°) and melts at 101° (Found: C=45:34; 
H=490. (C,,H,,0,CIBr requires C=45°0; H=4'8 per cent.). 

The compound is converted into the monochloro-derivative on 
treatment with an aqueous solution of sodium hydroxide and 
carbamide. 

4-Chloro-4-bromo-1 : 1-dimethyleyclohexane-3 : 5-dione (Formula 
XXXIV, p. 1204) is prepared either by the chlorination of the mono- 
bromo-derivative (Vorlander, Annalen, 1902, 322, 239) or by the 
bromination of the monochloro-derivative (Vorlinder, loc. cit.), in 
chloroform solution. It separates from light petroleum (b. p. 60—- 
80°) as long, felted, colourless needles which melt at 138°5° (Found: 
C=37'76; H=4-03. C,H,,0,CIBr requires C=37'9; H=40 per 
cent.). 

The compound is converted into the monochloro-derivative (m. p. 
161°) by means of potassium hydroxide solution and carbamide. 

cycloPentanespiro-4-bromocyclohexane-3 : 5-dione (Formula§ 
XXXI, p. 1204), prepared in the same manner as the cyclohexanef). 
-homologue, separates from alcohol as flat, colourless plates which 
melt at 157° (Found: Br=32°62. C, 9H,,0,Br requires Br=324 
per cent.). 

cycloPentanespiro-4 : 4-dibromocyclohexane-3 : 5-dione (Formula 
XXXIII, p. 1204) is the material formed in the above experiment 
which is insoluble in sodium hydrogen carbonate solution. It 
crystallises from benzene as needles and melts at 111° (Found: 
Br=48'21. Cj, 9H,,0,Br, requires Br=47°6 per cent.). 
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DYES DERIVED FROM PHENANTHRAQUINONE. 


CXXXV.—Dyes derived from Phenanthraquinone. 


By Epwin Roy Watson and SIKHIBHUSHAN Dorr. 


Tus work was started in the British Dyes laboratory at the Leeds 
lniversity in 1918 with the object of preparing valuable dyes from 
thenanthrene. Most of the new compounds described were again” 
wepared in the Dacca College laboratory, and all the recorded 
malyses were made there. The investigation is to some extent a 
wntinuation of that described in T., 1916, 109, 617. It may 
wnveniently be divided into four parts. 


(A) Attempts to Prepare the Phenanthraquinone Analogues of 
the Anthracene Mordant Dyes. 


Mention has already been made (loc. cit.) of the interesting 
iyeing properties of 3 : 4-dihydroxyphenanthraquinone (morphol- 
qinone). Dr. Barger kindly gave one of us a small sample of 
3:4-dihydroxyphenanthrene, from which we were able to prepare 
norpholquinone and to test the fastness of its dyeings, which were 
found to be excellent in all respects. Renewed efforts were made - 
‘B 0 obtain dyes of this class by the methods used in the anthracene 
wries. It seemed possible that the failure to produce anything of 
interest by the action of fuming sulphuric acid and sulphur on 
); 7-dinitrophenanthraquinone (loc. cit.) was due to the unfavourable 
psition of the nitro-groups, as the para-positions to these groups 
ae not free. Similar experiments were therefore carried out 
vith 4: 5-dinitrophenanthraquinone, but with no better success. 
Attempts were also made to convert the nitro-groups into hydroxyl- 
amino-groups by other methods, with the idea of then inducing the 
hydroxyl groups to wander and produce the diaminodihydroxy- 
‘Bcompound. But attempts at reduction with zinc dust and 
immonium chloride, zinc dust and dilute acid, sodium stannite, 
“dium sulphide, electrolytic reduction, and reduction to the 
amino-compound followed by diazotisation and treatment with 
hydroxylamine (compare Wacker, Ber., 1902, 35, 3927) were 
‘qually unsuccessful. It was possible that the failure to produce 
interesting dyes by the action of manganese dioxide and sulphuric 
wid on 2-hydroxy- and 2:7-dihydroxy-phenanthraquinone was 
due to the unfavourable position of the hydroxyl groups and that 
better results might be obtained by the action of oxidising agents 
2 phenanthraquinone derivatives with the auxochrome in the 
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3-position. But neither manganese dioxide and sulphuric agi 
nor persulphate and sulphuric acid gave any interesting product 
with 3-aminophenanthraquinone. The action of persulphate o 
phenanthraquinone itself was equally unsuccessful. 


(B) Attempts to Prepare Phenanthraquinone Vat Dyes. 
Further attempts to use the compounds already described 


* (loc. cit.), for example, 2-benzoylamino- and 2 : 7-dibenzoyldiamino 


phenanthraquinone, by modification of the dyeing vat led to n 
better results. Attempts were made to produce phenanthraquinone 
imides by condensing together (a) 2-aminophenanthraquinone 
(2 mols.) and dibromophenanthraquinone (1 mol.) (D.R.-P. 222206) 
(b) 4: 5-diaminophenanthraquinone (1 mol.) and the same dibromo 
compound (1 mol.), (c) 3-amino- and 3-bromo-phenanthraquinone 
(1 mol. of each). The substances were boiled together in nitro 
benzene or naphthalene solution with fused sodium acetate and with 
or without cuprous chloride, but the dark brown products wer 
insoluble in hyposulphite. The phenanthraquinone molecules were 
probably destroyed by the treatment. Skraup’s reaction applied 
to phenanthraquinone gave no definite product (compare the 
preparation of Indanthrene Dark Blue B.O.). 


(C) Preparation of Azine Derivatives of Phenanthrene. 


One of the best known reactions of phenanthraquinone is its 
condensation with o-diamines to form phenanthrazines. With 
(T., 1886, 49, 401) prepared a dyestuff (a new eurhodine, as he 
termed it) by the action of 1 : 2 : 4-triaminobenzene on phenanthm 
quinone, but its dyeing properties were not good, He also prepared 
a hydroxyphenanthranaphthazine (eurhodol) (Ber., 1886, 19, 2793), 
but its dyeing properties and those of its sulphonic acid were als 
unsatisfactory. According to D.R.-P. 90212 and 90213, yellov 
wool dyes of good fastness are obtained by condensing phenanthr- 
quinone with such compounds as 7 : 8-diamino-1-naphthol-3-sul; 
phonic acid or by condensing the quinone with 1 : 2-diamino- 
naphthalenedisulphonic acids and fusing the products with alkalis, 
the dyestuffs formed being phenanthranaphthazines with a hydroxy 
group in the peri-position to one of the azine nitrogen atoms. But 
these products do not appear to have been put on the market. Ih 
was thought that, if phenanthraphenazines could be prepared wit 
auxochromes in the phenanthrene nucleus, they would be deep 
coloured dyes, as they would be quinonoid in all possible tautomen® 
forms and would have long chains of conjugate linkings (see Wats 
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], 1914, 105, 759; Watson and Meek, T., 1915, 107, 1567), for 
gample, 2-aminophenanthraphenazine, 


NH, NH 


e"Y 
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2-Amino-, 3-amino-, 4-amino-, 2: 7-diamino-, and 4: 5-diamino- 
jenanthraphenazine have been prepared by condensing the corre- 
ponding amino-derivatives of phenanthraquinone with o-phenylene- 
jamine. But contrary to expectation, they are all yellow and dye 
lightshades on wool, Interesting but unexpected relations between 
slour and constitution were encountered on reducing 2 : 7-dinitro- 
phenanthraphenazine. There was obtained 2 : 7-diaminodihydro- 
phenanthraphenazine, which is a violet base forming a yellow 
iydrochloride and a yellow acetyl derivative. It dyes yellow shades 
m wool, but its dyeing properties are unsatisfactory. On diazotisa- 
tion and boiling with water, it gives 2 : 7-dihydroxydihydrophen- 
atthraphenazine, which is brown and only slightly soluble in 
alkalis. 


Phenanthrazine dyes were also prepared containing auxochromes 
m both sides of the molecule, for example, 2:7 : 11-triamino- 
phenanthraphenazine, by condensing 2: 7-diaminophenanthra- 
qunone and 1:2:4-triaminobenzene. The base is yellowish- 
brown, it forms magenta-coloured salts and dyes moderately fast 
yellow shades on wool. 2: 7-Diamino-15-hydroxyphenanthra- 


naphthazine-13-sulphonic acid, 


so SH" OH ~ 
sees 

(-) 
YNZ oe 


VW 
NH, 
was prepared from 2:7-diaminophenanthraquinone and 7: 8- 
diamino-1-naphthol-3-sulphonic acid. It dyes only yellow shades, 
but the dyeings are very fast to all agencies, The corresponding 
2: 7-dinitro-15- hydroxy phenanthranaphthazine- 13-sul phonic acid, pre- 
pared from 2 : 7-dinitrophenanthraquinone in the same way, dyes 
bright orange-yellow shades on wool. 
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The fact that diaminodihydrophenanthraphenazine has a deeper 
colour than diaminophenanthraphenazine directed attention to 
the flavinduline group of dyes, which may be regarded as phen. 
anthraphenazines with alkyl or aryl haloid added to one of the 
azine nitrogen atoms. Flavinduline itself is yellow, but dyes of all 
colours can be obtained by condensing phenanthraquinone with 
substituted o-diamines such as amidodiphenyl-m-phenylenediamine, 
4-methylamino-2 : 5-tolylenediamine, 4-methylamino-m-toluidine, 
etc. (D.R.-P. 79570). The great effect of additional auxochromes in 
the benzene nucleus on the depth of colour of dyes of this group 
made it appear worth while to study the effect of additional auxo. 
chromes on the phenanthrene side of the molecule. 2-Amino- and 
2 : 7-diamino-flavinduline, in which the amino-groups are in the 
phenanthrene part of the molecule, have been prepared (Ber., 1899, 
32, 2634). Diaminoflavinduline hydrobromide was described as 
forming blackish-green crystals and dissolving in water or alcohol 
with a yellowish-green colour, but its dyeing properties were not 
tested. The corresponding 2: 7-dinitro- and 2: 7-diamino-11 : 4 
dimethylflavindulines have now been prepared and their dyeing 
properties tested. They are comparatively unstable substances 
and the dyeing properties of the diamino-compound are not interest- 
ing. It gives dirty brownish-green shades. 


(D) Miscellaneous. 


On account of its deep colour, Mukherjee and Watson (loc. cit.) 
made some attempts to use 2 : 7-diaminophenanthraquinone as a 
dye. Schmidt had previously recorded (Ber., 1903, 36, 3749) that 
4 : 5-diaminophenanthraquinol hydrochloride dyes wool from an 
acid bath and on after-oxidation gives olive-brown shades which 
are relatively fast to alkalis and washing, but possess no interest 
for practical purposes because of their slight fastness to rubbing. 
It has now beea found that 2 : 7-diaminophenanthraquinol hydro- 
chloride dyes similar shades (probably in both cases due to the 
combination of the diamino-quinone with the fibre), that dark 
brown, almost black, dyeings are obtained with 2 per cent. dyestufl, 
and that the dyeings can be rendered fast to rubbing by washing 
with soap and warm water (gentle neutral milling). Similar but 
somewhat lighter dyeings can be obtained with the correspondin 
2-amino- and 4-amino-compounds. 

Azo-dyes can be prepared from a number of the phenanthrene 
derivatives already described. The following have been prepared: 
phenanthraquinone-2 : 7-bisazonaphthionic acid, phenanthraquinone 
2 : 7-bis-(2’)-azo-7’-amino-1'-hydroxynaphthalene-3'-sulphonic acid, 


the cai 
prismé 
in ace’ 
bright 
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nthraquinone-4 : 5-bis-(2’)-azo-7’-amino-1’-hydroxynaphthalene- 
¥.sulphonic acid, dihydrophenanthraphenazine-2 : 7-bisazonaphthionic 
acid, and 11-aminophenanthraphenazine-2 : 7-bis-(2’)-azo-7'-amino-1’- 
hydrorynaphthalene-3'-sulphonic acid. The 2 : 7-phenanthraquinone 
derivatives are good direct cotton dyes, but probably no better than 
the corresponding dyes from benzidine. The 4: 5-phenanthra- 
quinone derivatives have little affinity for cotton, but are good wool 
dyes. The other two dyes have no specially valuable properties. 
The preparation of dyes from phenanthraquinone and aromatic 
hydrazinesulphonic acids was described in D.R.-P. 40745 of 1887. 
The products were described as acid wool dyes fast to acids 
and alkalis. 2 : 7-Diaminophenanthraquinonediphenylhydrazone-pp’ 
disulphonic acid has now been prepared by the condensation of 
2:7-diaminophenanthraquinone and phenylhydrazine-p-sulphonic 
acid. It is an acid wool dye soluble in alkalis, but its dyeings are 
not particularly fast. 


EXPERIMENTAL, 
2-Aminophenanthraphenazine, NH,C,,H,<N>C,H,. 


2-Aminophenanthraquinone (3 grams) and o-phenylenediamine 
(15 grams) were mixed together with 20 c.c. of alcohol and heated 
on the water-bath under reflux for three hours. The yellow, crystal- 
line mass that separated was dissolved in hot pyridine and after 
the cautious addition of hot water was deposited on cooling as yellow, 
prismatic needles. It melts at 220—221° and is sparingly soluble 
in acetic acid and alcohol and insoluble in water. It dyes wool to 
bright yellow shades from a 5 per cent. acetic acid bath (Found : 
N=14-4. C.H,,N, requires N=14-2 per cent.). 


4-Aminophenanthraphenazine, NH, C4H,<N>O,H,. 


This substance was prepared from 4-aminophenanthraquinone in 
the same way as the preceding one was obtained from the 2-amino- 
quinone. It was obtained as dull yellow needles from pyridine, 
melted above 285°, and in its other properties resembled the pre- 
ceding compound (Found: N=13-9. C, H,,N, requires N=14-2 
per cent.). 


2: 7-Diaminophenanthraphenazine, (NH,),C,4H,<N>c,H,. 


2:7-Diaminophenanthraquinone (2-4 grams) and o-phenylenedi- 
amine (1-3 grams) were boiled with 50 c.c. of glacial acetic acid for two 
hours under reflux. The dark colour of the amino-quinone rapidly 
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disappeared and a precipitate of bright yellow needle-shaped 
crystals was obtained. An equal volume of water was added and 
the mixture cooled. The precipitate was crystallised from pyridine 
and water and obtained in brilliant yellow needles. 

The substance is slightly soluble in alcohol and ether, mor 
soluble in acetic acid, and very soluble in pyridine, aniline, and 
nitrobenzene. It dyes light yellow shades on wool (Found: N= 
18-2. OC, ,H,,N, requires N=18-1 per cent.). 

Treatment with hydrochloric acid and stannous chloride gives an 
immediate violet colour similar to that obtained by reducing the 
corresponding dinitrophenanthraphenazine with tin and _ hydro. 
chloric acid. 


4 : 5-Diaminophenanthraphenazine, (NH,).C 4H g<y >C,Hy was 


prepared in a similar way to the preceding compound and has 
similar properties. 


2 : 7-Diaminodihydrophenanthraphenazine, 


(N H,),CuHe<na > CoH. 


One part of 2: 7-dinitrophenanthraphenazine (Ber., 1903, 36, 
3738) was made into a paste with 15 parts of concentrated hydro. 
chloric acid, treated with 2 parts of tin, and warmed on the water 
bath for a few hours. The tin disappeared and brownish-purple, 
needle-shaped crystals were produced. These were filtered off, 
washed with concentrated hydrochloric acid, and dried on porous 
porcelain. They were then boiled with sodium acetate or sodium 
carbonate solution and the insoluble product was filtered off, dried, 
and extracted with pyridine. On dilution, the pyridine solution 
deposited the base in beautiful violet needles. The substance is 
soluble in pyridine, aniline, or nitrobenzene, but only sparingly 
soluble in alcohol or acetic acid. It does not melt below 280 
(Found : N=17-6, 17-9. C,,9H,,N, requires N=17-9 per cent.). 

2 : 7-Diaminodihydrophenanthraphenazine hydrochloride, 


(NH,),C,Hp<N > CoH, 4HCL, 


was prepared by warming the base with a little concentrated 
hydrochloric acid, when it was changed into a yellow solid, which 
was filtered off, washed with a little concentrated hydrochloric acid 
and dried on porous porcelain in a vacuum (Found: Cl=3l? 
CoH, gN,,4HCl requires Cl=31-0 per cent.). 

The hydrochloride dissolves in warm water or dilute hydrochlori 
acid. Sodium acetate or carbonate precipitates the base from thes 
solutions as a red precipitate which becomes violet on boiling. The 
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aqueous solution of the hydrochloride at first dyes wool yellow, but 
om warming the bath the free base is deposited in the bath and the 
dyeings are unsatisfactory. 

The tetra-acetyl derivative of 2 : 7-diaminodihydrophenanthraphen- 


wine, (NHAc),CyHy<NAc>CyHy or (NAcy)CyHy< Ng > CoH, 


was obtained as a yellow, crystalline substance by treating the base 
with acetic anhydride and a trace of pyridine. Clusters of needles 
were obtained by recrystallising from alcohol. It does not melt 
below 285° (Found: N=11-4. C,,H,,0,N, requires N=11-7 per 
cent.). 


2 : 7-Dihydroxydihydrophenanthraphenazine, 
(HO),C,Hy<RE>O,H,. 

The corresponding diamino-hydrochloride described above was 
dissolved in water and diazotised with 2 molecules of sodium 
nitrite, when a dark red solution was obtained. This was filtered 
and boiled, when the dihydroxy-compound was precipitated in 
dark brown flocks. It was obtained crystalline (as minute brownish- 
yellow needles which do not melt below 280°) from a mixture of 
equal parts of nitrobenzene and glacial acetic acid, and is also 
soluble in aniline. It becomes darker in colour on adding alkalis, 
but does not dissolve completely (Found: N=9-2. Cy 9H,,0.Ne 
requires N=8-9 per cent.). 


2:7:11-T'riaminophenanthraphenazine,(N H,),C,gH <p >CHyNHy. 


2:7-Diaminophenanthraquinone (1-2 grams) and 1:2; 4-tri- 
aminobenzene hydrochloride (1 gram) were boiled with 20 ¢.c. of 
water for half an hour under reflux. Forty c.c. of water were then 
added and the boiling was continued for another half hour. A dark 
violet solution was obtained, which was filtered and treated with 
excess of sodium acetate, the base being thereby precipitated as 
& brown, gelatinous mass. This was recrystallised from dilute 
pyridine and obtained as yellowish-brown, prismatic needles. It 
does not melt below 280° (Found: N=21-7. C,.H,,N; requires 
N=21-5 per cent.). 

The condensation can also be brought about in glacial acetic 
aid. The hydrochloride can be obtained by dissolving the base 
in a little hot, dilute hydrochloric acid, cooling the violet solution, 
and adding excess of concentrated hydrochloric acid, which gives a 
Violet precipitate of the hydrochloride. It dyes strong yellow shades 
92 wool (full shade with 1 per cent.). 
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2 : 7-Diamino-15-hydroxyphenanthranaphthazine-13-sulphonic Acid, 
(NH,),C4H<N>C,oH,(OH)-S0,H. 


This compound was prepared by boiling 2 : 7-diaminophenanthn. 
quinone and 7 : 8-diamino-1-naphthol-3-sulphonic acid in equimok. 
cular proportions with a little water under reflux. The dark amino. 
quinone quickly disappeared and a yellowish-brown solid was 
formed. This was filtered off, dissolved in dilute potassium hydr. 
oxide solution, filtered and reprecipitated by dilute acid as bright 
yellow flocks, which could not be crystallised. It dyes yellow 
shades on wool (Found: N=12-7, 12-8. C©,,H,,0,N,8 requires 
N=12-3 per cent.). 


4 : 5-Diamino-15-hydroxy phenanthrana phthazine-13-sul phonic Acid, 
(NH,),C14Hp<N> C1pH,(OH)-SO,H. 


This compound was prepared in a similar way from 4 : 5-diamino. 
phenanthraquinone and has similar properties to the preceding 
compound (Found: N=12-l. C,,H,,0,N,S requires N=123 
per cent.). 


2 : 7-Dinitro-15-hydroxyphenanthranaphthazine-13-sulphonic Acid, 
(NO,),C14H¢<N>C iH (OH)-S0,H. 


This acid was prepared in a similar way from 2 : 7-dinitrophen- 
anthraquinone and the same diaminonaphtholsulphonic acid. A 
fox-red colour was soon produced and the solids dissolved almost 
completely. The dyestuff was salted out. When isolated, it was 
found to be not very soluble in water. 


2 : 7-Dinitro-11 : 4’-dimethylflavinduline Chloride, 


2: 7-Dinitrophenanthraquinone (2-9 grams) was dissolved in 
250 c.c. of hot glacial acetic acid and cooled to 50°. A solution of 
2-2 grams of o-amino-di-p-tolylamine in 20 c.c. of glacial acetic acid 
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and 5 c.c. of concentrated hydrochloric acid was gradually added and 
caused the rapid precipitation of bright golden-yellow needles of the 
new substance. After two days the crystals were filtered off and 
dried in a@ vacuum desiccator. They are easily decomposed, for 
example, on: attempting to crystallise from acetic acid or to dry in 
the steam-oven (Found: Cl=7-3. C,,H,,0,N,Cl requires Cl=7-0 
per cent.). 


2:7-Diamino-11 : 4’-dimethylflavinduline Chloride, 
(N H,),CyyHy< > CeH,°CHsg. 
C,H, Cl 


2:7-Diaminophenanthraquinone (1 gram) was obtained in a 
finely divided condition by solution in pyridine and precipitation 
with water. It was filtered off, washed with water, pressed as far 
as possible free from water and mixed with o-amino-di-p-tolylamine 
(l gram), 10 c.c. of glacial acetic acid, and 2 c.c. of concentrated 
hydrochloric acid. The mixture was thoroughly triturated and 
allowed to stand for three days. A dark brown, amorphous powder 
was formed, which was filtered off after the addition of 10 c.c. of 
water, washed with a little water, and dried in a vacuum at the 
ordinary temperature. It is somewhat soluble in water and decom- 
poses in the steam-oven. 

This substance could also be obtained by the reduction of the 
preceding dinitro-compound, but owing to its instability the direct 
preparation from the diamino-quinone is preferable. It was not 
obtained crystalline (Found : Cl=8-2. C,,H,,N,Cl requires Cil=7-9 
per cent.). 


Phenanthraquinone-2 : 7-bis-(2’)-azo-7’-amino-1’-hydroxynaphtha- 
lene-3’-sulphonic Acid, C,4H,O,[N>*Cj9H,(NH,)(OH)-SO,H],. 


2:7-Diaminophenanthraquinone (1 gram) was diazotised in the 
usual way by suspending in cold dilute sulphuric acid (5 per cent.) 
and adding sodium nitrite (0-51 gram; 2 mols.). The quinone 
dissolved and, after thorough stirring, the solution was filtered 
and poured into a solution of 2:2 grams of 7-amino-1-naphthol-3- 
sulphonic acid (y-acid) (5 per cent. more than the theoretical 
quantity) in excess of dilute sodium hydroxide. Immediately the 
colour of the solution changed to deep violet. It was thoroughly 
stirred for two hours and then kept for two days, when it was 
filtered, exactly neutralised by dilute hydrochloric acid, evaporated 
to a small volume, and acidified with hydrochloric acid. The dye, 
which was precipitated in dark violet flocks, was filtered off, washed 
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with water (although with considerable loss) and alcoliol and dried 
in the steam-oven. It is a dark violet, amorphous powder, very 
readily soluble in water and sparingly soluble in alcohol or acetic 
acid (Found: N=11-9. C,H. 30, >N 48, requires N=11-4 per cent), 

The dyestuff in the form of sodium salt is a typical direct cotton 
dye, dyeing more violet (less blue) shades than Diamine Black R.0, 
It is not a good union dye, as it has more affinity for cotton than for 
wool when dyed from a neutral bath with 10 per cent. sodium 
chloride at 50°, 75°, or 100°. 


Phenanthraquinone-4 : 5-bis-(2’)-azo-7'-amino-\'-hydroxynaphtha. 
lene-3’-sulphonic Acid, C,,4H,O,[No°C,)9H,(NH,)(OH)-SO,H},. 


This compound was prepared in a similar way to the preceding 
dyestuff (Found: N=11-7. C,,H,.0,)N,S, requires N=11-4 per 
cent.). 

The dyestuff in the form of sodium salt does not give such strong 
dyeings on cotton as the corresponding 2 : 7-derivative and the vat 
is not exhausted. It dyes good reddish-violet shades on wool from 
an acid bath. 


Dihydrophenanthraphenazine-2 : 7-bis-(2’)-azonaphthionic Acid, 
Cap Hy 2No[No"CjoH;(NH2)-SO3H },. 


2 : 7-Diaminodihydrophenanthraphenazine was diazotised as 
already described in the preparation of the corresponding dihydroxy- 
compound. The diazo-solution was then added to a cold solution 
of sodium naphthionate (2 mols.) in sodium carbonate, when the 
dyestuff was at once precipitated in rhombohedral crystals. For 
analysis, the free acid was obtained by treating the dye with hydro- 
chloric acid. It is almost insoluble in water and organic solvents 
(Found: N=14-4. C, H,,0,N,S, requires N=14-4 per cent.). 

It is a direct cotton dye giving reddish-violet shades, but the 
fastness of the dyeings to acid and alkali is no better than that of 
benzopurpurin 4B. 


11-Aminophenanthraphenazine-2 : 7-bis-(2’)-azo-7’-amino-l’- 
hydroxynaphthalene-3’-sulphonic Acid, 
NH,°CypHgN,[N3°Cj9H4(NH,)(OH)-SO,H},. 


Triaminophenanthraphenazine (1 gram) was treated in the cold 
with excess of dilute hydrochloric acid and 3 molecules of sodium 
nitrite, the latter causing the disappearance of the violet colour 
of the hydrochloride and producing a yellowish-brown solution, 
which was filtered into a solution of 2-1 grams of y-acid in excess of 
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dilute sodium hydroxide. An immediate violet coloration was 
produced and some precipitate was deposited. After standing for 
two days, the mixture was heated at 60° for three hours and the 
precipitate was filtered off, washed, heated with hydrochloric acid, 
and again filtered off and washed. It was thus obtained as a violet, 
amorphous powder, ‘moderately soluble in water or alcohol, which 
kft no ash on ignition (Found: N=16-6, 15-3, 15-8, 15-1. 
(yH.,0,N,S, requires N=15-2 per cent.). 

Attempts to estimate sulphur were unsuccessful, as the dye was 
not completely decomposed by heating in a sealed tube with fuming 
uitric acid at 260° for eight hours, opening the tube, again closing, 
and heating for sixteen hours at 260°, but the nitrogen estimations 
indicate that only two of the amino-groups of triaminophenanthra- 
phenazine have diazotised and coupled. 

It is a direct cotton dye, but does not go so readily on to the fibre 
as phenanthraquinone-2 : 7-bis-(2’)-azo-7’-amino-1’-hydroxynaph- 
thalene-3’-sulphonic acid. It is not a good union dye. 


2; 7-Diaminophenanthraquinonediphenylhydrazone-pp’ -disul phonic 
Acid, C,,H,(NH,),[-N-NH-C,H,°SO,H]},. 


A mixture of 1-2 grams of 2 : 7-diaminophenanthraquinone and 
19grams of phenylhydrazine-p-sulphonic acid was boiled with 20 c.c. 
ofwater. The diamino-quinone quickly disappeared and the whole 
mass became brown and pasty and entirely soluble in dilute sodium 
carbonate solution. After cooling, the insoluble matter was filtered 
of, and dissolved in dilute sodium hydroxide solution. The solution 
vas filtered, carefully neutralised with sulphuric acid, and concen- 
trated. After cooling, it was acidified with sulphuric acid and gave 
a brown precipitate consisting of crystalline aggregates. This was 
filtered off, washed, and dried in a vacuum (Found: N=15-0. 
(H..0,N,S, requires N=14-5 per cent.). 

It is an acid dye giving good warm brown shades on wool, but 
the dyeings are not particularly fast. 


In conclusion, we wish to record our thanks to British Dyestuffs 
Corporation Limited, for permission to publish these results. 


Dacca CoLEGE, 
East BENGAL. (Received, May 2nd, 1921.] 
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CXXXVI.—Ezxperiments on the Synthesis of th 
Polyacetic Acids of Methane. Part II. Som 
Abnormal Condensations of Malonic and Cyan. 
acetic Esters with Halogenated Methanes. 


By CuristoPHER Ketk Incotp and WALTER JAMES Powetu. 


For the proper development of the general inquiry now being 
conducted in these laboratories into the conditions governing the 
formation from open-chain substances of carbon rings, and par. 
ticularly of systems of associated rings, it has become necessary to 
undertake the preparation of a number of open-chain substances 
which either have never previously been prepared or have been 
obtained only in extremely small quantities. Amongst these ar 
the higher polyacetic acids of methane, namely, methanetriacetic 
acid (I), the carboxytriacetic acid (II), the tetra-acetic acid (II), 
and the unsaturated triacetic acid (VI). 

The necessity of devising methods for the preparation of such 
simply constituted substances is doubtless due to the fact that 
their synthesis is beset with experimental difficulties. The principal 
circumstances contributing to this result have been discussed ins 
recent paper (this vol., p. 341) by one of us, in which it is pointed 
out that the unsaturated acids IV, V, and VI, which have in their 
compositions one molecule of acetic acid less than the polyacetie 
acids I, II, and III respectively, and which therefore might be 
expected to yield these acids by the cyanoacetic ester method, ar 
all substances of the “ mobile” glutaconic type; in fact, in theirs 
stable forms they are not unsaturated. Such substances conden 
with ethyl cyanoacetate, usually only with difficulty and in any 
case in an abnormal manner, giving rise to 1 : 3-additive products 
as the “ semi-aromatic ”’ mode of formulation (VII, VIII, and * 


CH, CO: sH CO,H-CZCH, CO? “H_ CO,H-CH, CH soo 
CONCH -C0,H \CH,-CO,H CH,'00,H 

(L.) (II.) (IIL.) 
CH, on 


<S ‘CO,H <CH, ‘CO,H ' 


(V.) (VI.) 


CH-CO,H CH-CO,H 


CO,H-CH,CH 
‘CH-CO;H 


(VIIL.) (IX.), 
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requires. The difficulty of effecting the required condensation 
yith the esters of the unsaturated acids IV, V, and VI, is therefore 
tp be ascribed to the difficulty of obtaining these substances in 
s sufficiently stable condition owing to their tendency to pass into 
the “normal ”’ isomerides VII, VIII, and IX. 

In order, therefore, to obtain the required condensation product 
it is necessary to adopt some special means of ensuring that the 
dutaconic derivative shall react in its labile (unsaturated) form. 
(ne method of bringing about this result is to generate the appro- 
priate labile glutaconic ester in the presence of ethyl sodiocyano- 
xetate and thus effect combination of the latter with the unsaturated 
eter in its “‘nascent”’ condition. This method has successfully 
een applied (loc. cit.) to the preparation of methanetriacetic acid 
and there seems every reason to suppose that the tetra-acetic acid 
(II) would be produced in a similar way if the unsaturated acid 
\Icould be obtained and employed in its nascent condition. 

A means of effecting this appeared to be provided in Zelinsky 
ad Doroschewsky’s allenetetracarboxylic ester (X), a substance 
vhich can easily be prepared in any desired quantity from carbon 
tetrachloride and malonic ester (Ber., 1894, 27, 3374). This ester 
thould react with ethyl cyanoacetate to form a derivative (XI) of 
the unsaturated acid VI, and, whatever changes of structure might 


weur during isolation, it must in the first place be produced in a 
form in which one of the two double bonds originally present in 
the allene derivative is preserved. If, therefore, the formation of 
this substance were to occur in the presence of ethyl sodiocyano- 
acetate, a further condensation with the nascent unsaturated ester 
should take place : 


(CO,Et),C:C2C(CO,Et), —> (COSEt),C-C< Caton ecg — 


(X.) (XL) 
CO,Et),CH CH(CO,Et 
COLRF UREN) C<CH(CNCG.Et 
(XII) 
The ultimate product (XII) should yield methanetetra-acetic acid 
on hydrolysis. 

There seemed every reason for anticipating that these reactions 
vould proceed with ease, for in the first place Zelinsky and Doros- 
thewsky had shown that allenetetracarboxylic ester is a substance 
having strong additive properties, and in the second place the 
termediate glutaconic derivative (XI) contains a number of 
‘substituents, a condition which always confers stability on the 
msaturated modification. We were therefore considerably sur- 
brsed to find in the product of the condensation no trace of the 
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esters XI or XII or of any product which might have been derived 
from them. Ultimately, the reason for the discrepancy was dis. 
covered in the fact that Zelinsky and Doroschewsky’s “ allenetetra. 
carboxylic ester”’ was not an allene derivative, and, moreover, was 
not even a substance having the same empirical composition. 

The initial product which Zelinsky and Doroschewsky obtained 
by the condensation of carbon tetrachloride and ethyl sodiomalonate 
was a yellow sodium compound, to which they gave the formula 
XIII. On treating this with dilute acids, the sodium was dis. 
placed by hydrogen, and there was produced an oily unsaturated 
ester (XIV), which on distillation eliminated alcohol and yielded 
the crystalline ester (X) : 


(CO,Et),C:CNa*C(OEt)(CO,Et), —> (CO,Et),C:CH*C(OEt)(CO,Et), —> (X) 
(XIIL.) (XIV.) 


On repeating the experiment under the exact conditions used 
by Zelinsky and Doroschewsky, we found no difficulty in confirming 
their results in every particular excepting as regards the compo- 
sitions and chemical characters of the substances isolated. Contrary 
to the conclusion of these investigators, however, the yellow sodium 
compound proved to be, not the ethoxy-derivative XIII, but the 
well-known substance first obtained by Conrad and Guthzeit by 
the condensation of chloroform with ethyl sodiomalonate (Ber, 
1882, 15, 284); this substance (XVI) on acidification gave the ester 
to which Zelinsky and Doroschewsky ascribed the formula XIV, 
but which in reality is ethyl dicarboxyglutaconate (XVII); this, 
on distillation, passed into the solid ester which they regarded as 
an allene derivative, but which actually was the well-known ethoxy- 
lactone, XVIII : 

CO,Et~ ;- CO,Et 
CO,Et> C-CHC<CGNa)-OEt > COzEt 
(XVI) (XVII.) 
CO,Et-C-CH-C-CO,Et 
CO-0-C-OEt 
(XVIIL.) 

All these substances yielded glutaconic acid on hydrolysis and 
were further identified by analysis and by direct comparison with 
authentic specimens. 

It must not be supposed that the production of these substances 
is due to the presence of chloroform as an impurity in the carbon 
tetrachloride used. Even that used in our earliest experiments 
was quite pure, distilling completely at an almost constant tet 
perature. Moreover, the sample contained no trace of hydroge! 


CO, Et 
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and gave correct figures on complete analysis. Further, it did not 
reduce Fehling’s solution, whilst carbon tetrachloride containing 
5 per cent. of chloroform readily attacked this reagent. Now, if 
the production of the yellow sodium compound is to be explained 
by assuming the presence of chloroform in the carbon tetrachloride, 
ij would be necessary to suppose that at least 30 per cent. of 
chloroform was contained in the sample with which these tests 
and analyses were carried out. That clearly is impossible. In 
order to settle the matter beyond question, the effect was tried of 
wing carbon tetrachloride which had been recovered from a 
previous condensation. If the production of the yellow sodium 
compound is due to the interaction of chloroform and ethyl 
odiomalonate, the recovered carbon tetrachloride should be 
almost free from the reactive impurity and should yield little or 
no yellow sodium compound on condensing again in the same way. 
Actually, the quantity of the sodium compound produced was 
udiminished. The same yield was obtained from carbon tetra- 
chloride which had been treated with hot 6-5N-methyl-alcoholic 
potassium hydroxide, and even from carbon tetrachloride which 
had been subjected to prolonged boiling with Fehling’s solution. 
There can be no question, therefore, but that the carbon tetra- 
chloride itself is responsible for the formation of the yellow sodium 
compound XVI, and that it supplies the central carbon atom of 
that substance. 

In order to obtain, if possible, some information as to the 
mechanism of this remarkable change, the interaction of carbon 
tetrachloride and ethyl sodiocyanoacetate was next investigated. 
If carbon tetrachloride condensed normally with this sodio-ester, 
the product should be dicyanoallenedicarboxylic ester (XIX); if, 
um the other hand, the carbon tetrachloride behaved as though it 
were chloroform, the product should be «y-dicyanoglutaconic ester 
(XX), an easily isolated crystalline substance, which has been well 
tharacterised by Ruhemann and Browning (T., 1898, 73, 282) as 
well as by subsequent workers. Actually, the product of the 


00,Et:(CN)C:C:C(CN)-CO, Et CO, Et(CN)CH-CH:C(CN)-CO,Et 
(XIX.) (XX.) 


tondensation was dicyanoglutaconic ester, proving that here again 
rbon tetrachloride had reacted as though it were chloroform. 

In the course of this reaction a large quantity of cyanoacetamide 
XXII) was invariably produced. This at first sight appears 
‘“traordinary, for in no stage of the reaction which results in the 
, tormation of dicyanoglutaconic ester can it be supposed that two 
GN or -GN; groups become attached to the same carbon atom, 
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The difficulty was, however, to a large extent removed when it 
was discovered that, along with the cyanoacetamide, there was 
present another crystalline by-product, namely, ethyl «-cyano. 
8-iminoglutarate (X XI), a substance originally prepared by Best 
and Thorpe (T., 1909, 95, 1518) by condensing ethyl cyanoacetate 
with its sodium derivative. Obviously, therefore, ethyl cyano. 
acetate must have been liberated during the condensation (probably 
by the action of the distinctly acidic dicyanoglutaconic ester), and 
must then have combined with some of the unchanged sodio. 
derivative, forming ethyl «-sodio-«-cyano-8-iminoglutarate, from 
which the free cyanoimino-ester would doubtless be liberated by a 
similar mechanism : 


CH,(CN)-CO,Et-+-CH(CN):C(ONa)-OEt —> 
CO,Et-CH,°C(°NH)-C(CN):C(ONa)-OEt —> 
CO,Et*CH,°C(:NH)-CH(CN)-CO,Et. 

(XXI.) 

The imino-derivative, in its aminoglutaconic modification, must 
then have undergone fission at the double bond, producing ethyl 
cyanomalonamate, which, in the presence of hot sodium ethoxide, 

would break down into cyanoacetamide and ethyl carbonate : 


CO, Et-CH+C(NH,)*CH(CN)-CO,Et —>CH(CN)(CO-NH,)-CO,Et > 
CH,(CN)-CO-NH,-+CO(OEt),. 
(XXII) 


In this reaction there must also have been formed a product 
derived from the residue CO,Et-CH: to the left of the dotted line. 
The nature of this product is unknown, but at least it is certain 
that it was not ethyl butyrate, the substance to be expected had 
the fission reaction been of the nature of an alcoholysis. Since, 
however, the production of dicyanoglutaconic ester requires the 
oxidation of some organic material in order to provide the necessary 
two atoms of hydrogen, we consider it probable that the CO,Et-CH: 
residue gave rise to an oxidation product such as glyoxylic ester 
or some polymeride of that substance, although no experimental 
evidence could be discovered to support this view. 

The source of the two hydrogen atoms necessary for the pro- 
duction of Conrad and Guthzeit’s sodium compound from carbon 
tetrachloride and malonic ester is even more obscure, but there i 
indirect evidence pointing to the oxidation of alcohol as the probable 
source. For, whilst carbon tetrachloride, by treatment with 
benzene and aluminium chloride, yields the normal product, i 
triphenylchloromethane (Gomberg, Ber., 1900, 33, 3144), on heat- 
ing with alcoholic potassium hydroxide gives rise to potassium 
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formate (Nef, Annalen, 1899, 308, 330) and with sodium ethoxide 
to orthoformic ester, substances the production of which undoubtedly 
involves the oxidation of alcohol. Deeply coloured resinous 
by-products are always obtained in these reactions. 

The apparent impossibility of obtaining a normal condensation 
product from carbon tetrachloride by the action of ethyl sodio- 
malonate or ethyl sodiocyanoacetate is of some significance in view 
of the fact that trichloroacetic ester yields no condensation product 
with either of these substances under the usual experimental 
conditions (Professor J. F. Thorpe, private communication); for 
it would seem to follow that no halogenated derivative of methane 
can react normally with such sodio-esters unless at least one 
hydrogen atom is attached to the carbon. If this is so, it is doubt- 
less no more than a phase of the general law that the production 
of a condition of unsaturation (which in these instances would 
involve bivalent carbon) is necessary to all organic reactions. 

In order to test the matter as completely as possible, the behaviour 
towards ethyl sodiocyanoacetate and ethyl sodiomalonate of two 
other halogenated methanes was examined. The substances 
chosen were carbon tetrabromide and chloropicrin and the results 
obtained were in complete harmony with the general hypothesis ; 
for in neither case could a trace of the normal condensxtion product 
be isolated. The main products were ethyl dicyanosuccinate or 
tthyl ethanetetracarboxylate according to the sodio-ester employed. 


EXPERIMENTAL. 


(A) Purification of Carbon Tetrachloride. 


The carbon tetrachloride employed in the following experiments 
vas prepared for use by four methods. 

(a) Distillation —The commercial material was found to boil 
'fiimost constantly at 77° and a middle fraction having a boiling 
‘Gwint which appeared to be absolutely constant was therefore 
tillected for use. Its purity was controlled by analysis (Found : 
(=76; Cl=91'8. Cale., C=7°8; Cl=92°2 per cent.), and by the 
bence of any reaction with Fehling’s solution at 60°. This 
‘Bearly proves that no considerable quantity of chloroform can be 
tesent, since the addition of 5 per cent. of chloroform to the carbon 
‘trachloride caused rapid reduction of the Fehling’s solution to 
xcur under the same experimental conditions. 

() Digestion with Fehling’s Solution—In order to remove any 
mace of chloroform present, the distilled carbon tetrachloride was 
gested with Fehling’s solution for several hours at 60—70°. The 
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flask was vigorously shaken from time to time, and, finally, th 
lower layer was removed, dried, and refractionated. 

(c) T'reatment with Alcoholic Potassium Hydroxide—tThe distilled 
carbon tetrachloride was treated with about 2 molecules of potassiun 
hydroxide in 6°5N-methyl-alcoholic solution. When the addition 
was complete, the mixture was heated on a steam-bath for thirty 
minutes and then kept at room temperature overnight. The 
unchanged carbon tetrachloride was then recovered by adding 
water and collecting in ether and was finally purified by fractional 
distillation. 

(d) Treatment with Ethyl Sodiomalonate.—Distilled carbon tetta- 
chloride was condensed with ethyl sodiomalonate in alcoholic 
solution under the conditions given below for the preparation of 
ethyl sodiodicarboxyglutaconate from carbon tetrachloride. The 
product was worked up in the usual way and, after the yellow 
sodium compound had been removed, the oily product was extracted 
with ether and divided into neutral and acid fractions by means of 
sodium carbonate. The unchanged carbon tetrachloride was then 
recovered from the neutral fraction by distillation. 


(B) Action of Sodium Ethoxide on Carbon Tetrachloride. 


Carbon tetrachloride was boiled for forty-eight hours with an 
absolute alcoholic solution containing four molecular proportions 
of sodium ethoxide. The product, although still having a faintly 
alkaline reaction, was concentrated by evaporation and _ poured 
into water. The oil was extracted with ether and the extract 
washed several times with water, dried, and evaporated. The 
residue, on distillation, yielded three main fractions: (a) a small 
fraction, b. p. 70—90°, (b) a large fraction, b. p. 135—150°, (¢) 4 
small fraction, b. p. 150—168°. Fraction (a) consisted essentially 
of unchanged carbon tetrachloride, fraction (b) of ethyl orthoformate, 
whilst fraction (c) may have contained ethyl orthocarbonate, 
although this substance was not isolated owing to the smallness of 
the quantity. 

Ethyl Orthoformate, CH(OC,H;)s. 


This ester was obtained (b. p. 143—145°) by distilling fraction (}) 
until the distillate was free from chlorine (Found: C=87'l; 
H=10°8. Cale., C=56°8; H=10°8 per cent.). 


(C) Condensation of Carbon Tetrachloride with Ethyl 
Sodiomalonate. 


This condensation was carried out by the method given by 
Zelinsky and Doroschewsky (loc. cit.) for the preparation of the 
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additive product of ethyl allenetetracarboxylate and sodium 
ethoxide. The dark red product was filtered and the filtrate 
concentrated by distillation until the alcohol had been almost 
entirely removed. Water and ice were then added and the crystal- 
line solid thus precipitated was collected. 


Ethyl Sodiodicarboxyglutaconate (X V1). 


The solid product was first purified by washing successively 
with water, cold alcohol, and ether, and was finally crystallised 
from alcohol. It was thus obtained as bright yellow needles and 
was identified as ethyl sodiodicarboxyglutaconate by analysis 
(Found: Na=6°4. Cale., Na=6°5 per cent. A number of 
estimations were made, but we were unable to obtain a figure 
approaching that recorded by Zelinsky and Doroschewsky for this 
substance), by direct comparison with a specimen prepared from 
chloroform and ethyl sodiomalonate, by conversion into the two 
derivatives mentioned below, and by hydrolysis to glutaconic acid. 


Ethyl Dicarboxyglutaconate (XVII). 


This ester was prepared by shaking the sodium compound with 
dilute hydrochloric acid and ether until the yellow colour had 
vanished and then drying and evaporating the ethereal solution 
(Found: C=54:2; H=6°7. Calc., C=54:55; H=6°7 per cent.). 
0n hydrolysis it yielded glutaconic acid. 


Ethyl 6-Ethoxy-2-pyrone-3 : 5-dicarboxylate (XVIII). 


The liquid ester, on distillation under diminished pressure, 
quickly eliminated ethyl alcohol and yielded the pyrone, which 
passed over at 200°/10 mm. and separated from dry ether in needles 
uelting at 94°. It was identified by analysis * (Found: C=54:7; 
H=5'8. Calc., C=54-9; H=5'6 per cent.), by direct comparison 
ad by a mixed melting point determination with an authentic 
pecimen, and, finally, by hydrolysis to glutaconic acid. 


(D) Condensation of Carbon Tetrachloride with Ethyl 
Sodiocyanoacetate. 


An alcoholic solution containing four molecules of ethyl sodio- 
‘yanoacetate and one of carbon tetrachloride was heated at 100° 


* The percentages calculated for ethyl allenetetracarboxylate (C=54°'9; 
4=6'1) approximate rather closely to those for the true formula, a circum- 


ance which probably contributed to Zelinsky and Doroschewsky’s mis- 
prehension. 
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for four hours. The mixture was then cooled and the solid materia) 
which had separated was collected with the aid of the pump. The 
filtrate was evaporated under reduced pressure, poured into water, 
and extracted with ether, the extracted material being separated 
by sodium carbonate in the usual manner into neutral and acid 
fractions. 


Ethyl «y-Dicyanoglutaconate (XX). 


On drying and evaporating the acid extract there was obtained 
a solid residue which, when crystallised from alcohol, melted at 
183—184°. It was identified as ethyl «y-dicyanoglutaconate by 
direct comparison and by a mixed melting point determination 
with a specimen prepared from ethyl cyanoacetate and chloroform 
(Found: C=53°9; H=6°4. Cale., C=55°9; H=5l per cent.*). 


Ethyl «-Cyano-B-iminoglutarate (X X1). 


The neutral extract, on evaporation, yielded a crystalline residue 
which separated from ethyl bromide in needles melting at 53° 
(compare Best and Thorpe, loc. cit.) (Found: C=52°8; H=6'45. 
Calc., C=53'1; H=6:2 per cent.). 


Cyanoacetamide (XXII). 


The solid on the filter was washed with hot alcohol and the 
residue obtained on evaporation of the washings crystallised from 
alcohol. The material thus obtained melted at 120° and was 
identified as cyanoacetamide by analysis (Found: C=42'; 
H=4°9. Cale., C=42°85; H=4'75 per cent.), and by direct 
comparison and a mixed melting-point determination with a 
known specimen. 


(E) Condensation of Carbon Tetrabromide with Ethyl 
Sodiomalonate and with Ethyl Sodiocyanoacetate. 


These condensations were conducted similarly to the condensations 
with carbon tetrachloride and the substances formed were isolated 
in the same way. ‘The principal product proved to be ethy! 
ethanetetracarboxylate or ethyl ««’-dicyanosuccinate, according to 
the sodio-ester employed. On hydrolysis with dilute sulphuric acid, 
succinic acid was obtained and in the case of the ethanetetra- 
carboxylic ester the material was also identified by direct com 


* The poor results obtained on combustion are undoubtedly due to the 
difficulty of obtaining anhydrous specimens (compare Ruhemann and Brow? 
ing, loc. cit., and Errera, Gazzetta, 1879, 27, [ii], 393). 
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ison and by a mixed melting-point determination with a known 
specimen (Found: C=52°9; H=7°0. Calc., C=52°3; H=6°9 per 
cent.). 


(F) Condensation of Chloropicrin with Ethyl Sodio- 
malonate and with Ethyl Sodiocyanoacetate. 


With the exception that owing to the large amount of heat 
which is developed it is necessary to add the chloropicrin to the 
sodio-esters very slowly, these condensations were carried out like 
the condensations with carbon tetrabromide and gave the same 
results. 


We desire to record our thanks to Professor J. F. Thorpe for his 
valuable suggestions and criticism and to the Chemical Society 
for a grant which has defrayed a large part of the cost of this 
investigation. 
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(XXX VII.—The Formation and Properties of Dithio- 
ketones (R.C:S:S) and Dithio-ethers (R,S:S). 
Part I. 


By Kuverst Gosat Narx. 


Tae experiments described in this paper afford clear evidence 
that the interaction of sulphur monochloride with compounds 
containing the methylene radicle depends on the nature of the 
groups attached to the two remaining valencies of the carbon atom. 
Thus, if these valencies carry neutral groups such as CO-NH,, for 
ample, in malonamide, CH,(CO-NH,),, no reaction oceurs. If, 
however, one of these carboxyamido-groups is replaced by the 
arbethoxy-group, as in ethyl malonamate, CH,(CO,Et)-CO-NH,, 
wif the neutral character of either or both of the carboxyamido- 
_—f ups is disturbed by the substitution of a phenyl, tolyl, 
_§" similar group at the nitrogen atom, as in the compounds 
(H,(CO-NH,)-CO-NHPh, CH,(CO-NH-C,9H,),, CH,(CO-NH-C,H,),, 
uteraction with sulphur monochloride readily occurs with the 
"Fmmation of dithioketones of the type S:S:C(CO-NH,)-CO-NHPh. 


Moreover, although no definite measurements have as yet been 
VOL. OXIx, UU 
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made, it is evident that the speed of the reaction depends op 
the electronegative character of the attached groups. Fo 
example, sulphur monochloride reacts more vigorously with malondi- 
phenylamide, CH,(CO-NHPh),, than with malonomonotolylamide, 
CH,(CO-NH,)-CO-NH-C,H,, and the reaction with ethyl malono. 
tolylamate, CH,(CO,Et)-CO-NH-C,H,, is still more vigorous than 
with either of the former compounds. In fact, reactions of the 


last-named type take place at the ordinary temperature with# | 
copious evolution of hydrogen chloride. - 
Wolff and Ott (Ber., 1903, 36, 3721) have studied the interaction tion 
of methyl and ethyl malonates with sulphur monochloride in the 
presence of anhydrous aluminium chloride and obtained different 
compounds with the two esters. Since it is well known that sulphur 
monochloride reacts in different ways under different conditions 
(Béeseken, Rec. trav. chim., 1905, 24, 209; Cohen and Skirrov, CI 
T., 1899, 75, 887; P., 1899, 15, 183; Claus and Krall, Ber., 187], with 
4,99; Edeleano, Bull. Soc. chim., 1891, [iii], 5, 173; Roorda Smit, ably 
Ber., 1875, 8, 1445), it was decided to study its reaction with (I) supp 
malonic and cyanoacetic esters and (2) their sodium compound, ;, 4 
It is remarkable that the products of these condensations ar, 08-d 
in the case of the malonic ester, ethyl ethylenetetracarboxylate, sulpt 
and in the case of the cyanoacetic ester, ethyl dicyanosuccinate, 
whilst for the sodium compounds they are ethyl ethanetetra- 
carboxylate in the case of the malonic ester, and ethyl dicyano- 
succinate in the case of the cyanoacetic ester. A separation ff 4. , 
sulphur occurs in every case : (com 
2(EtO,C),CHNa+S8,Cl, =(EtO,C),CH-CH(CO,Et),-+-2NaCl+28 
2(EtO,C),CH, + 28,Cl,=(Et0O,C),C°C(CO,Et),+4HCI+48 
and E 
CN - "1 
2Et0, S>CHX+8, Ch=R0 CCH CH<{o, eet 2XCl+2 _ 
where X=H or Na. mie 
It has been mentioned in Part I of this series (this vol., p. 382) on the 
that dithiomesoxanilide, when nitrated with fuming nitric acid to em) 
yields a tetranitro-derivative : Three 
S:S:C(CO-NHPh), —> S‘S:C(CO-NH-C,H,[ NO,],)o. Thorp 
The reaction has now been extended to other dithioketones, { 


example, to dithiomesoxo-«-naphthylamide, which in the first plac 
gives a tetranitro-derivative : 


S:S:C(CO-NH-C,,H,). —> S:S:C(CO-NH-C,9H,[NO,].)2- 


When, however, nitration is carried further, the dithio-groupilf 
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is broken down and a sulphoxide results, two more nitro-group 
entering the naphthalene nuclei at the same time : 


8'8:0(CO-NH-C,,,H,[NO,],). —> O:S:C(CO-NH-C,oH,[NO,]s)>. 
(L.) 


Dithiomesoxo-$-naphthylamide and o- and p-toluidides behave in 
the same way. 

An example of the nitration of a disulphide is furnished by 
methylmalono-p-toluidide disulphide, which, on very careful nitra- 
tion, yields a dodecanitrd-compound : 


S-CMe(CO-NH-C;H,), _, $*CMe(CO-NH-C,H,[NO,],), 
S-CMe(CO:NH-C,H,),  S*CMe(CO-NH-C,H,[NO,],). 
(II.) 


Clearly, therefore, it is possible to nitrate these compounds 
without destroying the dithio-grouping, which behaves as a remark- 
ably stable residue. This is obviously a powerful argument in 
support of the view previously suggested that the dithio-grouping 
in these compounds is structurally different from that present in 
96’-dichlorodiethyl disulphide and similar compounds and that 
sulphur monochloride is capable of reacting in two forms, 


Cl 


S-Cl — 
(1) dicey and (2) SS<cq Pp 


the first of which gives rise to very stable dithio-compounds 
(compare Part I of this series) containing the groups 

S S-C- 

L>oo< and bc. ‘ 

Experiments have been carried out with the object of testing the 
reactivity of sulphur monochloride towards compounds containing 
the group -CO-CH,°CO-, when the latter forms a part of a closed 
ting, and as a large amount of work is being done in this laboratory 
on the formation and stability of spiro-compounds, it was decided 
to employ typical spiro-compounds containing a cyclohexane ring. 
Three such compounds (III), (IV), and (V) (compare Norris and 
Thorpe, this vol., p. 1190) were selected : 


CH,-CH,._-CH,-CO CH,-CO 
OH,-CH,? C\cH,-co7 CH: = Mex0<¢q co > CH: 


2 
(III.) (iV.) 


CH, CH, 5 CH,'CO 
HeC<CHt-CH, C<CH;-co7 CH: 
V 
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The course pursued in these reactions affords a remarkable 
example of the difference in the behaviour of similarly constituted 
substances containing the —CO-CH,°CO- group towards sulphur 
monochloride. For, whilst in the compound (III) only one methyl. 
ene group, namely, that situated between the carbonyl groups, 
is attacked, with the formation of the dithioketone (V1), in the 
compound (IV) the reaction proceeds further and involves one of 
the remaining methylene groups of the dihydroresorcinol ring, 
the substance (VII) being formed, and in the case of the spiro. 
compound (V), it proceeds yet further, all three of the methylene 
groups being attacked. The product in this case is the com. 
pound (VIII). 


H,°CH, CH,°CO wcrc 
2 C:S5 (VI. 
HCH,” C<oH,-cO7 a7 


MesC<H" CO ACS, 8.0 OO CTE OMeg (VIL) 
S_S 
peomereensan Tera ; 
H,C< CH cH >C<cH.co> Ss S,C oH > 0< GE >a, 
|___S mete! 
. ‘ies 


In order to obtain further knowledge of the influence on the 
reaction of sulphur monochloride with methylene groups of neigh- 
bouring electronegative residues, experiments with substituted 
amides containing the group -CO-CH,*CO-CH,-CO- were made. The 
compounds employed were (1) the dianilide, (2) the di-o-toluidide, 
(3) the di-p-toluidide, of acetonedicarboxylic acid, and (4) ethy! 
y-phenylcarbamylacetoacetate. 

Of these compounds, only (1) and (4) have been described (Bes- 
thorn and Garben, Ber., 1900, 33, 3443), whereas (2) and (3) do not 
appear to have been prepared. When these four compounds were 
treated with sulphur monochloride in dry benzene, reaction took 
place readily, but it was most vigorous in the case of compound (4), 
the product containing four atoms of sulphur. In cases (1), (?), 
and (3), although more than two molecules of sulphur monochloride 
were taken for every molecule of the substituted amide to give 
ample opportunity for the substitution of dithio-groups for all the 
hydrogen atoms in the two reactive methylene groups, reaction 
did not proceed to this extent and the product contained only tw 
atoms of sulphur, one hydrogen atom of each methylene group 
having been substituted. 
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NHPh-CO-CH, NHPh-CO-C<} 
Z on Z 
co me co (IX.) 
* \ S 
EtO,C-CH, Et0,00<A 
NHPh-CO-CH, NHPh-CO-CH—S 
co * co | O(X) 
\ \ | 
NHPh:CO-CH, NHPh-CO-CH—S 


This is in accord with what follows from the hypothesis herein 
suggested, that the reactivity of the two hydrogen atoms of the 
methylene group is dependent on the total negativity of the two’ 
arbonyl groups with their attached radicles. ‘It will be seen in 
the case of the foregoing substituted amides that the negative 
elect of the central carbonyl group is divided between the two 
adjacent methylene groups, so that the total negative effect on 
each methylene group is smaller than that on a single methylene 
goup when linked as —CO-CH,°CO-, as in the case of the com- 
pounds described in Part I. Hence it is to be expected that the two 
nethylene groups in compounds (1), (2), and (3) will be less reactive 
than the methylene group in compounds such as malonanilide. 
However, as soon as the total negativity of the compound is increased 
by replacing one of the CO-NHR groups by a carbethoxy-group, 
the reactivity is correspondingly increased, and a dithio-compound 
is produced, analogous to those described above. 

The investigation of the exact conditions under which the 
stability of the dithio-group can be controlled will be the subject 
of future work. 


EXPERIMENTAL, 


Dithiomesoxo-p-toluidide. 


Malono-p-toluidide was prepared by the method of Whiteley 
T., 1903, 83, 24) with the modification introduced by Reissert 
and Moré (Ber., 1906, 39, 3300). The best temperature for the 
tondensation is, in this instance, 140°, rising to 160°. The amide 
(10 grams), sulphur monochloride (5 grams) and benzene (100 grams) 
were heated together for three hours, and the solid condensation 
product was then washed with dry benzene and purified by preci- 
pitation from its solution in acetone by means of water until it 
— at 215—216° (Found: S=18°26. C,,H,,0,N,S, requires 

=18°60 per cent.), 

The tetranitro-derivative was prepared by dissolving the thio- 
‘mpound in sufficient nitric acid (D 1°5) and warming. The 
litration product which separated on cooling was collected, washed 
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with concentrated nitric acid and with water, and dried, when it 
was obtained as white crystals which melted and decomposed at 
255° and assumed a yellow colour on keeping (Found: N=15'8]; 
S=11°82. C,,H,.0,,N,S, requires N=16°03; S=12-21 per cent,), 


Dithiomesoxo-o-toluidide. 


Malono-o-toluidide was prepared and condensed with sulphur 
monochloride similarly to the para-compound. The product 
obtained by evaporating the solvent (benzene) was crystallised 
from a mixture of benzene and light petroleum. It separated 
in fibrous needles melting at 189—190° (Found: S=18°89. 
C,7H,,0,N.S, requires S=18-60 per cent.). 

The tetranitro-derivative was prepared in the same way as the 
p-isomeride and obtained as a yellowish-white powder when the 
solution in nitric acid was allowed to cool slowly. It melted and 
decomposed at 165° (Found : N=16°15; S=12°32. C,,H,,0,N,8, 
requires N=16°03; S=1]2-21 per cent.). 


Dithiomesoxo-«-naphthylamide. 


Malonodi-«-naphthylamide (6-5 grams), prepared like the toluidide 
except that the final temperature was 170°, sulphur monochloride 
(2°5 grams) and benzene (50 c.c.) were heated together and the My 
product was purified by crystallisation from benzene. It formed pale fhe 
red needles which sintered at 160° and melted with decomposition 
at 210° (Found: S=15°70. C,,;H,,0,N,S, requires S=15°38 per 
cent.). 

Tetranitro-derivative-—The dithio-amide (5 grams) was treated 
gradually with 40 c.c. of nitric acid (D 1:5). After the first violence 
of the reaction had abated, the mixture was warmed to complete! 
it and then allowed to cool, when the tetranitro-compound separated 
as an orange-red powder. After being washed with concentrated 
nitric acid and with water, it melted at 190° with decomposition?) 
(Found : N=14°43; S=10°40. C,3H,,0, >N,S, requires N=1409;)% 
S=10°75 per cent.). ' 

Hexanitro-sulphoxide (Formula I).—This was recovered from the 
nitric acid washings by dilution with water as a yellow, crystalline 
substance which decomposed at 135° (Found : N=16°81; 8=4°57 
Cy3H90,;N,S requires N=16°71; S=4-77 per cent.). 


Dithiomesoxo-B-naphthylamide. 


Malonodi-f-naphthylamide was prepared similarly to the -com 
pound and condensed in the same way. The product was purifie 
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by repeated precipitation by water from its solution in acetone 
mntil it melted at 204° with decomposition (Found: S=15°56. 
(,H,,0,N,S8. requires S=15°38 per cent.). 

The tetranitro-derivative, when prepared and purified as in the 
ase of the «-naphthylamine derivative, was obtained as a pale 
yellow powder decomposing at 195° (Found: N=14:04; S=10°54. 
(H,.0joN Sq requires N=14:10; S=10°73 per cent.). 


Dithiomesoxomono-p-toluidide. 


Malonomono-p-toluidide, prepared by Whiteley’s method (loc. 
i, Compare also Backes, West, and Whiteley, this vol., p. 372), 
the temperature of the condensation with p-toluidine being 120— 
25°, was condensed (7 grams) with sulphur monochloride (5 grams) 
inbenzene (50 grams) in the usual manner. The product separated 
om alcohol, on addition of water, in short needles which melted 
oan oil clarifying at 150° and decomposing at 165° (Found : 
§=244'78. Cy9H, ONS, requires S=25:20 per cent.). 


Dithiomesoxomonophenylamide. 


Malonomonophenylamide, prepared like the toluidide, was con- 
insed with sulphur monochloride in a similar way. The product 
separated from acetone, in which it was sparingly soluble, in short 

les, melting and decomposing at 202° (Found: S=26°9. 

1,0,N,S, requires S=26°66 per cent.). 


Ethyl Dithiomesoxo-p-tolylamate. 


Ethyl malono-p-tolylamate, prepared by Whiteley’s method 
ibid, pp. 36, 40) at 120—125°, was condensed (8 grams) with 
iphur monochloride (5 grams) in benzene (50 c.c.) in the usual 
iy. The reaction began in the cold, with copious evolution of 
ydrogen chloride. The liquid was cooled and filtered and the 
‘@vent was allowed to evaporate. The semi-solid mass was re- 
isolved in benzene, and solidified when the solution was cooled 
ith ice. It sintered at 74° and melted at 90° (Found : S=22°44. 
1,,0,NS, requires S=22°61 per cent.). 


Ethyl Dithiomesoxo-o-tolylamate. 


This substance was prepared like the para-compound and was 
nied by repeated spontaneous evaporation of its solution in 
‘ene and finally in ether. It melted at 62° (Found : S=22°48, 
H,0,NS, requires S=22°61 per cent.). 
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Methylmatono-p-toluidide Disulphide (Formula IT). 


Methuylma!. 9-p-toluidide was prepared from ethyl methylmalonate 
(9 grams, »nd p-iwluidine (10 grams) in the same way as the lower 
homologue previcusly mentioned, except that in this case the 
temperature was 160° rising to 180°. It separated in a very pure 
condition and after crystallisation from acetic acid melted at 220° 
(Found: N=9°79. C,gH  0,N, requires N=9-46 per cent.). 

The above amide (8 grams) and sulphur monochloride (2 grams) 
were allowed to react in benzene (100 c.c.) in the usual manner. The 
solution was cooled and filtered and the solvent was allowed to 
evaporate. The residue was again dissolved in benzene and the 
product was crystallised from a mixture of benzene and light 
petroleum and then melted at 224—225° (Found: S=10'l9. 
C3gH,,0,N,8, requires S=9°78 per cent.). : 


The dodecanitro-derivative was obtained by the regulated acting] _ . 


of fuming nitric acid and precipitated by the addition of water. 
At no time should the liquid be allowed to boil. After being filtered 
and washed with nitric acid and with water, it was obtained asa 
pale yellow powder decomposing at 140° (Found: N=18‘50; 
S=5°61. Cy gH agO.gN,,5, requires N=18°76; S=5-36 per cent.). 


Methylmalono-o-toluidide Disulphide. 


Methylmalono-o-toluidide was prepared and purified like the 
para-compound. It melted at 161° (Found : N=9°52. C,,H,90,\, 
requires N=9°46 per cent.). 

The amide was condensed with sulphur monochloride as in the 
case of the para-compound; the product crystallised from alcohol 
in mealy crystals which melted at 174° (Found: S=10. 
C3,H,,0,N,8, requires S=9°78 per cent.). 


Methylmalonomono-o-toluidide Disulphide, 
S,[CMe(CO-NH,)-CO-NH-C,H,},. 


Methylmalonomono-o-toluidide was prepared from ethyl methyl 
malonate (22 grams) and o-toluidine (9 grams) in a similar manne 
as malonomono-p-toluidide and was crystallised from dilute alcohol. 
It separated in pearly scales melting at 117° (Found: N=140). 
C,,H,,0,N, requires N=13°60 per cent.). ' 

This amide (6 grams) was condensed with sulphur monochlorit " 
(2 grams) in the presence of benzene (100 c.c.) as in the previ 
cases. The product was crystallised from a mixture of benzelt 
and light petroleum, when it melted at 207—208° (Found : S=13% 


C..H.,0,N,8,"requires S=13°50 per cent.), 
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Methylmalonodimethylamide Disulphide, 8,[CMe(CO-NHMe),]9. 


Methylmalonodimethylamide (Franchimont, Rec. trav. chim., 1885, 
4, 204), when condensed (10 grams) with sulphur. monochloride 
(jgrams) in benzene (100 c.c.), yielded a crystalline product which 
nelted at 200° after being washed with benzene (Found : S=18°72. 
(gH g0,N,S. requires S=18-28 per cent.). 


Interaction of Ethyl Sodiocyanoacetate and Sulphur Monochloride. 


Ethyl sodiocyanoacetate, prepared from 25 grams of ethyl 
eyanoacetate, was refluxed for one hour with sulphur monochloride 
(ligrams) and dry benzene (100 c.c.). The dark solution on evapor- 
ition left an oil which, when distilled under reduced pressure, 
yielded a solid. After crystallisation from ether, this melted at 
\I7I—118°, contained no sulphur and was identified as ethyl dicyano- 
wecinate (Found : N=12°76. Calc., N=12-50 per cent.). 


Interaction of Ethyl Sodiomalonate and Sulphur Monochloride. 


Ethyl sodiomalonate, prepared from 50 grams of the ester, was 

tfluxed with sulphur. monochloride (0°5 mol.) in the manner 
described in the last experiment. The product, after crystallisa- 
tin from ether, was identified as ethyl ethanetetracarboxylate 
, found: C=52'46; H=6°57. Calc., C=52°83; H=6-91 per 
cent.), 


Interaction of Ethyl Cyanoacetate and Sulphur Monochloride. 


Ethyl cyanoacetate (20 grams) was heated on a water-bath 
“Brith sulphur monochloride (25 grams) and the product obtained 
m cooling was extracted from the sulphur produced by a large 
quantity of ether. The solid obtained after evaporation of the 
wlvent was crystallised from benzene. It melted at 117—118° 
id was identified as ethyl dicyanosuccinate. 


Interaction of Ethyl Malonate and Sulphur Monochloride. 


This condensation was conducted like the preceding, excepting 
that heating on a sand-bath was necessary to complete the reaction. 
‘te solid product was extracted with benzene and crystallised from 
ght petroleum until it melted at 57—58°. It was identified as 

Ay! ethylenetetracarboxylate. The same product was obtained 

ten benzene was used as solvent and the product (an oil) subjected 

‘distillation under reduced pressure. 

uuU* 
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Interaction of 1: 1-Dimethylcyclohexane-3 : 5-dione and Sulphur 
Monochloride. 3:5 : 3’: 5'-Tetraketo-4 : 4'-bisdithio-1 : 1: 1':1’. 
tetramethyldicyclohexyl 2 : 2'-Disulphide (Formula VII). 

The ketone (5 grams) and sulphur monochloride (10 grams) were 
allowed to react in boiling benzene (100 c.c.). The solution on 
cooling was filtered and the solvent was allowed to evaporate, 
The residue was again dissolved in benzene and after the solvent 
had evaporated, crystallised from a mixture of benzene and light 
petroleum, when it softened at 110° and melted with decomposition 
at 150°. The molecular weight, determined by the cryoscopic 
method in benzene solution, was 472°5 (Found : S=40°93. C,,H,,0,8, 
requires S=41°20 per cent.; M=466). 


Interaction of cycloHexanespirocyclohexane-3 : 5-dione and Sulphur 
Monochloride. 1: 1'-Dicyclohexanespiro-3 : 5 : 3’ : 5’-tetraketo- 
4 : 4’-bisdithiodicyclohexylene 2:2’: 6: 6'-Bisdisulphide (For- 
mula VIII). 


The ketone (2 grams), after being thoroughly dried in the steam- 
oven for fifteen minutes, was heated under reflux with sulphuw 
monochloride (3 grams) and dry benzene (100 c.c.). The product 
was isolated and purified in the same way as the preceding com- 
pound; it softened at 113° and melted and decomposed at 155°. 
The molecular weight, determined by the cryoscopic method in 
benzene solution, was 618 (Found : S=41°72. C,,H,,0,8, requires 
S=42°10 per cent.; M=608). 


Interaction of cycloPentanespirocyclohexane-3 : 5-dione and Sulphur 
Monochloride. cycloPentanespiro-3 : 5-diketo-4-dithiocyclohexane 
(Formula V1). 


The ketone (2 grams) was boiled for two hours with sulphur 
monochloride (3 grams) dissolved in benzene (50 c.c.). The pro- 
duct was isolated and purified as in the preceding cases ; it softened 
at 114° and melted at 135°. The molecular weight, determined by 
the cryoscopic method in benzene solution, was 219 (Found: 
S=28°45. Cy, 9H,,0,S8, requires S=28-07 per cent.; M=228). 


ay-Disulphidoacetonedicarboxydianilide (Formula X). 


The acetonedicarboxydianilide required for the purpose wa 
prepared by the method of Besthorn and Garben (loc. cit.) and 
purified by crystallisation from benzene. The more soluble ethyl 
y-phenylcarbamylacetoacetate was recovered as a by-product from 
the residues. 
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A mixture of the dianilide (4 grams), sulphur monochloride 
(4 grams), and dry benzene (100 c.c.) was heated under reflux for 
two hours. The solution became deep red and hydrogen chloride 
was immediately evolved. The liquid was allowed to cool and 
the golden-yellow, crystalline product collected and recrystallised 
fom benzene, when it melted at 220°. The molecular weight, 
determined by the cryoscopic method in benzene solution, was 343 
(Found: N=8'15; S=18°41. C,,H,,0,N,S, requires N=7‘82; 
§=17'87 per cent.; M358). 


Ethyl y-Phenylcarbamyl-ay-bisdisulphidoacetoacetate (Formula IX). 


Ethyl y-phenylearbamylacetoacetate (4 grams) and sulphur 
monochloride (5 grams) were heated under reflux with dry benzene 
(50 c.c.). The red solution was filtered and the solvent allowed 
to evaporate, the residue being repeatedly dissolved in benzene and 
precipitated by light petroleum until it was pure. When heated, 
it sintered at 115° and melted with decomposition at 156—157°. 
The molecular weight, determined by the cryoscopic method in 
benzene, was 393°5 (Found: S=34°69. C,,H,,O,NS, requires 
=34'31 per cent.; M=373°0). 


ay-Disulphidoacetonedicarboxydi-p-toluidide. 


Preparation of Acetonedicarboxydi-p-toluidide.—Acetonedicarb- 
oxylic ester (25 grams) and p-toluidine (17°5 grams) were heated 
together in a sealed tube at 120° for twenty-four hours. When 
the contents of the tube were poured into benzene (500 c.c.) the 
toluidide separated in beautiful crystals, which, after recrystallisation 
from benzene, melted at 169—170° (Found : N=8'25. C,H,» 0,N, 
requires N 8-64 per cent.). 

Amixture of the amide (6 grams), sulphur monochloride (5 grams), 
and dry benzene (100 c.c.) was heated under reflux for two hours, 
The product, being sparingly soluble ‘in benzene, separated from 
the hot solution in brilliant, golden-yellow flakes which melted on 
tecrystallisation at 216—217° (Found: S=16:14. C,,H,,03,N,S, 
requires S=16°58 per cent.). 


ay-Disulphidoacetonedicarboxydi-o-toluidide. 


Preparation of Acetonedicarboxydi-o-toluidide—This substance 
Was prepared in the same way as the corresponding p-tolyl deriv- 
ative, and on recrystallisation from benzene melted at 167° (Found : 
N=8'86, C,9H..0,N, requires N=8°64 per cent.). 

uu*2 
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The amide was heated with sulphur monochloride in the same 
way as the corresponding p-compound. The product was sparingly 
soluble in benzene, from which it separated in brilliant orange 
crystals melting at 225° with decomposition (Found : S=16°88, 
C,,H,,0,N,8, requires S=16°58 per cent.). 


In conclusion, I have very great pleasure in recording my thanks 
to Prof. J. F. Thorpe, Dr. M. A. Whiteley, and Mr. C. K. Ingold 
for their keen interest throughout this work, and to the Chemical 
Society for a grant which has partly defrayed the expense of this 
investigation. 


THE IMPERIAL COLLEGE OF SCIENCE AND TECHNOLOGY, 
SoutH KENSINGTON. [Received, June Ist, 1921.] 


CXXXVIII.—An Improved Gas Combustion Furnace 
for Use in Organic Analysis. 


By Tuomas Jounson HEDLEY. 


In view of, the extensive use of gas combustion furnaces in organic 
analysis, it is remarkable that little advance has been made in 
removing the following disadvantages possessed by the usual 
types, namely: non-portability, discomfort to the operator due 
to lack of protection from radiant heat, heavy gas consumption, 
unnecessarily slow heating and cooling, and high initial cost. 

These disadvantages are obviated in the furnace shown in the 
following line-drawing. 

A steel frame of light construction carries a number of trough 
tiles and covers in the channel formed by the two angle-iron stays 
which brace the top of the frame; the back and the base of the 
frame are covered with sheets of “ uralite,” and at the front 4 
hinged screen of the same material protects the operator and 
allows of the inspection of the flames. 

The multiple flame burner, which is of novel type, consists of a 
tube partitioned at the centre, each half being separately supplied 
with gas; individual flames are controlled by means of cone 
valves and may be turned down as low as desired or completely 
extinguished without any possibility of the whole burner “ striking 


back.” 
The endplates of the frame are slotted to receive the burnel 
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which rests upon a spring arm at each end, and its proximity to 
the underside of the furnace tiles is adjusted by elevating or depress- 
ing the arms. 


fA 4 
s euanrhirs waitin wnadinien VBL 
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Explanatory. 


A, gas inlet ; C, spring arms (for adjusting height of burners) ; H, hinged 
wren; K, K, K, fixed screens; L, lifting slots; M, main gas regulators ; 
R, cone valves ; S, hot-tile shelf ; T, burner tubes. 


Owing to the small bulk of the tiles, the temperature at any 
point of the furnace responds rapidly to alterations in the size 
of the flames, and the non-effective absorption of heat, and therefore 
the consumption of gas, is reduced to a minimum. 

The complete furnace weighs less than thirty pounds and the 
cost of construction is less than half that of any existing type of 
gas combustion furnace. 

DEPARTMENT OF CHEMISTRY, 

Tae UNIVERsIry, 
EpDGBASTON, BIRMINGHAM. [Received, June 2nd, 1921.] 
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CXXXIX.—The Action of the Grignard Reagent on Wy 
certain Tervalent Organo-iodo-compounds. corr 
By Harry HEPwoRTH. on 
LacHMANN (Ber., 1897, 30, 887) studied the action of zine ethyl Jj (orn 
on iodobenzene dichloride, doubtless in the hope of isolating a § dich! 
mixed aliphatic aromatic iodonium compound. The reaction was Th 
very vigorous, but no iodonium compound was produced. poun 
Willgerodt (Ber., 1897, 30, 56; 1898, 31, 915) investigated the §§ ethy! 
action of mercury phenyl and mercuric phenyl chloride on iodo- J magr 
chlorides, both in the presence and the absence of water. Three § jiodon 
compounds were formed, diphenyliodonium chloride, mercuric 
phenyl! chloride and a double compound of diphenyliodonium 
chloride with mercuric chloride. Mercury ethyl was substituted | 
for mercury diphenyl in the hope of obtaining a phenylethyl- m4 
iodonium chloride, but this aspiration was not realised, the products = 
of reaction being ethyl chloride, iodobenzene, and either mercuric rs 
ethyl chloride or mercuric chloride. 
In the experiments described in this paper the action of mag- ah 
nesium, magnesium ethyl bromide, and magnesium phenyl bromide " 
on iodobenzene dichloride, iodosobenzene, iodoxybenzene, and the “y 
corresponding toluene compounds is described. In the first ind : 
instance, the action of magnesium powder on iodobenzene dichloride “a 
and p-iodotoluene dichloride was investigated. The addition of a iodo - 
crystal of iodine to the ethereal suspension of the dichloride, and ij h | 
a little magnesium powder catalyses the reaction, which proceeds * om 
vigorously, the products being magnesium chloride, benzene or that th 
toluene, iodobenzene or p-iodotoluene, and a little diphenyl. The ie 
reaction is best represented as follows : > vi 
PhICl, + 2Mg = MgPhI + MgCl, are ioni: 
PhICl, + Mg = PhI + MgCl,, (RI)... 
both reactions taking place concurrently. formula 
Iodobenzene and diphenyl are the principal products of the 
reaction between magnesium phenyl bromide and iodobenzent de 
dichloride, whilst diphenyliodonium chloride is formed in small g°™"0” 0) 
quantities. The principal reaction is represented by the equation: ” 
obe 


PhICl, + 2MgPhBr = MgCl, + MgBr, + Ph:Ph + PhI ™ 

PhICl, + 3MgPhBr = MgCl, + MgBr, + MgIBr + 2Ph:Ph, hen sce 
and to a smaller extent : i 
PhICl, + MgPhBr = Ph,ICl + MgCIBr. 
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Similar compounds were obtained by the action of magnesium 
phenyl bromide on p-iodotoluene dichloride. 

Magnesium alkyl haloids and iodobenzene dichloride gave the 
corresponding paraffin hydrocarbons and alkyl derivatives of 
benzene. No iodonium bases were formed in these reactions. 

PhICl, + 3MgRX = PhR + R, + 2MgXCi + MgXTI. 
(orresponding* compounds were obtained from p-iodotoluene 
dichloride. 

The reaction between Grignard compounds and iodoso-com- 
pounds in suspension in ether and toluene is very slow. Magnesium 
ethyl bromide and iodosobenzene gave iodobenzene only, whilst 
magnesium phenyl bromide gave iodobenzene and a little diphenyl- 
iodonium hydroxide. The normal reaction, 


PhIO + MgRX = PhI<?ME* 
oly takes place even partly in the case of magnesium pheny] 
bromide. Magnesium alkyl haloids reduce iodoso-compounds to 
iodo-compounds. 

In contrast with the iodoso-compounds, the iodoxy-compounds 
ract readily with organo-magnesium compounds, but in all cases 
the latter act as reducing agents, the original iodo-compounds 
being regenerated and no iodonium bases being formed. 

It will thus be seen that whilst small quantities of dipheny]- 
iodonium and phenyl-p-tolyliodonium bases may be obtained by 
the action of magnesium phenyl bromide on the corresponding 
iodo-dichlorides and iodoso-compounds, no indications of mixed 
iliphatic aromatic iodonium bases have been obtained by the 
ation of magnesium alkyl haloids on the same compounds, and 
that these organo-metallic compounds simply function as reducing 
agents to iodoso- and iodoxy-compounds. 

In view of the fact that the chlorine atoms in iodo-dichlorides 
are ionisable and readily removed, it is suggested that the formula 
pp represents their behaviour better than the older 
ormula. 


EXPERIMENTAL. 


Action of Magnesium Powder on Iodobenzene Dichloride and p-Iodo- 
toluene Dichloride. 


lodobenzene dichloride was prepared by leading a current of 
ity chlorine into an ice-cold solution of iodobenzene in dry chloro- 
form according to the method of Willgerodt (J. pr. Chem., 1886, 
ti), 33, 154), whilst p-iodotoluene dichloride was prepared in a 
‘milar manner from p-iodotoluene. Willgerodt (Ber., 1893, 26, 
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357) states that p-iodotoluene dichloride deposited from a chlon. 
form solution melts at 85°, but the compound obtained by the 
author melted at 104—105°. This is in close agreement with the 
melting point obtained by Ortoleva (Gior. Soc. Sci. Nat. Econ., 190, 
23), who found that p-iodotoluene dichloride melted at 105—10¢° 
independent of the solvent from which it was crystallised. 

A preliminary experiment showed that iodobenzene dichloride 
and p-iodotoluene dichloride only underwent very slight decon- 
position when heated in ethereal suspension for several hours. 

On adding a trace of magnesium powder to an ethereal suspension 
of 5 grams of p-iodotoluene dichloride in 30 c.c. of dry ether, and 
heating on a water-bath, no evident reaction took place. The 
mixture was allowed to cool and a minute crystal of iodine added, 
when reaction proceeded in the cold and the ether ultimately boiled. 
Magnesium powder (1°25 grams) was added in small quantities 
from time to time and the mixture was stirred continuously. 
After about two hours, when about half the magnesium had been 
added, the reaction became very feeble, and the mixture was 
warmed on a water-bath. The rest of the magnesium was added 
during the course of an hour and the heating continued; at the 
end of five hours, a little unchanged magnesium was still present. 
The mixture was allowed to settle, the clear superincumbent ethereal 
solution filtered through dry asbestos, and the residue washed four 
times with 20 c.c. of dry ether. On adding water to the residue, 
there was a slight momentary reaction, thus showing that a little 
magnesium p-tolyl iodide was still present. The aqueous solution 
was filtered and found to contain 13 grams of magnesium chloride. 

The ethereal solution was decomposed with water, when 4 
vigorous reaction ensued. The ethereal layer was separated and 
the aqueous portion extracted twice with ether. After drying and 
distillation of the ether, 1:1 grams of toluene (b. p. 109—110’) 
and 1:2 grams of p-iodotoluene (m. p. 35°; b. p. 210—212°) were 
obtained by fractionation. The p-iodotoluene was separated from 
traces of pp’-ditolyl by crystallisation from alcohol. 

In a similar experiment with 5°5 grams of iodobenzene dichloride 
and 13 grams of magnesium powder, 1-2 grams of magnesium 
chloride, 1-1 grams of iodobenzene (b. p. 187—189°), and traces of 
benzene and diphenyl were obtained. 


Action of Magnesium Ethyl Bromide and Magnesium Phenyl Bromide 
on Iodobenzene Dichloride and p-Iodotoluene Dichloride. 


A preliminary experiment showed that magnesium methyl iodide 
reacted vigorously with iodobenzene dichloride with the evolution 
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ofa gas. In an experiment in which excess of magnesium methyl 
iodide in anisole solution was added to 0°1 gram of iodobenzene 
dichloride in 10 c.c. of anisole, 7 c.c. of ethane were collected over 
dry mercury. 

Iodobenzene dichloride (5°5 grams) was added, a little at a time, 
toa solution of magnesium ethyl bromide prepared from 0°8 gram 
of magnesium, 3°4 grams of ethyl bromide, and 50 c.c. of dry ether. 
4 vigorous reaction ensued, the mixture became homogeneous 
and the ether boiled, but after the addition of about 3 grams of the 
iodo-chloride very little further reaction took place. After an 
hour much magnesium chlorffle had separated. The mixture was 
kept overnight and then cautiously decomposed with ice-cold 
water. After extraction, removal of the ether, and repeated frac- 
tionation, 0°9 gram of ethylbenzene (b. p. 134—136°) and 1:2 grams 
of iodobenzene (b. p. 187—189°) were obtained. The identity of 
the product, b. p. 134—136°, with ethylbenzene was further estab- 
lished by its oxidation with permanganate to benzoic acid. No 
iodonium base was found in the aqueous solution after decomposition 
of the product with water, and it is evident that insufficient mag- 
nesium ethyl bromide had been employed to react with the whole 
of the iodobenzene dichloride. 

In a second experiment in which 2°5 mols. of magnesium ren 
bromide were employed, the sole products of reaction were ethyl- 
benzene and a little iodobenzene. 

Experiments were carried out in which magnesium and ethyl 
bromide were added from time to time to a well-stirred emulsion 
of iodobenzene dichloride and ether cooled in ice, but again no 
iodonium base was formed, the principal product being ethyl- 
benzene. With 3°5 mols. of magnesium ethyl bromide, ethyl- 
benzene was almost the sole product of reaction. 

In similar experiments with p-iodotoluene dichloride and mag- 
nesium ethyl bromide, p-ethyltoluene and p-iodotoluene were 
the principal products, whilst a gas, probably butane, was given 
off. The aqueous solution obtained on decomposing the pre- 
liminary products with water contained no organic matter. 

With magnesium phenyl bromide and iodobenzene dichloride, 
diphenyl (m. p. 70°5°; b. p. 254°) and iodobenzene (b. p. 188°) 
were formed, whilst the filtered aqueous solution obtained after 
decomposing the product of reaction with water gave only a little 
diphenyliodonium iodide on the addition of an aqueous solution of 
potassium iodide. 

Similar results were obtained with magnesium phenyl bromide 
and p-iodotoluene dichloride. A small quantity of phenyl-p-tolyl- 
iodonium iodide was obtained on treating the aqueous solution, 
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obtained on decomposing the product with water, with an aqueous 
solution of potassium iodide. 


Action of Magnesium Ethyl Bromide and Magnesium Phenyl Bromide 
on LIodosobenzene and p-Iodosotoluene. 


Iodosobenzene and p-iodosotoluene were obtained by the action 
of an aqueous solution of sodium hydroxide on the corresponding 
iodo-dichlorides, as described by Willgerodt (Ber., 1892, 25, 3494). 

Four and a half grams of iodosobenzene were added to an ethereal 
solution of magnesium ethyl bromide prepared from 0°8 gram 
(1°5 mols.) of magnesium, 3°6 grams of ethyl bromide, and 30 c.. 
of dry ether. There was no evident reaction in the cold and the 
iodosobenzene did not go into solution. After heating on the 
water-bath for three hours, the bulk of the iodosobenzene stil] 
remained undissolved. The greater part of the ether was evapor- 
ated and 50 c.c. of toluene, which had been dried over sodium and 
distilled over phosphoric oxide, were added. The flask was now 
heated on a sand-bath for two days, when rather less than half of 
the iodosobenzene* reacted. On decomposing the mixture with 
water, a vigorous reaction ensued. The contents of the flask were 
extracted four times with ether, and after removal of the ether 
about 1 gram of iodobenzene (b. p. 186—189°) was obtained. The 
aqueous portion containing iodosobenzene and magnesium hydroxide 
in suspension was filtered, but the clear filtrate contained no 
iodonium base. The residue contained no organic matter other 
than iodosobenzene. 

In a similar experiment in which 4:5 grams of iodosobenzene, 
0°8 gram (1°5 mols.) of magnesium and 5 grams of bromobenzene 
were used, 1°5 grams of iodobenzene and 3 grams of diphenyl 
were obtained, whilst a little diphenyliodonium iodide was obtained 
by treating the aqueous solution obtained on decomposing the 
reaction product with water, with an aqueous solution of potassium 
iodide. 

Similar results were obtained on treating p-iodosotoluene with 
magnesium ethyl bromide. With magnesium phenyl bromide, a 
small quantity of phenyl-p-tolyliodonium iodide was obtained. 


Action of Magnesium Ethyl Bromide and Magnesium Phenyl 
Bromide on Iodoxybenzene and p-Iodoxytoluene. 


Iodoxybenzene and p-iodoxytoluene were prepared from the 
corresponding iodoso-compounds by distillation in steam in the 
usual manner. 
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p-lodoxytoluene (2°25 grams) was added a little at a time to a 
lution of magnesium ethyl bromide prepared from 1°5 grams 
3 mols.) of magnesium, 6°5 grams of ethyl bromide, and 30 c.c of 
iry ether, the whole being kept at room temperature. A vigorous 
action ensued, and on warming on the water-bath for half an 
hour almost the whole of the iodoxybenzene went into solution. 
The flask was kept overnight at room temperature, when an oil 
yas observed at the bottom of the flask. The product was decom- 
posed by ice-cold water and extracted three times with ether. 
After drying and removing the ether, 1°8 grams of iodobenzene 
(b. p. 186—188°) were obtained. The aqueous solution contained 
no iodonium base and the residue insoluble in water contained no 
organic matter. 

Magnesium phenyl bromide reacted with iodoxybenzene much 
ss readily, and after warming for eight hours on the water-bath, 
alittle unchanged iodoxybenzene still remained. The sole products 
of reaction were diphenyl and iodobenzene and no iodonium base 
yas present in the aqueous solution. 

Similar results were obtained by the action of magnesium ethyl 
bromide and of magnesium phenyl bromide on p-iodoxytoluene. 


The author is indebted to the Research Committee of Messrs. 
Nobel’s Explosives Co., and particularly to Mr. Rintoul, for the 
facilities accorded him in carrying out this investigation. 


Tat ResEaRCcH LABORATORIES, 
STEvENSTON, N.B. [Received, May 13th, 1921.] 


(XL.—Accelerated Formation of Magnesium Alkyl 
and Aryl Haloids. 


By Harry Hepwortu. 


lx carrying out syntheses with the aid of the Grignard reagent it 
is customary to employ ethyl ether as the solvent medium in 
vhich the required magnesium alkyl or aryl haloid is prepared, 
and for a considerable period the ethers were the only class of 
tompounds which were known to catalyse the formation of mag- 
usium alkyl haloids from their components. From the initial 
inalysis by Blaise (Compt. rend., 1901, 132, 839) it was concluded 
that these etherates were best represented by the formula 
RMgX,Et,0. In view of the fact that Grignard showed in his 
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dissertation (L’Univ. de Lyon, 1901) that the whole of the ethe 
could not be removed from the compound MgMelI,Et,O by heating 
for several days in a vacuum, Baeyer and Villiger (Ber., 1902, 35, 
1201) regarded this compound as a true oxonium compound, 


nt cael This structure admits of isomerism, and Tschelinzef 


(Compt. rend., 1907, 144, 88) claimed to have obtained evideng 
of such isomerism, Grignard, however, has claimed (Bull. Sw, 


chim., 1907, [iv], 1, 256) that his formula E°>0<Ml (comp, 


rend., 1903, 136, 1260), also admits of the existence of isomerides, 
since the two additional valencies of the oxygen atom have not 
the same value as the original two. 

In 1904, Tschelinzeff (Ber., 1904, 37, 4534) came to the con. 
clusion that the ether plays the part of a catalyst, forming an 
additive compound with the alkyl haloid, which subsequently 
reacts with magnesium to form magnesium alkyl haloid with 
regeneration of the original ether, and further, that the ether may 
be replaced by tertiary amines. Somewhat later (Ber., 1908, 41, 
646), he claimed to have isolated “aminates”’ of the general 
formula R,N,MgRX and “amine etherates” of the type 
R,N,MgRX,Et,0. The use of tertiary amines instead of ether 
has not met with much success in the author’s experience. Several 
investigators have, however, shown that tertiary bases react with 
magnesium alkyl haloids in the presence of ether to form double 
compounds containing the base, magnesium alkyl haloid and 
sometimes ether also (Sache, Ber., 1904, 37, 3088; Oddo, Aiti 2. 
Accad. Lincei, 1904, [v], 13, 106; Houben, Ber., 1905, 38, 3017; § 
Senier, P., 1905, 21, 327; T., 1905, 87, 1469). 

In the course of their investigation on oxonium compounds, 
Pickard and Kenyon (T., 1906, 89, 262) found that tribenzy!- 
phosphine oxide may replace ether in the formation of magnesium 
alkyl haloids, and succeeded in obtaining a compound, 

2(C,H,),P0,CH,-MglI, 
in the crystalline condition. It may also be pointed out that 
these authors prefer to write the formule of the Grignard reagents 
as Et,0 . . . MgRX in accordance with Werner’s views of valency 
(Annalen, 1902, 322, 296). 

It has now been found that the alkyl sulphides accelerate the 
formation of magnesium methyl iodide, but not to such an extent 
as ether. Double compounds containing alkyl sulphide and mag- 
nesium methyl iodide are formed, but these have not been obtained 
in the crystalline condition. Similar results have been obtained 
with iodobenzene, but the reaction is very much slower than with 


vesium 


; that 
agents 
alency 
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methy! iodide. In a similar way, it was found that diethyl selenide 
and dimethyl telluride accelerated the formation of magnesium 
methyl iodide to about the same extent as diethyl sulphide, but 
that all these compounds are less effective than ethyl ether. 

If the accelerating action of ether is to be explained on the 
gounds that the oxygen atom has a tendency to become quadri- 
valent, and that the accelerating influence is to be measured by 
the relative stability of these oxonium compounds, then it would 
be expected that the dialkyl sulphides, selenides, and tellurides 


‘would catalyse the reaction in ascending order of magnitude. 


The results obtained show that the capability to form compounds 
of higher valency, whilst it may be the initial cause of the catalysing 
action, has very little effect on the speed of the reaction, and that 
ether is unique among these compounds as regards its marked 
catalytic action. 

Experiments were now carried out in a similar manner in order 
to ascertain if the simple sulphoxides exerted a catalytic influence 
on the formation of magnesium methyl iodide. For this purpose, 
diphenyl sulphoxide and ditsoamyl sulphoxide were prepared, and 
it was found that both these compounds were catalysts and that 
the double compounds formed were moderately soluble in hot 
bemzene, but, on cooling, were deposited in an amorphous con- 
dition. From an estimation of the magnesium and the iodine 
content of these compounds, they would appear to conform with 
the general formula 2R,SO,MgMelI, but as the compounds were 
not obtained in the crystalline form, the results are not convincing. 
It is, however, evident that the sulphoxides are in this respect 
comparable with the phosphine oxides (Pickard and Kenyon, loc. 
ci.). The catalysing action of the sulphoxides is rather more 
pronounced than that of the sulphides, and it is suggested that 
this is due to the presence of an oxygen atom in the former 
compounds. 

Similar experiments carried out with dimethylsulphone and 
liphenylsulphone showed that these compounds exerted no cata- 
iysing action on the formation of magnesium methyl iodide. Pickard 
and Kenyon (T., 1907, 91, 896) have shown that whilst diphenyl 
lphoxide readily forms additive compounds, diphenylsulphone 

O 


does not do so, and have suggested the formula RSS <|, or less 
O 


;, O 
ikely BSC: (where the dots represent subsidiary valencies) for 


ite sulphones. Since the sulphones are stable, neutral compounds, 
Xvhich both oxygen atoms are firmly attached to sulphur, the 
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author prefers the latter formula rather than the former, which 
portrays the sulphones as peroxides. The inability of the sulphone 
to catalyse the formation of magnesium methyl iodide may be due 
to the influence of the additional oxygen atom, whereby the greater 
part of the residual affinity of each oxygen atom is mutually 
compensated. 

It was now decided to prepare a series of heterocyclic sulphw 
compounds in order to ascertain whether such substances exerted 
any catalysing influence, and whether any relationship existed 
between the structure of these compounds, containing “ unsatv. 
rated ” sulphur atoms, to which a large amount of residual affinity 
is attributed, and the property of catalysing the formation d 
magnesium methyl iodide. For this purpose the following sub. 
stances were prepared and examined : 

de yay H,°CH,°CH, CH,"S-CH, H,-0-CH, 

H,-S— CH H,—S—-CH, CH,S:CH, CH,;S-CH, 

Ethyl n-propyl Pentamethylene 1; 4-Dithian. 1 ; 4-Thioxan. 

sulphide. sulphide. 


For comparative purposes, the following compounds containing 
oxygen in place of sulphur were prepared and examined : 


‘H,-CH, CH = of CH,-0-CH, = ar 


CH,---O— H, CH,°O-CH, 

Ethyl n-propyl Pentamethylene 1; 4-Dioxan. 1:3- Nien 

ether. oxide. 

The method employed was to introduce 1 gram of the substance, 
0°3 gram of magnesium, and 2 grams of methyl iodide into 50 ce. 
of dry benzene, and to heat the mixture under reflux on a water. 
bath. A series of experiments was carried out each time, the 
series always including two blank experiments, with and withow! 
the addition of 1 gram of dry ether. It was found to be com 
paratively easy to ascertain when reaction had definitely set in 
and the vigour with which decomposition ensued on the addition 
of ice-cold water at a constant rate gave a further confirmation # 
to the extent to which reaction had occurred. The results am 
more uniform in the case of the sulphur than the oxygen col 
pounds, because the former react more slowly. The results obtained 
were as follows : 

(1) It was found that the open-chain compounds, ethyl n-propy 
ether and ethyl n-propyl sulphide, reacted more readily thal 
pentamethylene oxide and sulphide respectively, from which it} 
evident that ring formation diminishes the catalytic activity 


these compounds, 
(2) 1:4-Dithian and 1:4-dioxan are more active than pelt 
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methylene sulphide and oxide respectively, whilst 1 : 4-dithian is 
almost as active as 1: 4-dioxan, but both are much less active 
than ethyl n-propyl sulphide and oxide respectively. The marked 
unsaturation of 1 : 4-dithian and 1 : 4-dioxan may be attributed to 
the presence of two sulphur and two oxygen atoms respectively in 
the 1:4-position (Clarke, T., 1912, 101, 1801). That the two 
oxygen atoms in 1 ; 4-dioxan exert a mutua! influence, the effect 
of which is to augment the basic function, has been shown by 
Faworsky (J. Russ. Phys. Chem. Soc., 1906, 38, 741), Paterno and 
Spallino (Atti R. Accad. Lincei, 1907, [V], 16, 187) and others, 
who observed that 1 : 4-dioxan readily yields salts with sulphuric 
acid, bromine, iodine, picric acid, and mercuric chloride, whilst 
the corresponding open-chain compound, «$-dimethoxyethane, is 
neutral. The marked basic function of 1 : 4-dioxan does not confer 
any increased catalytic activity over ethyl n-propyl ether in the 
formation of magnesium methy] iodide. 

(3) 1: 4-Thioxan is more active than | : 4-dithian, its activity 
being almost equal to that of 1: 4-dioxan. This again shows that 
the oxygen compounds are more active than the corresponding 
sulphur compounds, and that the oxygen atom is unique in its 
marked catalysing action. Smiles (T., 1909, 95, 994) has shown 
that the sulphur atom in 3: 5-diethoxy-1 : 4-thioxan is sluggish 
in its chemical functions, whilst Clarke (loc. cit.) has found that the 
velocity of reaction of bromoacetophenone with 1 : 4-thioxan is 
much slower than with pentamethylene sulphide and | : 4-dithian. 
If the catalysing action of 1 : 4-thioxan in the formation of mag- 
nesium alkyl haloids were due solely to the tendency of the oxygen 
and sulphur atoms to become quadrivalent, then it would be 
expected to be much less active than | : 4-dithian, especially since 
Clarke (loc. cit.) has shown that in compounds of the type 
KGHCH?>Y. where X and Y are both sulphur or both oxygen 


atoms, the effect of the mutual influence is to increase the reactivity, 
whilst if X and Y are sulphur and oxygen respectively, the reactivity 
is depressed. 

(4) No difference in reactivity could be detected between 
1:3-dioxan and 1:4-dioxan. The former compound only forms 
‘1 unstable picrate and yields a crystalline double compound with 
mercuric chloride, whilst 1 : 4-dioxan is much more basic. This 
again indicates that the catalytic activity is not due solely to the 
saturated nature of the oxygen atoms in these compounds. Both 
‘ompounds are much less active in their catalysing action in the 
formation of magnesium methyl iodide than is ethyl n-propyl ether. 

It is not proposed to deal here with the voluminous literature 
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which has been published on the part played by ether in the 
formation of Grignard reagents. Although Tingle (Amer. Chem. J,, 
1907, 37, 483) has shown that ether is not essential, provided 
sufficient time is allowed, and Spencer (T., 1908, 93, 68) has shown 
that magnesium and phenyl iodide react at the boiling point of 
the latter, yet ether does enormously accelerate the formation of 
Grignard compounds, and none of the sulphur compounds examined 
during this investigation is so effective. ‘Tschelinzeff’s view (Ber, 
1904, 37, 4534) that a mere trace of ether is sufficient, has not 
been substantiated in the author’s experience, and it should be 
pointed out that the fact that ether is a catalyst does not necessarily 
exclude the formation of ‘ oxonium ” compounds during the course 
of the reaction. Very little reliance can be placed on the analysis 
of these oxonium compounds, because, with the exception of the 
double compound formed between amyl ether and magnesium 
methyl iodide (Zerewitinoff, Ber., 1908, 41, 2244), and that between 
tribenzylphosphine oxide and magnesium methyl iodide (Pickard 
and Kenyon, loc. cit.), the majority of these compounds have only 
been obtained as amorphous solids. The results obtained in this 
paper show that ether is unique in its catalytic action, and that 
sulphur, selenium, and tellurium compounds, which show an 
increasing tendency to become quadrivalent, do not catalyse the 
formation of magnesium alkyl and aryl haloids to such an extent 
as the corresponding oxygen compounds. 


EXPERIMENTAL. 


Diethyl Sulphide.—This was prepared by the action of an excess 
of concentrated aqueous sodium sulphide on sodium ethyl] sulphate. 
After removal of ethyl mercaptan by shaking with 40 per cent. 
aqueous potassium hydroxide, the product was dried over sodium 
and distilled over phosphoric oxide; b. p. 92—92°5°, dj 0°8367. 

Diisoamyl sulphide was prepared in a similar manner from 
potassium amyl sulphate and potassium sulphide; b. p. 215, 
d? 0°8433. 

Ethyl n-propyl sulphide was prepared by the action of n-propyl 
bromide on an alcoholic solution of the sodium salt of ethyl mer- 
captan (Strémholm, Ber., 1900, 33, 830). After distillation in 
steam, the mercurichloride was precipitated as a heavy oil by the 
addition of an excess of dilute mercuric chloride solution. The oil, 
after being washed with water, was decomposed by distillation 
with aqueous sodium sulphide solution. The sulphide was then 
dried by distillation over freshly fused potassium hydroxide, and 
repeatedly distilled over metallic sodium; b. p. 116—II”, 
d?’ 0°8446. 
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Pentamethylene Sulphide——Thirty grams of a«-dichloropentane, 
prepared by Braun’s method (Ber., 1904, 37, 2918) were heated 
for four hours under reflux with a dilute alcoholic solution of about 
twice the calculated quantity of potassium sulphide. After dis- 
tillation in steam, the product was precipitated as the mercuri- 
chloride, which was well washed with water and decomposed by 
distillation with aqueous sodium sulphide solution. The separated 
oil was distilled over freshly fused potassium hydroxide and then 
over sodium; b. p. 141—142° (Braun and Wallach, Festschrift, 
1909, 381), d}’ 0°98379. 

1:4-Thioxan.—This compound was first obtained by Clarke 
(T., 1912, 101, 1806) by the action of dilute alcoholic potassium 
sulphide on 8$’-di-iodoethyl ether. 

The thioxan used in this investigation was prepared from thio- 
diglycol (v. Meyer, Ber., 1886, 19, 3259) as follows: Thiodiglycol 
(30 grams) and concentrated sulphuric acid (1°25 grams) were 
heated together, when a moderate reaction ensued at 180° and 
the distillate obtained separated into two layers. The lower layer 
was removed and purified by conversion into the mercurichloride 
(m. p. 170°) and subsequent decomposition by potassium sulphide, 
followed by repeated distillation over freshly fused potassium 
hydroxide and sodium. The product boiled constantly at 148°; 
d? 111744. 

Diphenyl Sulphoxide—This was prepared by the action of mag- 
nesium phenyl bromide on benzenesulphonyl chloride. The details 
of this preparation will be given in a later communication. After 
two erystallisations from benzene, the product melted at 69°8°. 

Diisoamyl sulphoxide was obtained by the oxidation of diisoamyl 
sulphide, in acetone, with 30 per cent. hydrogen peroxide (Smiles, 
T., 1908, 93, 1833). After crystallisation from light petroleum, 
the product melted at 35°. 

Diphenylsulphone was obtained by the action of benzene on 
benzenesulphony! chloride in the presence of aluminium chloride 
(Beckurts and Otto, Ber., 1878, 11, 2066). After recrystallisation 
from benzene, it melted at 128° and boiled at 230°/17 mm. 

Dimethylsulphone was prepared by the action of fuming nitric acid 
on dimethyl sulphoxide nitrate. After removal of the greater part 
of the nitric acid by heating on the water-bath, the syrupy mixture 
was solidified by cooling in a freezing mixture, pressed, crystallised 
from water, and the product dried in a vacuum over potassium 
hydroxide and phosphoric oxide; m. p. 109°, b. p. 238—240°. 

Ethyl n-Propyl Ether—Small pieces of metallic sodium were 
added to pure n-propyl alcohol until sodium n-propoxide began to 
separate. Ethyl iodide, equivalent to the sodium used, was then 
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added and the mixture heated under reflux for eight hours on g 
water-bath. On distillation, the fraction, b. p. 62—67°, was col. 
lected and repeatedly boiled with sodium until no further action 
took place. The pure ether distilled at 63° (Briihl, Annalen, 1880, 
200, 177). 

Pentamethylene Oxide.—Twenty grams of «e-dibromopentane, pre. 
pared and purified by Braun’s method (Ber., 1904, 37, 3210; 1905, 
38, 2339), were converted into pentamethylene oxide by Clarke's 
method (T., 1912, 101, 1802). After being dried with potassium 
hydroxide and sodium, it distilled at 87—88°. 

1: 4-Dioxan was prepared by heating a 4 per cent. solution of 
concentrated sulphuric acid in ethylene glycol on an oil-bath, 
according to the directions of Faworsky (loc. cit.). The distillate, 
which contained much acetaldehyde, was saturated with potassium 
hydroxide, the separated liquid distilled and repeatedly boiled under 
reflux with silver oxide. It was found necessary to treat the 
product repeatedly with silver oxide in order to remove the last 
traces of acetaldehyde. After separation and repeated distillation 
over freshly fused potassium hydroxide followed by distillation 
over sodium, a clear product, b. p. 101°5°, was obtained, which 
was free from aldehydes. 

1:3-Diovan was obtained from trimethylene glycol and tu- 
oxymethylene according to the method of Clarke (loc. cit.). After 
being repeatedly treated with silver oxide to remove aldehydes, 
a clear, colourless liquid, b. p. 105°, was obtained. 


The author is gratefully indebted to the late Dr. Vernon for the 
gift of a small quantity of dimethyl telluride. 

He is also indebted to the Research Committee of Messrs. Nobel’s 
Explosives Company, Limited, and particularly to Mr. Rintoul, for 
the facilities accorded him in carrying out this investigation. 


THE RESEARCH LABORATORIES, 
STEVENSTON, N.B. (Received, May 13th, 1921.) 


CXLI.—Aminoacylcholine Esters. Part I. 
Glycylcholine. 


By Harotp Warp DuDLEY. 


THE wide distribution of choline in the animal and vegetable king: 
doms has led in recent times to a recognition of its importance 
biological chemistry. Pharmacologically, this substance and it 
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jerivatives are very interesting. Acetylcholine, for instance, is an 
wtraordinarily potent drug, exhibiting its action on the frog’s 
heart in a dilution of 1 : 1000 millions. 

It appeared, therefore, of interest to prepare and examine the 
properties of the esters of choline with the naturally occurring 
amino-acids, and this paper deals with the first compound of the 
wries, glycylcholine. 

A simple and direct method of obtaining this substance was 
fund. It consisted in mixing glycyl chloride hydrochloride and 
choline chloride in the form of fine powders and heating at 100° in 
avacuum. Hydrogen chloride gas was evolved with formation of 
slycylcholine, which was isolated as the platinichloride, from which 
the hydrochloride of glycylcholine chloride was obtained. The 
yield, considering the nature of the reaction, is fair, the average of 
anumber of preparations being 56 per cent. of the theoretical. 

Nothnagel (Arch. Pharm., 1894, 232, 266), in describing the pre- 
paration of acetylcholine, notes that after decomposing the gold salt 
vith hydrogen sulphide, and removing the excess of the latter by 
heating, the acetylcholine is hydrolysed, for, on adding chloroplatinic 
aid to the filtrate, choline platinichloride separates out. Accord- 
ingly Ewins and others have decomposed acetylcholine platinichloride 
by adding to its solution in water potassium chloride, evaporating 
to dryness in a vacuum, and extracting the residue with absolute 
alohol, in which acetylcholine chloride is readily soluble. 

The first isolation of the hydrochloride of glycylcholine chlor:de 
was made by this method. It proved to be very laborious, since 
the substance is not soluble in absolute alcohol. After evaporating 
an aqueous solution of the platinichloride with the amount of 
potassium chloride theoretically required, the glycylcholine chloride 
hydrochloride was extracted with many washings of hot 98 per cent. 
ilohol. But this was unnecessary. It was found possible to 
decompose the platinichloride with hydrogen sulphide, to remove 
the excess of the latter from the filtrate and to concentrate the 
wlution by distillation in a vacuum at a low temperature, without 
aly perceptible hydrolysis of the glycylcholine occurring. It 
xems possible that this method may be applicable to acetylcholine, 
for there does not appear to be any particular reason why the ester 
mm of glycylcholine should be more stable than that of acetyl- 
choline. 

The action of glycyl chloride hydrochloride on free choline was 
tried, but proved to be complicated, and was not further studied. 

Choline is usually described as a colourless syrup, which, being 
strongly basic, absorbs carbon dioxide from the air, and is thereby 
‘ansformed into the crystalline carbonate. Griess and Harrow 
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(Ber., 1885, 18, 717), however, report that they obtained the fre 
base as hygroscopic crystals; but Guggenheim (“ Die Biogeney 
Amine,” p. 68) expresses doubt as to whether their substance was 
not in reality the carbonate. It is worthy of note that in the coud 
of this work free choline was readily obtained as a solid, crystalline}; 
very hygroscopic mass under conditions precluding the formatio, 
of carbonate. A short description of its preparation is appended. 

The pharmacological behaviour of glycyleholine and _ othe 
members of this series of compounds will be discussed elsewhere af 
a later date. 


EXPERIMENTAL. 


Glycylcholine Platinichloride, 
NMe,CI-C,H,0-CO-CH,-NH,,HC1,PtCl,,H,0. 


Glycyl chloride hydrochloride was prepared without difficult 
by Fischer’s method, a very fine, snow-white powder, which gave: 
satisfactory analysis, being obtained. It was stored in a vacuum 
desiccator over phosphoric oxide. Choline chloride was obtained 
as a fine, white, crystalline powder by dissolving it in a small quantity 
of absolute alcohol and pouring the solution into a large volume o 
pure dry ether, at the same time stirring vigorously. The finely 
divided, precipitated choline chloride was filtered off rapidly and 
kept in a vacuum desiccator over phosphoric oxide. Equal amounts 
(0°3 gram) of the two dry powders were mixed in a test-tube, which, 
after being evacuated with the aid of a water-pump, was half in- 
mersed in a boiling-water-bath and heated for about six hours. The 
powder shrank and developed a faintly yellow tinge. After being 
allowed to cool, the product was digested with about 5 c.c. of absolute 
alcohol to decompose any unchanged glycyl chloride hydrochloride 
and to remove choline chloride, filtered, the residue dissolved in 
10 c.c. of 50 per cent. alcohol, and the solution filtered. To the 
filtrate were added 15 c.c. of a 5 per cent. aqueous solution of 
chloroplatinic acid. An immediate turbidity was produced and the 
platinum salt was rapidly deposited in clusters of orange needles. 
After remaining over-night at about 2°, the platinichloride wa 
filtered off, washed with a little 50 per cent. alcohol, and dried o 
porous plate in the air: yield 0°68 gram. The salt gave correct 
figures on analysis, without further purification, and was found t 
contain 1 mol. of water of crystallisation. It melted at 236—238 
(uncorr.) with vigorous decomposition (Found : loss at 122°=283; 
Pt in anhydrous salt=34°15. C,H,,0,N,ClgPt,H,O require 
H,O=3-06. C,;H,,0,N,Cl,Pt requires Pt=34'2 per cent.). 

This platinichloride is insoluble in absolute alcohol, but is moder- 
ately soluble in water, 
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Decomposition of Glycylcholine Platinichloride by Hydrogen 
Sulphide. 


The platinichloride (0°1890 gram) was dissolved in 30 c.c. of water 
@; 38°, and hydrogen sulphide was passed through the solution, 
hich was allowed to cool to room temperature, until all the platinum 
ud been removed. After being filtered, the clear, colourless 
lution was concentrated to about 3 c.c. in a vacuum at 30—35°, 
made up to 8 c.c. with absolute alcohol, and 5 c.c. of a 5 per 
Ment. aqueous solution of chloroplatinic acid were added; 0°1311 
gam of platinichloride was recovered. This melted at 236—238° - 
ud gave correct analytical figures for glycylcholine platinichloride 
found; H,O=2°55; Pt in anhydrous salt=34°3 per cent.). 


Glycylcholine Chloride Hydrochloride. 


The platinichloride (0°453 gram) was dissolved in 70 c.c. of water 
437°, the platinum precipitated by hydrogen sulphide, and the clear 
filtrate evaporated in a vacuum (water-bath at 30—35°). When the 
y@roume was about 4 c.c., alcohol was added and the solution again 
waporated in a vacuum. This process was repeated and the 
y@lution finally evaporated to dryness. The hydrochloride is 
a hygroscopic, white, crystalline substance, very soluble in water, 


‘mom which it crystallises in prismatic needles. It is insoluble in 
ich,M absolute alcohol. 


Alyylcholine Aurichloride, NMe,Cl-C,H,O-CO-CH,*NH,,HCI,2AuCly. 


Glyeylcholine platinichloride (0-45 gram) was decomposed by 
hydrogen sulphide as in the preceding experiment. The filtrate 
was concentrated in a vacuum to 6 c.c., diluted with 4 c.c. of water, 
and to the resulting solution (10 c.c.) were added 10 c.c. of an 
aqueous solution of chloroauric acid. The solution became turbid 
and fine, golden-yellow needles were rapidly deposited. The yield 
tthe gold salt, which melted and decomposed slightly at 180— 


as 5 (uncorr.), was 0°465 gram. It was found to contain no water 


of crystallisation. It was freely soluble in absolute alcohol, more 
soluble indeed in this solvent than in water, and could be recrystal- 
ised from either solvent. On boiling the aqueous solution, some 


938° {composition was noted. 


The best way to recrystallise this salt is to dissolve it in excess of 


ires “ter at 40° and to concentrate the solution at a low temperature in 


‘vacuum until crystallisation occurs. Becrystallised from water 
Ba this way, the gold compound separates as glistening, golden plate- 
kts having the same melting point and composition as the needles 
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described above. If heated at 110—120°, the salt slowly loses 
weight and discolours, obviously suffering slight decomposition. 

For analysis, the gold salt was heated in a water-oven a 
95° until the weight was constant. Only a minute change ip 
weight of the air-dried material occurred (Found: Au=46‘, 
C,H,,0,N,Cl,Au, requires Au=46°9 per cent.). 

Glycylcholine chloride hydrochloride forms a double salt with 
mercuric chloride, which crystallises in fine, woolly needles melting 
at 150—156° (uncorr.). This was prepared by dissolving the 
hydrochloride obtained from 0°6 gram of the platinichloride in 5 ce. 
’ of water and adding 10 c.c. of a saturated alcohol solution of mercuric 
chloride. It slowly loses weight on heating at 95°, as does the corre. 
sponding salt of choline, owing to the volatility of the mercuric 
chlori de. 


Preparation of Crystalline Choline. 


Choline chloride (2-5 grams) was dissolved in water and the 
chlorine removed from the solution by shaking with freshly-precipi- 
tated silver oxide. The silver chloride and oxide were filtered of 
and the solution was concentrated in a vacuum (water-bath at 
30—35°). A viscous syrup was obtained, from which a small 
amount of silver oxide separated. The syrup was dissolved in 70 


c.c. of absolute alcohol, and after the suspended silver oxide had 
been filtered off, the solution was again evaporated in a vacuum. 
The flask in which the operation was carried out was provided witha 
capillary bubbling-tube, to which a soda-lime tube was attached, in 
order to remove carbon dioxide from the air drawn through the liquid. 
Again a syrup was obtained. Absolute alcohol (70 c.c.) was added 
and the solution once more evaporated in a vacuum. The viscous 
syrup obtained was shaken three times with about 50 c.c. of dry ether, 
the bulk of the ether being removed by means of a pipette. Finally, 
the residual ether was removed in a vacuum (water-bath heated at 
40°). The flask was then transferred to a vacuum desiccator 
containing phosphoric oxide. After twenty-four hours, a crystalline 
crust had been formed on the surface of the pasty mass. This was 
broken up with a glass rod and returned to the desiccator. After 
remaining for several days, the entire mass became crystalline. 
About 30 c.c. of dry ether were added and the crystalline material 
was ground to a coarse powder under the surface of the ether, which 
was afterwards removed by distillation in a vacuum. 
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CXLIT.—The Sulphonation of Toluene with Chloro- 
sulphonic Acid. 


By Leonarp Harpine. 


SincE the publications of Noyes (Amer. Chem. J., 1886, 8, 176), 
Klason and Vallin (Ber., 1879, 12, 1851) and Monnet (Eng. Pat. 
25273), the toluenesulphonyl chlorides have been prepared directly 
by the use of chlorosulphonic acid. Although the preparation is of 
technical importance, very little information is to be found on the 
relative proportions of the ortho- and para-isomerides obtained under 
varying conditions of temperature, etc. Holleman (Ber., 1911, 
44, 2504) gives such details for varying conditions, using sulphuric 
acid, and records one result obtained with chlorosulphonic acid. 
It is, however, doubtful how far the results of Holleman are of use 
in studying the present-day direct method for the manufacture 
of the sulphonyl chlorides, as the mechanism of the reaction 
between toluene and chlorosulphonic acid has not previously been 
investigated. 

Some earlier workers have made suggestions on the nature of 
the reaction, but these were usually the outcome of observations 
made with molecular quantities; for example, Beckurts and Otto 
(Ber., 1878, 11, 2061) suggest that with molecular proportions the 
following reactions take igs simultaneously : 


80,<6) yt RH= =s0,<2 + HCl 


s0,< CL + RH=80,<¢+H,0 


S0,<6) 7 +2RH=S0,<}+ HCl+H,0. 


Later, Houmann (Ber., 1882, 15, 1114), whilst leaving the matter 
an open question, suggests that the sulphonic acids are first formed 
and are subsequently converted into the sulphonyl chlorides by 
excess of acid. It has, however, been generally inferred, and the 


ine.@ patent literature (for example, Barge, Eng. Pat. 1877, 1903) has 


tended to emphasise the impression, that the reaction between 
toluene and an excess of chlorosulphonic acid can be thus 
represented : 
C,H,-CH,+S0,HClI=CH,’C,H,°SO,Cl+ H,O 
H,0+8S0,HCI=H,S0O,+ HCl. 


The following work was carried out with the object of obtaining 
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further information on the mechanism of the reaction and details 
as to the maximum quantity of the ortho-isomeride which might be 
obtained by a variation of the experimental conditions. 


EXPERIMENTAL. 


Preparation of Materials. 


The chlorosulphonic acid was prepared from commercial acid 
of 95 per cent. purity by distillation in a current of hydrogen 
chloride gas. The toluene was a well-washed commercial specimen 
distilling within 0°3°. 

Where pure toluenesulphonic acids were required, they were 
prepared by hydrolysing the pure sulphonyl chlorides with water, 
the latter being obtained by the method described by the author 
(this vol., p. 260). 


Method of Analysis. 


The sulphony] chlorides were obtained from the reaction product 
by pouring on to ice and extracting with ether in the usual way. 
The ethereal solution was not dried, as only comparative data were 
required with regard to yields. 

The estimation of the proportion of the o- and p-isomerides in 
the mixed sulphonyl chlorides was made by converting them to 
the amides. Owing to the presence of by-products and impurities 
in the sulphonyl chlorides, it was necessary to purify the crude 
amides. The method adopted was to dissolve them in a slight 
excess of 10 per cent. sodium hydroxide and shake with a few drops 
of chloroform to remove small quantities of the meta-isomeride and 
an easily fusible, brown substance, which has not yet been iden- 
tified. After separating and filtering the alkaline solution, the 
whole of the amide was precipitated with a slight excess of acid. 
The purified amide having been dried and the melting point taken, 
the composition was ascertained by reference to the melting-point 
curve of McKie (T., 1918, 113, 799). The method of purification 
described was quite satisfactory for comparative purposes, as Was 
proved by the fact that, when known mixtures were treated in the 
same way, no difference in melting point between the original 
mixture and the reprecipitated amides was observable. Also in 
the majority of operations duplicate tests were carried out and the 
same results obtained. In the case of all purifications, the same 
relative quantities of reagents and wash-water were used in order 
to avoid error from the difference in solubility of the o- and p- 
sulphonamides. 


TOLUENE WITH CHLOROSULPHONIO ACID. 
bails 
t be , 
The Experiments. 


(1) It was considered desirable first to ascertain the effect of 
sulphonating at low temperatures. On making the preliminary 
experiment of adding toluene to chlorosulphonic acid which had 
previously been cooled with solid carbon dioxide to —40°, no 
visible signs of reaction could be observed. In order to ascertain 
whether any reaction would take place after long contact with the 
acid at the temperature of solid carbon dioxide, 10 grams of toluene 
were mixed with 40 grams of chlorosulphonic acid which had been 
cooled to below —40°. The tube containing the mixture was placed 
ina vacuum vessel, closely packed with solid carbon dioxide, and 
the whole placed in the refrigerator overnight. After eighteen 
hours, the mixture was poured on to ice, 6°9 grams of toluene were 
decanted off the ice-water, and although there was a slight colora- 
tion, no trace of sulphony] chloride could be detected in the residue 
alter evaporation of the toluene. By treating the water in the 
usual manner 1°3 grams of sodium toluenesulphonate were obtained, 
vhich, on treatment with phosphorus pentachloride and subsequent 
amidation of the sulphonyl chlorides produced, gave a mixed amide 
wntaining 58°5 per cent. of the para-isomeride. 

(2) A similar experiment was made and an amide obtained con- 
taining 59°5 per cent. of the para-isomeride. 

(3) Ten grams of toluene were gradually added during several 
hours to 40 grams of chlorosulphonic acid, each small addition 
being made after cooling the acid to —40° and then allowing the 
mixture to warm up in the air to —35°. When the whole of the 
toluene had been added and the mixture had remained below —35° 
lor about three hours, the whole was poured on to ice. All the 
toluene had reacted, but only 4°3 grams of mixed sulphony] chlorides 
re obtained, the composition corresponding with 53°5 per cent. 
if the para-isomeride. 

(4) Two separate mixtures of toluene and chlorosulphonic acid 
having been made at a temperature below —40° in the same pro- 
portions as before, they were poured gradually into tubes surrounded 
y ice and the reaction was allowed to take place at 5—10°. One 
if the mixtures was poured on to ice immediately and the other 
ter remaining for two hours. The sulphonyl chlorides obtained 
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id the fhigg grams) had in each case a composition corresponding with 
same 25 per cent. of the para-isomeride. 

ys in the following determinations the toluene (10 grams) was 
Nn p- 


ded in fine droplets to the cooled and vigorously stirred 
id, 
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Yield of 
undried 
Proportion sulphonyl Percentage 
of toluene chlorides. of para-iso- 
to acid. Temperature. meride. 
1:4 


99 


& 
x 


nweoeo i? 2) ID Ou. 


(acid not distilled) 


(acid distilled) 
] $ Ss ” 
1:4 20—25 
35—40 
73—80 


” 


a 


” 


(13) An operation similar to No. 8 was carried out except that 
the method of mixing the reagents was reversed, that is, the acid 
was added to the cooled toluene. Two different determinations 
gave sulphonyl chlorides having the same composition, namely, 
91 per cent. of the para-isomeride. 

From observation of the results obtained at temperatures below 
0° it appeared from the unusually low yields of sulphonyl chlorides 
that the acids were produced before the sulphony! chlorides, and 
that if molecular quantities could be made to react without the 
influence of any local or temporary excess of acid, no sulphonyl 
chlorides would result. With the object of attaining these conditions 
as nearly as possible, the following determinations were made. 

(14) Ten grams of toluene were mixed with 12°6 grams (1 mol.) 
of chloro-sulphonic acid at a temperature below —40 and the 
mixture was poured on to the bottom of a large beaker at room 
temperature. The product was then poured on to ice. 
resulted 2 grams of sulphonyl chlorides, together with 0°76 gram 
of a white solid suspended in the acid water, which was not soluble 


in ether. The solid crystallised from chloroform in monoclinic (wick 


prisms, melted at 158°, and was evidently di p-tolylsulphone. The 
ice-water was treated in the usual manner and 9°38 grams of sodium 
toluenesulphonate were obtained, which on subsequent treatment 
showed a composition corresponding with 80 per cent. of the 
para-isomeride. 

(15) Another attempt to avoid, if possible, the influence of excess 


of acid was made by carrying out the reaction in excess of toluene 


The chlorosulphonic acid (126° grams) was gradually added with 
vigorous stirring to 10 grams of toluene whilst the temperature wa 
maintained at 5—10°. One gram of sulphonyl chlorides resulte 


inoport 


together with 0°86 gram of sulphone, and 5°43 grams of soditll ’ 


toluenesulphonate were obtained by treatment of the ice-wate 


The sodium salt on further treatment showed a composition indicalgl™ 


ing 80 per cent. of the para-isomeride. 
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In interpreting the above experimental results it is to be noted 
that, when the temperature is sufficiently low, no sulphony] chlorides 
awe produced, although a large excess of chlorosulphonic acid is 
present. Even when the temperature is raised to —35°, only a 
low yield is obtained. But if similar mixtures are allowed to rise 
in temperature to 0° (Expt. 4), the sulphony] chlorides are mainly 
produced. When these considerations are coupled with the fact 
that when 1 molecule only of chlorosulphonic acid is employed 
Expt. 15) the main product is the acid, whereas when an excess of 
wid is finally added (Expt. 13) the sulphonyl chlorides are the 
nain product, it appears clear that the action of an excess of 
tilorosulphonic acid on toluene must be represented by the 
pllowing equations : 


C,H,*CH,+S0,HCl=CH,-C,H,SO,H+ HCI 
CH,-C,H,SO,H+S0,HCl=CH,-C,H,SO,Cl+H,80,. 


Assuming that the above correctly represents the reaction, it is 
jobable that in an ordinary sulphonation the conversion from the 
wids to the acid chlorides will be increasingly retarded by the 
ilution of the remaining chlorosulphonic acid with the products 
reaction. Consequently, in an industrial operation it is essential 
i) the obtaining of good yields of sulphonyl chlorides that the 
nixture should be allowed to remain a sufficient length of time for 
the completion of the process before the products are separated. 
ipecially is this important in view of the fact that an investigation 
it present in progress tends to show that the isomeric acids are not 
oportionately converted into the acid chlorides in dilute solutions 
i chlorosulphonic acid, but that the predominating acid is more 
quickly transformed. This may account for the fact that the 
ioportion of p-sulphonyl chloride in Experiment 13 is greater than 
ut of the p-sulphonic acid in Experiment 15, two similar opera- 
ions, except that in the former an excess of acid has been added. 

The question arose as to the possibility of intramolecular change 
“curring during the second stage of the reaction. Apparently no 

@h change takes place, for when pure acids were treated at room 
‘perature with an excess of chlorosulphonic acid the sulphonyl 
itig“orides obtained were pure products. 
Holleman (loc. cit.) showed in the case of sulphuric acid that the 
tportion in which isomerides are obtained is greatly affected by 
temperature and the quantity of acid used. The same effect 
ito be observed, but more markedly, in the case of chlorosulphonic 
id. The necessity for working with a constant excess of acid if 
tt ortho-isomeride is required is emphasised still more by reversing 
he usual method of sulphonation, as in Experiment 13, where the 
xx2 
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tiv 
reaction took place in excess of toluene and the result was a largely F th 
increased amount of the para-isomeride. wh 
It will therefore be evident that any local excess of toluene should § in 
be avoided if the ortho-isomeride is required in maximum yield. § we 
This idea has already been abroad in industry and, in consequence, § fur 
some workers spray the toluene into the acid in order to prevent § ove 
local excess of the former as far as possible. The question has ] 
arisen as to how far the subdivision of the toluene increased the J agr 
proportion of the ortho-isomeride. In Experiment 4, where the § aci 
whole of the toluene has been previously dissolved in the chloro- § an 
sulphonic acid at a low temperature, we have the effect of infinite J rap 
subdivision, and one can therefore assume that the result is indica- 
tive of the maximum proportion of the ortho-isomeride obtainable 
by any ordinary method of sulphonation at that temperature. and 
Considering the influence of temperature, it might have been whi 
expected that the acids produced in Experiment 1 would have con-§ latt 
tained the greatest proportion of the ortho-isomeride, but it appears J met 
that there is an early limit to the effect of temperature in this T 
direction. It is not clear at the moment why the proportion of the exp 
ortho-isomeride should be greatest in Experiment 4, but it is hoped 
that further investigation of this most susceptible reaction will lead |), 
to an explanation of this and other difficulties. acid 
I should like to take this opportunity of thanking Professor pu 
Sir W. J. Pope for his helpful advice and interest in the work. wun 
UNIVERSITY CHEMICAL LABORATORIES, sim] 
CAMBRIDGE. (Received, June 27th, 1921.) accu 
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CXLIII.—Studies on Hypophosphorous Acid. Part lg ™ 
Its Reaction with Mercurie Chloride. oo 
By Atec Duncan MiTcHELt. a 
all | 
THE reaction between hypophosphorous acid and iodine has bee! go ty, 
studied by Steele (T., 1907, 91, 1641) and submitted to a morg@ pag, 
detailed examination by the author (T., 1920, 117, 1322), who half 7, 
resorted to it in the hope of throwing more light on the reactiOlf§ prose 
now discussed. It had been found that the reactions were exact but 7 
comparable when the solutions were not too dilute. As the elucid*§ chioy 
tion of the problem was found to depend on the reaction velociti( chlor 
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tively, the former reaction was the more suitable for study because 
the small concentrations of iodine could be accurately determined, 
whereas, in the method originally adopted for following the reaction 
in the case of mercuric chloride (series A), the small concentrations 
were found by difference and were very susceptible to error. A 
further method has now been utilised, which, to some extent, 
overcomes this difficulty (series B). 

In the communication mentioned, the hypothesis suggested as 
agreeing with the observed facts was as follows. Hypophosphorous 
acid molecules are in equilibrium with a very small proportion of 
an active form called, for convenience, H;PO,; this reacts very 
rapidly with the tri-iodide ion : 


H,PO,+1’,=H,P0,+2H'+31’, 


and the equilibrium thus displaced is restored at a finite rate 
which is accelerated by hydrogen ions: H,PO,—> H;PO,. The 
latter constitutes the measurable reaction unless the iodine (or 
mercuric chloride) is very dilute. 

The mathematical development of this hypothesis led to the 


expression 
(1+-rh,/a,)ds/dt=kl,(1—«)hy, 


where 1,, h,, and a, were the concentrations of hypophosphorous 
acid, hydrogen ions, and iodine molecules respectively at time f¢, 
ds/dt was the rate of formation of phosphorous acid, and « the 
degree of ionisation of hypophosphorous acid at that time; r and k 
were constants. This expression was obtained by making several 
simplifying approximations, but was shown to hold with fair 
accuracy for all experiments under varying conditions. The fact 
that r is small accounted for the very slight effect of the iodine 
concentration on the velocity until that concentration became very 
small; k is the constant of the direct reaction involved in the 
equilibrium : H,PO, == H,;PO, (p. 1275). 

The reaction with mercuric chloride shows the same character- 
istics as that with iodine. Moreover, the measurable velocity under 
similar conditions is almost the same in the two cases, provided 
that the concentration of the iodine or mercuric chloride does not 
fall below about one-fiftieth or one-twentieth molar respectively, 
80 that it is still more probable that neither takes any part in the 
predominating reaction (see Table IV). 

The hypothesis can now be adapted for consideration of the 
present reaction. ‘The equilibrium reaction is the same as before, 
but when one considers the rapid reaction in which the mercuric 
chloride takes part, a modification is necessary. The mercuric 
chloride may function as (1) molecules, (2) the HgCl° or,Hg"’ ions, 
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or (3) HHgCl, or a similar complex or corresponding ions (see 
Linhart, Amer. J. Sci., 1913, [iv], 35, 353). It is only very slightly 
ionised in its pure solutions, but in the presence of hydrochloric 
acid there is a marked tendency to form the complex ion HgCI’, 
(Sand, Zeitsch. physikal. Chem., 1907, 59, 424). In its general 
form the expression given above becomes 


[1-+-rhy[f (aishi,€:) }ds /dt = kl,(1— %)hy, 


c, being the corresponding concentration of chloride ions, and the 
function can be given precise mathematical expression according 
to the part played by mercuric chloride in the rapid reaction. As 
the term involving this function only becomes appreciable at very 
low concentrations of mercuric chloride, where the experimental 
error in determining both ds/dt and a, is proportionately large, it 
was decided to use a method whereby unchanged mercuric salt 
could be estimated directly (series B). The fairly consistent results 
obtained when the concentration of mercuric chloride does not fall 
below 0°05 molar (as in series A) show that the omission of this 
term causes no serious error in such cases, for which, therefore, 
the expression ds/dt=kl,(1—a,)h, is used; h, is found to be a linear 
function of s and is put equal to h+ms, m being a constant for 
each particular experiment; /, is equal to ]—s; as % is not always 
a linear function of s, the expression is integrated assuming (1—) 
to be constant, and, in calculating the value of & for any par- 
ticular period, the value of (l—«) at the middle of that period, 
(l—a,,), is used for (l—«,). The integrated form is : 


(h+-ml)(1—ay,)kt=log, U/l, tlog.h/h, . . (I) 


letters without suffixes denoting initial values. 


The mean value of the constant obtained, 134 x 10~ (see Tables 
I and II), agrees with that obtained in the iodine series, 128 x 10°, 
but in both cases the highest results were obtained with the highes 
concentrations of hypophosphorous acid, thus indicating a slight 
secondary disturbing effect. 

In series B, lower concentrations of mercuric chloride were used 
and the mercury in solution was determined directly. The “ con 
stants ”’ calculated on formula (1) show a definite diminution wit 
decreasing concentrations of mercuric chloride and hypophosphorou 
acid. A few experiments were carried out in presence of N/2- of 
N/10-sodium chloride, and these gave a distinctly lower constant 
than the corresponding experiments without sodium chloride, afte 
allowance had been made for the consequent decrease in thi 
hydrogen ions derived from the hydrochloric acid. This points t 
a marked decrease in the second (rapid) reaction and must be du 
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to the formation of complexes at the expense of undissociated 
mercuric chloride or its ions; the complex is therefore not the 
active form of mercuric chloride, as was anticipated from analogy 
with the complex iodide (p. 1271), although Linhart (loc. cit.) finds 
that, in the reaction between phosphorous acid and mercuric 
chloride, it is the complex which reacts. 

Constants for the various equilibria involved are available. 
Morse (Zeitsch. physikal. Chem., 1902, 41, 709) gives [Hg**][Cl’]= 
35x 10-8 [HgCl"] and [HgCl"}[Cl’]=28 x 10-°§ [HgCl,], whilst Sand 
(loc. cit.), correcting the interpretation of Sherrill’s results (Zeitsch. 
physikal. Chem., 1903, 43, 705), gives [HgCl’,]=11°5 x [HgCl, ][Cl’]. 
Also Leblanc and Noyes (Zettsch. physikal. Chem., 1890, 6, 329) 
showed that the formation of complexes with mercuric chloride 
did not affect the ionisation of hydrochloric acid; the complex 
HHgCl, is therefore as strongly ionised as hydrochloric acid. 

This made it possible to calculate the concentrations of the 
various mercury compounds, and, as ds/dt and the mean concen- 
trations of hydrogen ions, chloride ions, H,PO’, ions, and hypo- 
phosphorous acid molecules are readily obtained for each interval, 
a search was made for a rapid reaction which would satisfactorily 
account for the falling-off of the “ constant.” 

In the iodine series (Mitchell, loc. cit.), the very small concen- 
tration of the hypothetical H;PO, at time ¢ was denoted by y, 
and it was shown that this was being continually decreased owing 
to the reaction with iodine, and continually increased owing to 
re-establishment of the equilibrium H,PO,+H,0 == H;PO,: 
whence 

dy /dt=kl,h(l—«,)—k,hy,—ds/dt . ° (2) 
If now this hypothetical compound reacts with mercuric chloride 
as molecules, one has 2HgCl,+H;PO,—Hg,Cl,+H,PO,+2HCI or 


ds/dt=k,ya*, . ‘ ‘ - (3) 


a, being the active mass of the mercuric chloride: on elimination 
of y, and with certain approximations as before, one finds 
[1+ -rh,/a*,]ds /dt=kl,(1—«)hy, 

r being a constant. The application of this formula failed to give 
consistent results with mercury in any form, and also failed if the 
reaction was supposed to be unimolecular with regard to mercury 
compounds, or if the hydrogen ions were assumed to catalyse the 
second reaction also. 

The slight dependence of the “ constant ” on the concentration 
of hypophosphorous acid (which was much more marked than in 
the iodine series) pointed to the possibility of this, or its active 
form, being bimolecular in the second reaction, and, after examining 
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several possible reactions, it was found that the only one to give 
any approach to consistent results, both in individual experiments 
and in all, was that involving one molecule of mercuric chloride 
as such and two molecules of hypophosphorous acid, which suggests 
the formation and rapid decomposition of an intermediate com. 
pound. This requires that 
ds/dt=k ya, . ; . (4) 

in place of (3). Elimination of y, between (4) and “@) produces 
a very complicated expression. After neglecting differentials of 
the second order and second degree (which have small coefficients 
and are of opposite sign), one obtains 


(ds /dt) /hl’,+-(r/ ,)V (ds/ dt)/ja—=k . - (5) 


v+rVhw/al’;=k . ; . (6) 
where /’,=1,(1l—«,) and v=(ds/dt)/h,l’,, r being, as before, a con- 
stant. This is also obtained more directly if one assumes that 
dy/dt=0, which is justified because y, is very small and its differ- 
ential is of a lower order of magnitude than ds/dt and the other 
terms in (2). This expression cannot be integrated, since @ is a 
complex function of A,, the total mercuric chloride, and therefore 
of s; but when r is put equal to 0°0014, it gives fairly concordant 
values for the intervals in each experiment, in spite of the fact 
that the error in determining ds/dt is considerable when a is small. 
This correction term is applied to the experiments in series B, and 
the mean constants thus obtained (as in Experiment X XVI, which 
is given as an example) are shown in Table III, where vo’ =rVhv/a', 
k’=v-+v’, and n represents the amount of mercuric chloride existing 
as the complex ion HgCl’, and not reacting, so that a,=A,—m. 


EXPERIMENTAL. 


The course of the reaction in series A was followed by alkali 
titrations. Since hypophosphorous acid behaves as a monobasic 
acid with either methyl-orange or phenolphthalein as indicator, 
whereas both phosphorous and phosphoric acids are monobasic 
with regard to methyl-orange and dibasic with regard to phenol- 
phthalein, it was expected that the use of these two indicators 
would accurately show the course of the reaction. With certain 
precautions this expectation proved to be correct. 

In following the reactions : 


(I) H,PO,-+2HgCl,+H,O=H,PO,+Hg,Cl,+2HCl 
(II) H,PO,+4HgCl,+2H,0=H,PO,+2Hg,Cl,-+4HCl, 


and 
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if 1 is the original titre of the hypophosphorous acid with regard to 
both indicators, after an amount s has been oxidised, one would 
have titres as follows: for reaction (I) only, /+2s (methyl-orange) 
and 1+-3s (phenolphthalein); for reaction (II), 1+4s (methyl- 
orange) and J-+-5s (phenolphthalein). In all the experiments the 
increase in the methyl-orange titre was, within the limits of experi- 
mental error, equal to two-thirds of the increase in the phenol- 
phthalein titre up to the point where reaction (I) was complete ; 
a very slow subsequent change in the sense of reaction (II) was 
then just perceptible. The oxidation to phosphoric acid was there- 
fore negligible under the conditions of experiment. 

An acid solution of mercuric chloride may be titrated by sodium 
hydroxide, using methyl-orange as an indicator, without the forma- 
tion of a precipitate, but before the hydrogen-ion concentration is 
reduced to that corresponding to an end-point with phenolphthalein, 
aprecipitate is formed. In titrating the reaction liquid the presence 
of the precipitated mercurous chloride did not obscure the end-point 
with methyl-orange, but when this had been determined an excess 
of strong potassium iodide solution was added and the resulting 
mercury was rapidly deposited as a grey powder, leaving a clear pale 
yellow liquid in which the end-point with phenolphthalein could 
easily be seen. The addition of the potassium iodide stopped the 
raction completely, and blank experiments showed that it did not 
affect the result in any way; owing to the pale yellow colour pro- 
duced, the potassium iodide could not be used to stop the reaction 
in the first place, before the titration with methyl-orange, but the 
neutralisation of the hydrogen ions effected this sufficiently quickly. 

Various test experiments led to the following conclusions. (a) The 
accuracy of the indicator scheme outlined was tested on solutions 
of the three acids separately. (b) The possibility of alternate 
formation and reduction of phosphoric acid was excluded by a 
trial on mixed solutions of hypophosphorous and phosphoric acids 
which did not vary in titre (using phenolphthalein) over a period 
of several days: any interaction would have increased this titre 
owing to the production of phosphorous acid at the expense of 
hypophosphorous acid. (c) In solutions neutral to methyl-orange 
the reaction was negligibly slow. (d) Reaction ceases completely 
when excess of potassium iodide is added, the resulting complex 
ion, HgI’’,, not being reduced perceptibly by hypophosphorous acid 
under the experimental conditions over a period of several weeks. 
() Under comparable conditions, phosphorous acid reduces mer- 
curic chloride at less than one-thousandth of the rate of reduction 
by hypophosphorous acid. (f) Mercurous chloride is not perceptibly 
teduced to metallic mercury under the experimental conditions. 

x x* 
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The stock solution of hypophosphorous acid was the same speci. 
men as that used in the iodine series (loc. cit.). It was chemically 
pure except for a small percentage of phosphorous acid, and, from 
analytical data (both volumetric and gravimetric) given previously, 
was found to be 5°25 molar with respect to the former and 0:2 
molar with regard to the latter. The presence of this phosphorous 
acid is allowed for both in the titrations and in the calculations of 
the hydrogen-ion concentrations. 

In series B a direct method of estimation of mercuric chloride 
was used. None of the standard volumetric methods for the 
estimation of mercuric salts is suitable for use in the presence of 
mercurous salts. For this reason the reaction mixture was run 
into a slight deficiency of N/2-sodium hydroxide solution; the 
reaction was thereby nearly stopped, and 2 grams of sodium chloride 
were added, which served both to prevent an apparent “ lag” in 
the precipitation of mercurous chloride, noticed by Montemartini 
and Egidi (Gazzetta, 1902, 32, ii, 182), and also to inhibit toa 
sufficient extent a secondary reaction between alkali and mercuric 
chloride at the neutral point in titrations. The mercurous chloride 
was rapidly filtered and washed in a Gooch crucible, using a small 
circle of filter-paper instead of asbestos. 

Many of the published methods for the volumetric estimation 
of mercuric chloride were investigated, but few were found to be 
sufficiently accurate except under very restricted conditions as to 
concentration, neutrality, and presence of alkaline chlorides. The 
method ultimately adopted depends on the fact, first utilised by 
Rupp (Chem. Zeit., 1908, 32, 1077), that potassium cyanide, when 
added to neutral solutions of mercuric chloride, produces un-ionised 
mercuric cyanide, and the excess of the potassium cyanide can be 
accurately titrated with hydrochloric acid. It was feared that in 
very dilute solutions this method might fail to give good results 
owing to possible slight ionisation of the mercuric cyanide, but 
test estimations on 0°20 to 0°50 c.c. of M/5-mercuric chloride 
in 50 to 100 c.c. of water showed that the method was still 
accurate. 

The filtrate is exactly neutralised by sodium hydroxide using 
bromophenol-blue (tetrabromophenolsulphonephthalein) as indi- 
cator; a slight excess of N/10-potassium cyanide is then added, 
as shown by a pronounced deepening of the colour of the indicator, 
and this excess is titrated by N/10-hydrochloric acid to the same 
tint of indicator as obtained before the addition of the potassium 
cyanide. The direct titration with potassium cyanide using phenol- 
phthalein as indicator, as suggested by Rupp, was found not to 
give such good results. The use of methyl-orange gives similar 
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sults, but bromophenol-blue was preferred because it has almost 
he same effective range as methyl-orange and was found to be 
nore suitable for use in artificial light. Methyl-red was not so 
fective, as it is more sensitive to carbon dioxide and gives 
udefinite results in presence of phosphorous acid. Blank estima- 
ions showed that neither hypophosphorous nor phosphorous acid 
fected the result. 

The methods described agree closely, and almost identical results 
ere obtained for experiments VII and XXI, which are done by 
he different methods but are otherwise comparable. 

The reactions were carried out in stoppered, brown glass bottles 
in a thermostat at 25+-0°05°. The requisite volumes of M/5- or 
/10-mercuric chloride solution and standardised hydrochloric acid 
«lution (when used) were made up to 400 c.c. or 1000 c.c., and 
1013, 2°000, or 4:000 c.c. of stock hypophosphorous acid solution 
were added from standardised pipettes when the liquids had 
attained the temperature of the thermostat. From time to time 
ieinite volumes were withdrawn by a pipette, allowed to run into 
an equal volume of cold water, and treated as described in series 
or B. 

In the tables given, all concentrations are multiplied by 200 in 
wrder to avoid small decimals and the constants are in the same 
wits. At the head of the tables are shown, A—2s, the total mer- 
uric chloride concentration in moles per 200 litres; a, the mercuric 
tiloride which is not present as a complex; ¢, the time in minutes ; 
the amount of hypophosphorous acid oxidised ; 1—s, the amount 
rmaining; HCl, the total hydrochloric acid; H*,, the hydrogen 
ims derived therefrom, the degree of ionisation being taken from 
the data of Bray and Hunt (J. Amer. Chem. Soc., 1911, 33, 781); 
1, the degree of ionisation of the hypophosphorous and phosphorous 
ids, obtained by the graphical methods described by the author 
inthe case of the iodine series (loc. cit.); H’‘,, the hydrogen ions 
itived from these two acids, which is equal to l«; h, the total 
if the hydrogen ions; and (l—«,) the value of (1—«) half-way 
tough the period for which the constant, k, is calculated. The 
e of m, the coefficient of the change in h, is also given (see 
p. 1268). 

In those experiments in which sodium chloride is used, the con- 
‘atration of hydrogen ions is obtained by graphical methods 
Malar to those used in the case of hypophosphorous and hydro- 
thloric acids, but modified to allow for the fact that in the latter 
‘no allowance was made for the effect of the hypophosphorous 
acid on the hydrochloric acid, whereas in the case of sodium 
ttloride and hydrochloric acid there is a mutual influence. These 

x x*2 


1274 MITCHELL: STUDIES ON HYPOPHOSPHOROUS ACID. PART IZ. 


methods are based on the “total ion” hypothesis that “ the 
degree of ionisation of each salt in a mixture is the same as ina 
solution of the pure salt at the same total ion concentration” 
(Bray and Hunt, loc. cit.), and the data utilised are those of thes 
authors which, when extrapolated as required, agree well with 
those of Kohlrausch and Ostwald. 

Temperature Coefficient—An experiment (number XX XIII) was 
carried out at 15°. The constant obtained was 39°3 x 10~, and, 
as this experiment was otherwise identical with experiment XXII, 
which gave a constant of 128x10~, the temperature coefficient 
for ten degrees is 3°26, whereas the value obtained in the case of 
the iodine series was 3°14. 


Series A. 


The following twelve experiments were without initial hydro- 
chloric acid. Experiment II is given in detail and the others are 
summarised in Table I. 


EXPERIMENT II. 
(A=36°7; m=1°549.) 


a. ; . h. 1 ~Q@if- 
0°553 “8: 11°83 — 
0°535 “45 13°12 0°456 
0-495 “6 16°12 0-476 
0-461 “BE 20°04 0°495 
0°427 " 24°25 0°513 
0°388 , 30°72 0°539 
0°367 “8! 34°38 0°556 
0°353 “{ 37°23 §=0°5738 
0°344 *36 38°91 0°586 
0°338 . 40°14 0°606 

Mean 152 


~ 


aaawne * 


2s, in this and all other experiments, is obtained from two-thirds 
of the increase in the phenolphthalein titre ; 2s’ is similarly obtaine 
from the increase in the methyl-orange titre. The close agreement 
shows that the formation of phosphoric acid is negligible (se 
p. 1271). 

Certain experiments (chiefly duplicates) were done only in the 
initial stages, which were required for the early part of this work 
As these involved only two or three readings they are only givel 
half-weight in determining the mean and are indicated by ° 
asterisk. 
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TABLE I. 


H’,=A’,. m. kx105, 5x 105, 
11°83 (1°549) 137 
11°83 (1°549) 146 
11°83 1°543 152 

6-98 1-609 130 
6-98 (1°609) 130 
6°98 1-607 130 
6-98 (1-607) 129 
11°83 1-528 141 
11°83 (1°528) 148 
11°83 (1°528) 144 
4-05 1-657 129 


be 
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Expt. A. 
*J]Ta 36°7 
*IIB 36°7 

IIc 36°7 
Il 37°1 
IIa 37°1 
VII 19°1 

*VIIa 19°1 

VIII 19-0 

sVIIIA 19°0 

VIIIs 19°0 

xX 38°3 
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The column 8 shows the maximum deviation from the mean in 
each case. 

The following seven experiments were with initial hydrochloric 
aid. Experiment IX is given in detail and the others in summary 
—Table II. 


EXPERIMENT IX. 
(A=19°08 ; m=1°645.) 


HCL is irr I a. 

11:20 10°50 0°495 
12°15 =11°36 =60°485 
15°43 14°35 0°463 
17°74 16°41 0°447 
21°20 19°50 0°425 
23°66 21°65 0°412 
26°18 23°98 0-400 
28°04 25°52 0°390 
29°65 26°89 0°383 


l—ay. kx 105. 


0- 
0: 


x 


SRSESRZSLS>r’ 


510 (112) 

521 = =125 
0°529 128 
0°540 134 
0°553 «132 
0°564 132 
0575 134 
0°588 123 

Mean 130 


SLA 
Co bo do OO 


Taste II. 


l. HCl. Ha. a. on h. m. kx105, 


10°30 11°10 10°41 0-500 ; 15°76 1°643 135 
10°30 5°77 5°48 0°555 . 11°42 1639 134 
10°04 9°44 8°88 0°513 . 14:24 1:667 116 
10°04 9°44 8°88 0°513 : 14°24 1647 119 
10°04 4°72 450 0°572 ‘ 10°47 1604 120 
10°04 4°72 450 0°572 , 10°47 1625 114 


Mean value of & for all experiments in series A, allowing only 
lulf-weight to those marked * =134x 10°. 


Serres B. 


Experiment XXVI is here given in detail, first according to 
formula (1), and then according to formula (6). 
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EXPERIMENT XXVI. 
(A=2°480; m=1°76.) 


a. 
0°725 
0-715 
0°706 
0°693 
0°680 
0°670 
0°665 
0°663 


. 
al 
= 
~ 
_ 


See Saeaens 3 
_> 
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l—ay. kx. 


0-280 = 104 
0°285 = 101 
0-291 102 
0-298 104 
0°302 = 103 
0°305 = 101 
0°307 98 
Mean 102 
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A-2s.  ¢. 5: fl wx 10% vx 105. x10 
2-480 228 202 0:26 


2-080 , 0°26 

1°692 7 0°24 

1202 3°2 0:20 =1°00 
0°648 4 . 0-12 0°53 
0°340 j 0-06 0°28 
0°130 y 0-02 «6Oll 
0°012 6 0-00 =6—0-01 

Mean 118 


As k is based on the small difference for the interval concerned, 
the divergences are naturally considerable, but would be muel 
smaller if an integrated expression could be used, as is seen by 
comparing the variations in v with those of its integrated equivalent 
k in the preceding table. The average values of A, I’, and a during 
the intervals concerned are used in calculating v and v’. 
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* Experiments indicated thus were in presence of N/2-sodium chloride. 
+ Experiment ‘o _ CR w “ » N/10- ,, ” 
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TaBLeE IV. 
Showing values of 2s for comparable solutions of mercuric chloride and 
iodine respectively at times t. 
EXPERIMENT VIII. 
(Mercuric chloride, A~19°0; /=20°6.) 


ts. tio- tis. tog. tos. t39- t35- 


1-68 (3°5) (5°5) 7°63 (10:0) 12°62 (14°8) 


EXPERIMENT II. 
(Iodine, a=9-8; 1=20-6.) 


t;. tio: tis. too. tos. tsq. tgs. tag: 
1:80 3°64 5°60 7°82 10°04 12°44 14°82 17°12 


Values in brackets are interpolated from a smoothed curve. 
(Two molecules of mercuric chloride are equivalent to one of 
iodine in their action on hypophosphorous acid.) 


Summary. 


1. The measurable velocity of the reaction between hypo- 
phosphorous acid and mercuric chloride, if the solutions are not 
too dilute, is independent of the concentration of the latter, as in 
the analogous reaction with iodine, and is due to the re-establish- 
ment of equilibrium between hypophosphorous acid molecules and 
the hypothetical “‘ active ” form, H,;PQ3. 

2. This change is catalysed by hydrogen ions, and the reaction 
is therefore autocatalytic. 

3. This is followed by a rapid reaction which can only be detected 
at low concentrations. The evidence is strong, but not quite con- 
clusive, that this reaction takes place between one molecule of 
mercuric chloride (and not of its ions or possible complexes) and 
two molecules of “‘ active ’’ hypophosphorous acid. 


University oF LONDON, 
South KeEnstneton, 8.W. [Received, June 16th, 1921.] 
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CXLIV.—Negative Adsorption of Alkali Haloids by 
Wood Charcoal. 


By Atwyn PICKLES. 


ADSORPTION of salts from their aqueous solutions by means of 
charcoal is readily demonstrated, and it is also known that certain 
haloids are negatively adsorbed, that is, water, and not the solute, 
is removed by charcoal. 

The haloids usually adsorbed negatively are those of the alkali 
metals. The amount of negative adsorption depends on temperature, 
the kind of charcoal used, and also on the state of division of that 
charcoal. Coarse charcoals scarcely show the phenomenon, whilst 
very fine powders do so to a remarkable degree. The charcoal used 
in the following experiments was birch charcoal in a very fine state of 
division. It had been prepared during the war for use in the newer 
types of gas masks and was therefore of a highly specialised nature. 

N/10-Solutions of the haloids were used and 5 grams of charcoal 
added to each 250 c.c. The flasks containing the solutions were 
suspended in turn in a water-bath and frequently shaken, while 
the temperature was gradually raised. Precautions were taken 
against condensation of water in the flask. As the temperature of 
the mixture increased, and immediately after shaking, portions were 
filtered off through warmed funnels, and on cooling the concentration 
of the haloid in the filtrate was determined by the silver nitrate- 
chromate method, NV/10- and N/100-solutions being used. For 
each salt, the same mixture, charcoal-haloid, furnished a series of 
readings; in other words, the same carbon was in contact with the 
same solution throughout the experiments. The temperature of 
the solution and the charcoal was not raised too rapidly, a series 
of readings from room temperature to 100° being taken during 
about half an hour. The charcoal was therefore in contact with 
the solution for about six minutes between each reading. 

The concentrations given below are expressed as the number of 
c.c. of N/10-silver nitrate required by 10 c.c. of filtrate at room 
temperature. 

Ammoniun Bromide. 


Temperature 26° 46° 64° 
Concentration .... . 10°24 10°26 10°43 


Ammonium Chloride. 
Temperature 28° 47° 72° 
Concentration ... F 10°1 10°2 10°4 
Lithium Chloride. 


Temperature 42° 62° 80° 
Concentration .... . 10°0 9°9 9°75 


ALKALI HALOIDS BY WOOD CHARCOAL. 


10° = 33° 42? —s«Q®—s«100° 
jy concentration. 103 101 1085 1060112 
S OY FF ovassium Chloride. 


Temperature 10° 29° 43° 60° 80° 
Concentration ... 10°71 10°04 10-1 10°2 10°25 
Potassium Iodide. 
Temperature 33° 36° 46° 
ns of Concentration ... ‘ 10°2 10°25 10°5 
artain HE Sodium Bromide. 
olute. Temperature 2 40° 80° 100° 
Concentration ... *82 10°58 10°88 10°97 
Ikal Sodium Chloride. 
alkali Bt Temperature 25° 49° 66°_s«100° 
iture, Concentration ... . 10-4 10°45 1006 10°9 
‘that Bf The results expressed graphically in the accompanying 
vhilst diagram. 
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The decrease at the beginning is probably due to diminishing 
surface effect owing to the lowering of the surface tension betwee 
the liquid and the charcoal surface. As the temperature rises 
however, the solvent opens up the complex interior of the charcoal 
by dissolving the oxidation products blocking the ends of the 
capillaries of the charcoal. More surface then becomes availabk 
and solute adsorption again occurs. This penetration effect with 
wood charcoals is often very great, as can readily be seen if exper. 
ments are made with the charcoals prepared for use in gas masks, 


Wyaceston Boys’ ScHoot, 
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CXLV.—On the Relation between the Occlusive Power 
of Palladium for Hydrogen and its Activity for 
Catalytic Hydrogenation. 


By Epwarp BRapDFoRD MAXxTED. 


In previous communications (T., 1919, 115, 1050; 1920, 117, 1280, 
1501; this vol., 225), it has been shown, first, that the occlusive 
power of palladium for hydrogen in the presence of occluded 
hydrogen sulphide varies linearly with the content of inhibitant, 
and, secondly, that the activity of platinum for catalytic hydro- 
genation is also a linear function, down to a certain point of 
inflexion, of the content of various catalyst poisons. 

If both the occlusive power and the catalytic activity are each a 
linear function of the same quantity, that is to say, of the content 
of a poison, it should follow from the laws of proportion that these 
two quantities, namely, the catalytic activity and the occlusive 
power, should also stand in a linear relationship to one another. 
Up to the present, however, the inhibitants and catalysts taken for 
occlusion measurements have not been identical with those employed 
for determinations of catalytic activity. In the present work, the 
same inhibitant, namely, lead, has been taken for each series. 


EXPERIMENTAL. 


For the determination of the influence of lead on the occlusion 
of hydrogen by palladium, the apparatus was of the same general 
character as that used for hydrogen sulphide (loc. cit.). The 
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palladium tube was, however, provided with an attachment, by 
means of which regulated small volumes of dilute lead acetate 
solution could be admitted to the palladium without admitting air. 
The palladium black was prepared from the oxide by reduction in 
the apparatus itself, and the electrolytic hydrogen used for the 
measurements was purified from oxygen by passage through a 
tungsten filament lamp, and then treated with soda-lime and 
phosphoric acid, as previously described. After each addition of 
lead, the palladium was carefully dried, and the moisture removed 
from the system by evacuation. 

It was found, as for hydrogen sulphide, that the influence of 
lead was twofold. In the first place, the occlusive power was 
depressed. In the second, the rate at which occlusion took place 
was found to be altered radically by relatively high concentrations 
of lead. 

Table I summarises the results of a series of measurements in 
the presence of various proportions of inhibitant. The occlusive 
power refers, as before, to the volume of hydrogen absorbed at 15°, 
the palladium being previously evacuated at 100° by means of a 
mercury pump until no further evolution of gas took place. All 
gas volumes are reduced to 0° and 760 mm. The weight of palladium 
was 0°288 gram in each case. 


TABLE I. 


Ratio gram- 
Lead content atom of Pb to Occlusive power 
of system 1 gram-atom C.c. of hydro- in c.c. of H, 
in milligrams. of Pd. gen occluded. per gram of Pd. 
0-0 ’ , 68°5 
73 ‘ f 63°2 
27°0 “O48 . 59°4 
59°5 ‘ , 48°3 
108-0 i . 28°8 


On plotting the lead content of the system against the occlusive 
power, a linear relationship between these two quantities is seen 
to exist, analogous to that previously observed for the inhibition 
of the occlusive power by hydrogen sulphide. With pure palladium, 
and with relatively low concentrations of lead, occlusion takes place 
apparently instantaneously. As the content of inhibitant increases, 
the absorption of hydrogen becomes slower, until with a ratio of 
0:19 gram-atom of lead to each gram-atom of palladium more than 
two weeks were required for the attainment of equilibrium. For 
this reason, measurements with a greater lead concentration were 
not carried out. 

The corresponding measurements of the degree of inhibition of 
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the catalytic activity of palladium by means of lead were carried 
out with the same apparatus as, and under similar conditions to, 
those previously used for platinum, the relative activity of the 
catalyst, in the presence of varied quantities of the inhibitant, being 
measured by the rate of hydrogenation of oleic acid in acetic acid 
solution at 50° and under atmospheric pressure. The lead solution 
employed was made by dissolving 0°0576 gram of pure lead mon. 
oxide in 50 c.c. of the purest glacial acetic acid. Part of this 
standard solution was still further diluted with acetic acid to one. 
tenth of its original strength, and thus corresponded with about 
0°11 mg. of lead per c.c. 

The mixture introduced into the shaking vessel for agitation 
with hydrogen contained in every case 3 c.c. of stock oleic acid, 
0°005 gram of palladium, a varying quantity of the lead solution, 
and sufficient glacial acetic acid to amount, with that added with 
the lead, to 9 c.c. of the solvent in all. 

The progress of absorption of hydrogen, in the presence of the 
quantities of inhibitant stated, is summarised in Table II. The 
volume of lead acetate solution has, for the sake of uniformity, 
been expressed throughout in terms of the number of c.c. of the 
more dilute solution (0°11 mg. of lead per c.c.), although for measure- 
ments in the presence of relatively high concentrations of lead, 
the stronger solution (1°1 mg. of lead per c.c.) was used. 


TABLE II. 


Lead con- 
C.c. of tent of 
standard system C.c. of hydrogen absorbed after 
lead solu- in milli- oe 1 Sa RITES his 
tion added. grams. lmin. 2mins. 3 mins. 4 mins. 5 mins. 10 mins. 
173°0 
138°5 
120°1 
97:2 
68-0 
60:0 
41-4 
31:7 
20°0 
13°4 
3°7 
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In accordance with the procedure previously adopted, the relative 
activity of the catalyst may be expressed by the relative initial 
rate of absorption of hydrogen under similar conditions. The graph 
representing the progress of the absorption with the time is slightly 
curved in form, and the initial rate is best obtained by differentiation 
from the equation to this curve, as was previously done. Table III 
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shows the relationship between the lead content of the system and the 
catalytic activity of the palladium. 


TABLE ITI. 


Lead content Ratio gram-atom _ Relative cata- 
of system of Pb to 1 gram- lytic activity 
in milligrams. atom of Pd. of palladium. 
0-0 
0°0057 
0°0113 
0:0170 
0:0226 
Point of inflexion 
0-0283 5 
0°0453 
0°0566 
0-085 
0-113 
0°226 


to 0 ore PS 


If the above figures be plotted graphically, it will be seen that 
the relationship is linear from the point corresponding with zero 
concentration of the poison up to a stage in which the greater part 
of the activity has been suppressed. In this region, a point of 
inflexion occurs below which the rate of decrease of catalytic 
activity, caused by the further addition of lead, falls off far less 
steeply than for the main linear portion of the curve. This result 
corresponds with those obtained with platinum in the presence of 
various inhibitants, save that the point of inflexion is here somewhat 
higher on the curve than was observed in the case of platinum. 

It will be noted that, although the catalytic activity, for the main 
portion of the curve, and the occlusive power for hydrogen, probably 
for the whole of the curve (compare the case of hydrogen sulphide), 
and certainly for the greater portion, are each a linear function of 
the content of an inhibitant, yet the slope of the linear graph con 
necting respectively the occlusive power and the catalytic activity 
with the content of inhibitant is not the same. It requires, for 
example, a ratio of 0°17 gram-atom of lead to 1 gram-atom of 
palladium to reduce the occlusive power to one-half of its original 
value, whilst, in order to reduce the catalytic activity to one-half, 
only about 0°02 gram-atom of lead to each gram-atom of palladium 
is necessary. It appears not improbable that the reason for this 
lies in the fact that, whilst occlusion of hydrogen is not confined to 
the surface only of the palladium, catalysis is mainly a surface 
phenomenon. This view is strengthened by the observation that 
the slope of the poisoning line for catalytic activity varies with the 
fineness of division of the catalyst, so that the same stock catalyst 
has to be used throughout the series of measurements, whilst the 
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poisoning coefficient for the inhibition of the occlusive power does not 
vary from preparation to preparation of the same metal, at any 
rate in the case of palladium. 


CHARLES STREET, [Received, June 20th, 1921.] 
WALSALL, STAFFs. 


CXLVI.—The Action of Sodium on Phenyl Acetate. 
By Witu1am Henry PERKIN, JUN. 


Many years ago (T., 1880, 37, 487), a paper on this subject was 
published by W. R. Hodgkinson and the author, and it was shown 
that among the products of this action were ethyl acetate, salicylic 
acid, and two crystalline substances («-), melting at 68°,* and 
(8-), melting at 138°, which, on analysis, gave results agreeing 
with the formule C,;H,,0, and C,,H,,0, respectively. It was 
suggested that these crystalline substances were possibly produced 
from an acetoacetic ester—presumably phenyl acetoacetate, 
CH,°CO-CH,°CO,°C,H;—but the study of Organic Chemistry had, 
at that time, not sufficiently developed to make it possible to 
determine the structure of these two substances. A recent perusal 
of the small paper seemed to the author to indicate that the results 
therein described were curious and interesting enough to warrant 
a more complete investigation of the matter, and this has now 
been carried out. 

A number of comparative experiments on the action of sodium 
on phenyl acetate have therefore been made, and these have con- 
firmed, in the first place, the original statement that ethyl acetate 
and salicylic acid are among the products of the decomposition. 
It has furthermore been established, by conversion into the p-bromo- 
phenylhydrazone, that acetone is a constituent of the low-boiling 
fraction of the products of the interaction. The formation of 
ethyl acetate under the strongly alkaline conditions which prevail is 
curious, and is possibly due to the reduction of part of the phenyl 
acetate to alcohol which, in the form of sodium ethoxide, at the 
high temperature of the reaction, may act on some of the phenyl 
acetate thus : 


* The melting point given is 48°, but reference to the original notes shows 
that this is a misprint for 68°. 
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The fact that salicylic acid, sometimes in quite considerable 
quantity, is always formed during the process seems at first remark- 
able, but its formation may be explained by a scheme which appears 
to be also essential to the explanation of other changes to be dis- 
cussed below. Judging from the analogy of the action of sodium 
om ethyl acetate, it may be assumed that the action of sodium on 
henyl acetate leads to the formation of the sodium derivative of 
phenyl acetoacetate, 
20H,CO,°C,H,,+2Na=CH,°CO-CHNa-CO,°C,H; + NaO-C,H; + H,, 
and it is unfortunate that all attempts to prepare phenyl aceto- 
acetate have so far been unsuccessful, but experiments with this 
object are being continued. At the high temperature of the inter- 
action it is not surprising that this substance does not remain, and 
it may well be assumed that the following intramolecular change— 
emparable with the formation of sodium salicylate from sodium 
phenylearbonate—takes place : 


ait a ONa 
4 00-CH,:COMe 


Sodium derivative of 
o-hydroxybenzoylacetone (I.) 


\\0-CO-CHNa-COMe 


The sodium phenoxide or other alkali present in large quantity 
may then decompose this substance with formation of salicylic 
aid and acetone, and it is significant that, as mentioned above 
acetone was always found as a constituent of the low-boiling products 
of the action of sodium on phenyl acetate. There remained still 
the explanation of the constitution and mechanism of formation 
of the two crystalline substances «- (m. p. 68°) and 8- (m. p. 138°) 
described in the earlier communication (‘T., 1880, 37, 489), and this 
was rendered difficult by reason of the small quantities—often less 
than 1 per cent.—of these substances which are produced during 
the action of sodium on phenyl acetate. Several grams of the 
substance «- were, however, collected and carefully purified, when 
itwas found that the melting point is 71°, and not 68°, and that 
the substance has the formula C,,H,O,, and not C,;H,,03, as 
siggested in the earlier paper. A careful investigation ultimately 
‘tablished the fact that it is 2-methylbenzo-;-pyrone, identical 
vith the substance produced when o-methoxybenzoylacetone is 
boiled with hydriodic acid (Block and Kostanecki, Ber., 1900, 33, 


1999) ; 
(\co—CH, _. 
OMe CO-CH, 


2-Methylbenzo-y-pyrone. 
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The formation of this substance during the action of sodium m 
phenyl acetate may be explained by the conversion of the sodium 
derivative of phenyl acetoacetate into the sodium derivative of 
o-hydroxybenzoylacetone (see above) and subsequent internal 
condensation with elimination of sodium hydroxide : 


( co— 
\_ /ONa CO-CH, 


The second crystalline substance, 8-, obtained from the product off: 
the action of sodium on phenyl acetate, was found to melt at 142°, 
or rather higher than previously stated (138°; loc. cit., p. 489), 
and a close study of its properties described in the experimental 
section ultimately led to the discovery that it is 1-hydroxy-3- 
methylxanthone. 

An examination of the literature showed that this substance 
had already been described by Michael (Amer. Chem. J., 1883, 5, 
95), who obtained it by the condensation of orcinol with salicylic 
acid in the presence of zinc chloride : 


HO/ ia: el ( ‘Me 


(2 + q 
oo.n Aoo/\Z 
OH 
It is stated to crystallise in ae needles and melt at 140°. 

For the sake of comparison with the substance C,,H,,0, 
1-hydroxy-3-methylxanthone was prepared by Michael’s process, 
and it was soon clear that the substances are identical. 

The mechanism of the formation of this substance from phenyl 
acetate by the action of sodium is probably the following : 

The sodium derivative II, which is assumed to be produced 
(p. 1285) as an intermediate step in the formation of 2-methylbenzo- 
y-pyrone, reacts with a second molecule of phenyl acetoacetate, 
yielding the second intermediate stage (III), and this then undergoes 
a double internal condensation and is converted into 1-hydroxy-3- 
methylxanthone : 

/~N_/ONa 
| +C,H,-0O-CO-CH,-COMe=C,H;-ONa+ 
\ / CO-CH,"COMe 

(II.) 


» Me 


0 CH 
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In addition to the above, two substances, not previously 
observed, are produced during the action of sodium on phenyl 
yetate and these are dehydracetic acid and a substance (called +) 
of the formula C,,H,O,. The formation of dehydracetic acid is 
additional evidence that phenylacetoacetate, CH,*CO-CH,°CO,°C,H,, 
isa product of this decomposition, since this substance might be 
expected to decompose readily with formation of dehydracetic 
aid under the high temperature conditions prevailing. The sub- 
dance (y), C,,H,O,, is produced in such very small quantity that 
its constitution could not be determined, and this is the more 
wfortunate as it exhibits some remarkable properties. It melts at 
37°, and although it has acid properties and can be approximately 
titrated with N/10-sodium hydroxide, it does not appear to be a 


Y~ Burboxylic acid. It yields sparingly soluble sodium and potassium 


ierivatives and is very readily converted by the action of ammonia 
into a sparingly soluble substance, C,.H,,0,N, which melts at 237° 
ind appears to be produced according to the equation : 


The insolubility of this substance in dilute alkalis seems to 
indicate that the substance (y) cannot contain a carboxyl group. 

Possibly the substance (y) is allied to dehydracetic acid, and this 
rather indicated by the fact that, like the latter, it yields a deep 
ange coloration with ferric chloride. 

Itis suggested that the substance (y) may be a y-pyrone derivative 
ind have the constitution IV. 


O 
o( }e "A (Ce 4 3@ ° 
C,H,°O C C OH C,H, eS CO-CH, 


HO Jel some * 
(IV.) 


This substance might be produced from the product of the 
ndensation of phenyl ethyl malonate and phenyl acetate 


(,H,0-CO-CH,-CO,Et+CH,-CO,°C,H,= 
C,H,"O-CO-CH,CO-CH,CO,-C,H, 


iy the elimination of phenol. Another possibility is that the 
ubstance (y) is closely allied to the lactone (V) of o-hydroxy- 
lenzoylacetoacetic acid (m. p. 132°), which is obtained when 
»acetoxybenzoy]l chloride reacts with the sodium derivative of ethyl 
wetoacetate (D.R.P., 102746, 1898. Chem. Zentr., 1899, [ii], 408). 
h either case, the curious behaviour of the substance (y) towards 
‘umonia is difficult to explain. Experiments are in progress with a 
"ew to the synthesis of substances of the types indicated above, 
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and it is hoped in this way that the identity of the substance ()) 
may be revealed. 


EXPERIMENTAL. 


The Action of Sodium on Phenyl Acetate. 


The phenyl acetate employed in these experiments was prepared 
from pure phenol and excess (70 per cent.) of freshly distilled acety| 
chloride by simply heating them together for about an hour; the 
product was twice fractionated, when the acetate distilled a 
194—196° (uncorr.). In the first of the experiments, the decom. 
position of the pheryl acetate by sodium was carried out in the 
manner described in the earlier paper (loc. cit.) and the formation 
of ethyl acetate in small quantities and also of considerable quantities 
of salicylic acid was confirmed. As, however, the main object 
of the investigation was the determination of the nature of the 
substances a- (m. p. 68°) and 8- (m. p. 138°), which are, in the 
most favourable circumstances, both formed in yields of not more 
than | per cent., a modification of the conditions of the interaction 
was made which allows of considerable quantities of material 
being worked up rapidly. 

Sodium (15 grams) was granulated by heating under boiling 
toluene and shaking vigorously, the toluene decanted, and phenyl 
acetate (95 c.c.) added. The flask containing the mixture wa 
fitted with a rather wide tube, 3 feet in length, and bent so that 
half of it acted as a reflux condenser and the other half, connected 
with a water condenser, served to condense phenyl acetate and 
other volatile products which might distil over. On warming on 
the steam-bath, action soon commenced and the temperature rost 
rapidly until the mixture was in brisk ebullition and liquid distilled 
into the receiver. When the process had subsided, the dark brow 
mass was mixed with alcohol and heated on the steam-bath unti 
unchanged sodium had been removed, excess of hot dilute hydro; 
chloric acid was then added and the dark oil washed several time: 
with hot water.* The moist oil was then rapidly distilled unde 
100 mm., when large quantities of phenol passed over below 13 
and, after redistillation, crystallised in the receiver. 

The remaining oil was then fractionated under 10 mm. al 
three principal fractions collected, namely, A (b. p. 130—170’} 
B (170—220°), and C (220—270°); these were approximately 0 


* If this mass is extracted with dilute ammonia, salicylic acid is precipitate 
on the addition of hydrochloric acid to the alkaline extract. 

In one experiment, 6 grams of this acid were obtained from the decom 
position by sodium of 100 grams of phenyl acetate, but the quantity 
usually not more than 3 grams 
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equal size and they together made up about 15—20 per cent. of 
the phenyl acetate employed. 


2.Methylbenzo-y-pyrone, Dehydracetic Acid and the Substance (y), 
C,,H,0,, of m. p. 137°. 


The fraction A, boiling at 130—170°/10 mm., yielded on repeated 
fractionation a pale yellow oil which distilled at 140—160°/8 mm., 
and this, on standing in the ice chest, became semi-solid owing to 
the separation of needles. The whole was filtered with the aid of 
the pump, the residue washed with a little light petroleum, and 
recrystallised from this solvent, from which it separated in striated 
prismatic needles melting at 108—109°, and this substance was 
readily identified as dehydracetic acid (Found: C=56°8; H=4°7. 
(ale., C=57°1; H=4°8 per cent.). The oily filtrate, which gave 
a deep sage green colour when ferric chloride was added to its 
alcoholic solution, was dissolved in ether and the etheral solution 
repeatedly extracted with aqueous potassium carbonate (M) until 
it gave no coloration with ferric chloride; it was then fractionated, 
and distilled almost completely at 145—147°/10 mm. On keeping, 
this oil became semi-solid and, after filtering with the aid of the 
pump, the crystals were drained on porous porcelain and repeatedly 
crystallised from light petroleum (b. p. 70—80°), in which the 
substance is sparingly soluble and from which it separates in long 
needles resembling phthalic anhydride. It then melted at 69—70° 
(Found: C=75'1; H=5-2. Cy, )H,O, requires C=75°0; H=5°0 
per cent.). 

The substance «-, described in the earlier communication (loc. cit.), 
melted at 68° and gave C=75'1, 74°55; H=5-3, 5-4 per cent., and a 
direct comparison showed at once that it is identical with the 
substance of m. p. 69—70° obtained as just described. 

It is explained in the introduction that this substance is identical 
with 2-methylbenzo-y-pyrone, which Block and Kostanecki (loc. 
cit.) obtained from o-methoxybenzoylacetone, 

CH,°O-C,H,°CO-CH,°CO-CH,, 
by boiling with hydriodic acid, which they describe as melting 
at 70—71°. Both specimens show the characteristic reaction 
described in the earlier communication (loc. cit., p. 489), namely, 
an intense carmine coloration which develops on warming with 
methyl-aleoholic potassium hydroxide, and an intimate mixture 
of the two preparations was found to melt quite sharply at 69—70°. 

The potassium carbonate extract (M, see above) was acidified 
and extracted with ether, the extract dried over calcium chloride 
and evaporated, when a syrup remained which soon crystallised. 
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The crystals were left in contact with porous porcelain until free 
from oily impurity and the colourless residue was crystallised from 
methyl alcohol,* when glistening needles were obtained which 
melted at 137° (Found: C=64:9; H=4:1. C,,H,O, requires 
C=64'7; H=3°9 per cent.). This substance (y)—the constitution 
of which is briefly discussed in the introduction, p. 1287—dissolves 
readily in warm dilute sodium carbonate solution or ammonia, 
but when it is mixed with rather concentrated sodium hydroxide 
solution, it does not dissolve but changes in appearance, yielding a 
sparingly soluble sodium derivative which dissolves readily in a 
few drops of boiling water and separates as a voluminous mass of 
needles. The substance (y) dissolves readily in methyl-alcoholic 
potassium hydroxide, and on cooling crystals of a sparingly soluble 
potassium derivative separate. An attempt was made to titrate 
the substance with N/10-sodium hydroxide, using phenolphthalein, 
at the temperature of the steam-bath, but the end-point was not 
very sharp; 0°3958 neutralised 0°0790NaOH, whereas this amount 
of a substance, C,,H,0,, combining with 1NaOH should neutralise 
0°0776Na0H. 

On acidifying the liquid from the titration, the substance (,) 
separated immediately in needles. The solution of this substance 
in methyl alcohol gives, on the addition of ferric chloride, a deep 
orange coloration closely resembling that produced by dehydracetic 
acid. It dissolves in concentrated sulphuric acid to a colourless 
solution, and there is no visible change on the addition of con- 
centrated nitric acid. The most characteristic property of the 
substance is its behaviour with ammonia. It dissolves readily in 
dilute ammonia and, if concentrated ammonia is then added and 
the liquid heated or evaporated, a very sparingly soluble substance 
separates as a mass of needles. This was collected, washed with 
water, and dried at 110°, when it melted sharply at 237°. It was 
insoluble in dilute sodium carbonate solution even on warming 
and was also insoluble in cold dilute sodium hydroxide solution, 
but on boiling it passed into solution with evolution of ammonia, 
and on acidifying a crystalline substance separated, the quantity 
of which was not sufficient for examination. The analysis of the 
substance of m. p. 237° gave C=65°2; H=4:°5; N=3-4, whevreas 
C,.H,,0,N requires C=64:9; H=4:2; N=3-4 per cent. 

This substance is therefore to be produced from the substance (y) 
according to the equation : 


2C,,H,0,+NH,=C,,H,,0,N+H,0. 


* The mother-liquors contain considerable quantities of salicylic acid 
and a small quantity of dehydracetic acid. 
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oO. 
1-H ydroxy-3-methylxanthone, | : 
A\0o/ 6, 


When the portion of the product of the action of sodium on 
phenyl acetate boiling at 220—270°/10 mm. (p. 1288) was allowed 
to stand, it gradually deposited crystals, and crystallisation was 
greatly facilitated by dissolving the whole in three volumes of 
boiling methyl alcohol and allowing the solution to stand for a 
couple of days in the ice chest. The crystals were collected * and 
recrystallised from methyl alcohol, when lemon-yellow needles 
separated, which melted at 141°, and, as explained in the intro- 
duction (p. 1286), consisted of 1-hydroxy-3-methylxanthone (Found : 
(=74'5, 743; H=4°6, 4:5. Cale., C=74:3; H=4:4 per cent.). 

This substance is identical with the substance of melting point 
138° described in the earlier communication (loc. cit.), but the 
specimen was then obviously not quite pure, since the analytical 
figures (C=73°5; H=4°6) were inaccurate and the melting point 
was low. 1-Hydroxy-3-methylxanthone is very sparingly soluble 
in cold methyl alcohol and not readily so on boiling, but it is much 
more soluble in ethyl alcohol. It dissolves readily in boiling acetone, 
and crystallises splendidly from this solvent in glistening, pale 
yellow needles; it is also very soluble in benzene, but sparingly 
soluble in boiling light petroleum, from which it separates in colour- 
less needles. It is insoluble in, and is not coloured by, dilute 
ammonia, but is turned orange by sodium hydroxide owing :to the 
formation of the sodium derivative, which is very sparingly soluble 
even in boiling water. It dissolves in sulphuric acid to a bright 
yellow solution which does not appear to change on heating on 
the steam-bath. It does not yield a semicarbazone when semi- 
carbazide acetate is added to the alcoholic solution. Michael (loc. cit., 
p. 1286) has pointed out that 1-hydroxy-3-methylxanthone yields a 
colourless acetyl derivative (m. p. 152°) when it is digested with 
anhydrous sodium acetate and acetic anhydride, but the following 
experiment shows that the subs ance is not easily acetylated. It 
dissolves readily in acetic anhydride to a yellow solution, and if 
this is boiled for several minutes and then most of the acetic an- 
hydride distilled off, the liquid deposits yellow crystals which, 
after crystallisation from methyl alcohol, melt at 138—140° and 
consist of the unchanged substance. 

* A further quantity may be obtained by distilling off the methyl alcohol, 
fractioning the residue, collecting between 210° and 250°/10mm., and treating 


again with methyl alcohol, but, on repeating this process, a large amount 
of a viscid syrup is obtained which could not be made to crystallise. 
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The Potassium Derivative, C,,H,O,K.—It is mentioned in the 
earlier paper (loc. cit.) that the substance of melting point 138° 
yields a fine yellow, crystalline compound when it is warmed with 
alcoholic potassium hydroxide. In order to examine this char. 
acteristic derivative, hydroxymethylxanthone was dissolved in 
boiling methyl alcohol and methyl-alcoholic potassium hydroxide 
(25 per cent.) added to the saturated solution, when a deep orange 
colour immediately developed and crystals separated. The pre. 
cipitate was collected, washed with methyl alcohol, in which it is 
very sparingly soluble, dried at 100° and analysed (Found : C630; 
H=3:2; K=14°7. C,,H,O,K requires C=—63°6; H=3-4; K=154 
per cent.). 

This potassium derivative is very sparingly soluble even in 
boiling water, and is decomposed by dilute hydrochloric acid, 
with separation of hydroxymethylxanthone. 


Methyl Ether of 1-Hydroxy-3-methylxanthone. 


Considerable difficulty was experienced in preparing this substance 
owing to the fact that hydroxymethylxanthone is not readily 
methylated under the usual conditions. Thus the crystalline 
sodium derivative, suspended in methyl alcohol, may be boiled 
for hours with methyl iodide without apparent change. Methyl 
sulphate also does not readily react with the sodium derivative, 
but repeated treatment with methyl-alcoholic potassium hydroxide 
and methyl sulphate finally lead to the desired result. Hydroxy- 
methylxanthone (1 gram), suspended in methyl alcohol, was mixed 
with a solution of sodium hydroxide (2 grams) in methyl alcohol 
and then methyl sulphate (6 grams) added. After heating on the 
steam-bath for fifteen minutes, successive quantities of methyl 
alcoholic potassium hydroxide (25 per cent.) and methyl sulphate 
were added until the product was only faintly yellow. On adding 
water, a pale yellow, crystalline substance separated, which, since 
it gave in solution in methy! alcohol a deep green coloration with 
ferric chloride, clearly contained unchanged hydroxymethylxanthone. 
The whole was again treated with methyl-alcoholic potassium 
hydrox'de and methyl sulphate and the product collected, washed 
well, and crystallised several times from benzene, from which the 
methyl ether separated in colourless prisms melting at 152° (Found : 
C=748; H=50; MeO=12-2. C,;H,,0, requires C=75°0; H= 
50; MeO=12°9 per cent.). 

This methyl ether is sparingly soluble in methyl alcohol even 
on boiling and separates, on cooling, as a voluminous mass of 
colourless needles ; the methyl-alcoholic solution gives no coloration 
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on the addition of ferric chloride. It is readily soluble in benzene 
und separates in groups of needles, but it crystallises best from 
thyl acetate, in which it is rather sparingly soluble in the cold 
wut dissolves readily on boiling, and from which it separates as a 
felted mass of glistening needles. It dissolves in cold concentrated 
sulphuric acid with a deep yellow colour, the addition of nitric 
acid intensifies the colour, and after heating at 50° for a few minutes, 
jilution with water gives a deep yellow, crystalline precipitate of 
, mixture of nitro-derivatives. It is curious that the methyl ether 
isdecomposed by boiling with methyl-alcoholic potassium hydroxide. 

The solution in this reagent was at first colourless, but on boiling 
and concentrating gradually became deep orange and an orange 
substance separated in satiny needles. When this was collected 
and decomposed by dilute hydrochloric acid, it yielded 1-hydroxy-3- 
methylxanthone, which, after crystallising from methyl alcohol, 
melted at 141°. 

A small quantity of a colourless substance, contained in the 
ikaline solution, separated on acidification and gave in methy]l- 
ileoholic solution a purple-black coloration on the addition of ferric 
chloride. 


2- and 4-Nitro-1-hydroxy-3-methylxanthones, 


C5H,< 05 >CsHMe(NO,)-OH. 


|-Hydroxy-3-methylxanthone is very readily attacked by concen- 
trated nitric acid, especially on warming at 50°, and the best way to 
study the action is to use dilute nitric acid in the following manner. 

Tke substance (2 grams), ground to a paste with water (30c.c.), 
is gradually mixed with nitric acid (10 c.c.) and heated on the 
steam-bath, when action takes place slowly and is completed by 
the addition from time to time of equal parts of nitric acid and 
water. After two hours, water is added, the yellow precipitate 
collected, washed well, dried on porous porcelain, and boiled with 
alcohol, when a considerable amount remains undissolved and, 
ifter filtering off and washing with hot alcohol, this consists of the 
almost pure 4-nitro-derivative (m. p. 275°). 

The filtrate, on standing, deposits a small quantity of the 4-nitro- 
terivative and then, on concentrating and leaving, bundles of 
curved needles of the 2-nitro-derivative (m. p. 170°) separate. 
The mother-liquor from this substance gives, on further concen- 
tation, ochre warts which melt at about 117°, but this substance 
mixture was not further examined. 

4-Nitro-1-hydroxy-3-methylzanthone is characterised by being very 
‘paringly soluble in the usual organic solvents; it dissolves, how- 
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ever, appreciably in boiling methyl ethyl ketone or glacial acetic 
acid and separates in bright yellow lamine (Found: C=621. 
H=3'3; N=53. C,,H,O;N requires C=62°0; H=33; N=) 
per cent.). The solution of this substance in alcohol gives on the 
addition of ferric chloride a port wine coloration, and warming with 
methyl-alcoholic potassium hydroxide yields an orange, crystalline 
potassium derivative. The 4-nitro-derivative dissolves remarkably 
readily in cold concentrated sulphuric acid, apparently with the 
formation of an oxonium sulphate, since on adding an equal volume 
of water and heating a clear solution is obtained. The further 
addition of water produces a colourless, chalky precipitate which 
becomes yellow on boiling. The 4-nitro-derivative is insoluble in 
cold nitric acid, but dissolves on warming and, on boiling, oxidation 
takes place readily with formation of a brown solution, from which 
a yellow, crystalline acid separates on cooling. 

2-Nitro-1-hydroxy-3-methylxanthone is much more readily soluble 
in organic solvents than the 4-nitro-derivative, and separates from 
boiling acetone in voluminous masses of lemon-yellow needles 
(Found : C=62°3; H=3-4; N=5:2. C,,H,O;N requires C—62%; 
H=3°3; N=5-2 per cent.). The alcoholic solution gives, on the 
addition of ferric chloride, a deep claret coloration and methyl. 
alcoholic potassium hydroxide added to the alcoholic solution 
precipitates a sparingly soluble potassium derivative, which dis- 
solves in boiling water and crystallises in needles. 


The author is greatly indebted to Professor R. Robinson for 
several valuable suggestions made during the course of this research. 


Tse Dyson Perrins LABORATORY, 
OxForRD. [Received, June 7th, 1921] 


CXLVII.—The Doebner-Miller Quinaldine Synthesis. 


By Witu1am Hopson Mitts, Jonn Epmunp Guy Harris, and 
HERBERT LAMBOURNE. 


In the well-known Doebner and von Miller synthesis of quinaldine 
by the condensation of aniline with acetaldehyde under the influence 
of hydrochloric acid, the hydrogen produced according to equation 


C,H,N +2C,H,O=C, 9H,N+2H,0 +2H 


is generally supposed to be consumed largely in the production of 
tetrahydroquinaldine. We were therefore surprised to find m 


lution 
h dis- 


nn for 
earch. 


921] 


THE DOEBNER-MILLER QUINALDINE SYNTHESIS. 1295 


preparing a quantity of quinaldine by a method that was essentially 
that of Doebner and von Miller that very little, if any, tetrahydro- 
qunaldine was produced. The secondary bases, which were 
gnerated in considerable quantity and formed the chief con- 
stituents of the volatile by-products accompanying the quinaldine, 
contained, however, a compound which very closely resembled 
tetrahydroquinaldine in composition and general character. This 
substance, which formed about half the total quantity of the 
secondary bases, proved on investigation to be n-butylaniline. 

The process which we employed differed from that of Doebner 
and von Miller in that (i) commercial acetaldehyde was used instead 
of paraldehyde, the mixture being allowed to stand at 0° for half 
an hour before heating, and (ii) the heating was carried out in the 
presence of a certain amount of zinc chloride, a modification which 
was found to increase the yield of quinaldine. The resulting 
mixture of bases was treated with nitrous acid to separate the 
secondary bases as nitroso-compounds. The secondary bases 
regenerated from these were divided by fractional distillation into 
two fractions boiling at 204° and 236—237° respectively. The 
former was identified as monoethylaniline, which Doebner and von 
Miller had already recognised as a by-product of this reaction 
(Ber, 1884, 17, 1669). The latter we supposed would be tetra- 
hydroquinaldine. However, its crystalline derivatives were quite 
distinct from those of tetrahydroquinaldine; for example, the 
benzoyl derivative melted at 55°, whereas benzoyltetrahydro- 
qunaldine melts at 118°. Analysis pointed to the formula C,,H,;N, 
indicating that the base was probably either ethylaminoethy]- 
benzene or one of the butylanilines. It proved to be n-butyl- 
aniline, its crystalline derivatives showing exact correspondence 
vith those of a specimen of n-butylaniline prepared for comparison. 
The occurrence of this substance is easily explained; it is evidently 
formed by reduction of crotonylideneaniline, CH,-CH:CH-CH:N-C,H,, 
proceeding from crotonaldehyde formed by condensation of the 
acetaldehyde. 

When acetaldehyde is allowed to act on a solution of a primary 
‘romatic base in dilute hydrochloric acid, the ‘aldol bases,”’ dis- 
‘overed by von Miller and Pléchl (Ber., 1896, 29, 1467), are formed. 
These compounds, which result from the condensation of one 
nolecule of base and two of aldehyde with the elimination of water, 
were studied by H. O. Jones and a series of co-workers (‘T., 1910, 
97, 632; 1911, 99, 334; 1912, 104, 1376, 1389). As a result of 
these investigations, formule of the type 

CH(OH)-CH, 
Ar yH-—-GHMe 
VOL. CXIX. 
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were assigned to these compounds, and it was shown that, m 
heating alone or with acids, they lost water and were converted 
into a mixture of a quinaldine base with its tetrahydro-derivative. 

The aldol bases are therefore in all probability intermediate 
products in the quinaldine synthesis. When the decomposition o 
a compound of this type into a quinaldine base and water takes 
place in the absence of more reducible compounds, tetrahydr. 
quinaldine is formed in quantity. When, however, the aldol bas 
decomposes under the conditions of the quinaldine synthesis her 
described, the hydrogen given up is absorbed mainly by the Schiffs 
bases, ethylideneaniline and crotonylideneaniline, present in the 
reaction mixture, with the formation of ethylaniline and n-butyl. 
aniline, and the production of tetrahydroquinaldine, which can 
scarcely be supposed to be entirely suppressed, is relatively so small 
that we have been unable to isolate any of this base from the 
products of the reaction. 

The tertiary bases also contain a previously undescribed by- 
product, the formation of which affords some additional information 
regarding the processes taking place in this synthesis. This is 
6-ethylquinaldine. 

By distillation, the tertiary bases can be resolved into two frac: 
tions, the main quinaldine fraction boiling at 241—243° and a 
much smaller fraction boiling at about 280°, of which the main 
constituent is a base characterised by a sparingly soluble dichrom- 
ate. Analysis of this base pointed to the formula C,.H,,N, and 
the fact that no corresponding compound is formed when pars- 
substituted anilines, such as p-toluidine or p-phenetidine, are 
employed instead of aniline, together with the probability that 
acetaldehyde, like formaldehyde, would be capable of condensing 
with aniline in the para-position, suggested that it might be 6-ethyl- 
quinaldine. This view was confirmed by the result of oxidising 
the base with chromic acid; 2-methylquinoline-6-carboxylic acid 
was produced. The synthesis of 6-ethylquinaldine from p-amino- 
ethylbenzene was therefore undertaken, and on comparison of this 
substance with the base contained in the fraction boiling at 280° 
it was found that the two compounds were identical. It would 
thus appear that, whereas under the conditions of this synthesis 
the acetaldehyde for the most part attacks the amino-group of 
aniline, forming ethylideneaniline, crotonylideneaniline, the aldol 
base, etc., it also reacts to some extent with the hydrogen atom 
in the para-position of the benzene nucleus. Possibly the com- 
pounds CH,-CH(OH)-C,H,NH, and CH,:CH-C,H,NH, are the 
intermediate products to which the formation of ethylquinaldine 
is due. That such compounds should be produced by processes 
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amalogous to those which bring about the formation of diamino- 
diphenylmethane from aniline and formaldehyde is very probable. 
Their conversion, however, into 6-ethylquinaldine, which would 
involve the reduction of the vinyl to the ethyl group, would demand 
reducing agencies of considerable intensity, and this consideration 
suggests that the ethylquinaldine might rather be formed from 
theethylaniline present in the reaction mixture by a process involving 
condensation with acetaldehyde accompanied by intramolecular 
nigration of the ethyl group. It is proposed to investigate this 
question further. 


EXPERIMENTAL. 


Preparation of Quinaldine. 


Acetaldehyde (350 grams) in concentrated solution (about 
75 per cent.) was added slowly to a well-stirred mixture of aniline 
hydrochloride and hydrochloric acid prepared from aniline (300 c.c.) 
and concentrated hydrochloric acid (1200 c.c.) cooled in ice-water. 
After leaving for thirty minutes, zinc chloride (240 grams) was 
added and the solution was heated gently under reflux until the 
vigorous reaction began. When this had subsided, the liquid was 
boiled for four to six hours, poured on to excess of slaked lime, and 
the mixture distilled with steam until 12 litres of distillate had 
been collected. The crude oil (about 250 c.c.) was separated from 
the aqueous layer and the dissolved bases were extracted from the 
latter with a little chloroform. 


Separation of the Secondary Bases. 


The crude oil (500 c.c.) was dissolved in dilute sulphuric acid 
and a slight excess of sodium nitrite was added to the ice-cooled 
“lution. The secondary nitrosoamines which separated were at 
mee extracted with ether. The aqueous layer was then heated 
on the water-bath, made alkaline with sodium hydroxide, and the 
tertiary bases were distilled with steam. 

The secondary bases were recovered from the nitrosoamines by 
teatment in the usual manner with tin and hydrochloric acid. 
They were then fractionally distilled and thus separated into two 
approximately equal fractions, (a) ethylaniline, boiling at 204°, 
and (b) x-butylaniline, boiling at 236—237°. 


Identification of Ethylaniline. 


The following derivatives of the secondary base boiling at 204° 
were prepared by the usual methods and were found by careful 
‘omparison, and especially by the determination of the melting 

yy2 
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points of the mixtures, to be identical with the corresponding 
derivatives of monoethylaniline. 

p-Toluenesulphonylethylaniline (Found: S=11-76. Cale., §= 
11-64 per cent.).—Recrystallised from light petroleum, this pr. 
paration, the control preparation, and the mixture of the two 
melted at 68—69°. Since the melting point previously recorded 
for this compound was 87—88° (Otto, J. pr. Chem., 1893, [ii], 47, 
371), it appeared that we had obtained a new meta-stable form of 
the substance and further observations confirmed this. A specimen 
of melting point 68—69° which had been kept corked in a tube for 
about two years was fused by immersion in a bath at 74°. The 
tube was then opened and the liquid, still at 74°, was inoculated 
with a minute crystal of the form melting at 87—88° from a speci- 
men which had been prepared for us by Mr. A. S. Russell. It 
crystallised rapidly and completely, and as the temperature of the 
bath was gradually raised, melted again at 87—88°. 

Benzoylethylaniline (Found: C=80-1; H=6-7. Calc., C=80-0; 
H=6-7 per cent.).—The melting point of this preparation, of the 
control preparation, and of the mixture of the two was 54°. Hess 
(Ber., 1885, 18, 687) gives 60° as the melting point of benzoyl. 
ethylaniline. 


Identification of n-Butylaniline. 


The secondary base boiling at 236—237° had the composition 
of n-butylaniline (Found: C=80-67; H=10-1. Calc., C=80-53; 
H=10-06 per cent.). Its crystalline derivatives were found to be 
identical with those of a specimen of n-butylaniline prepared for 
comparison. 

Benzoyl-n-butylaniline (Found : C=80-42; H=7-70. C,,H,,0N 
requires C=80-57; H=7-50 per cent.).—This substance prepared 
from the by-product base, the control preparation from n-butyl- 
aniline synthesised directly from aniline, and the mixture of the 
two preparations melted at 55°. 

n-Butylaniline Hydrochloride——A solution of the base in one 
equivalent of hydrochloric acid was evaporated and the crystalline 
residue recrystallised from alcohol and ether (Found: HCl=19°8. 
C,9H,;N,HCl requires HCI=19-7 per cent.). The salt, the control 
preparation, and the mixture melted at 110°. 

n-Butylaniline Oxalate —This salt, the control preparation, and 
the mixture melted and decomposed at 146°. 

Tetrahydroquinaldine hydrochloride is considerably less soluble 
than the hydrochloride of n-butylaniline, and it was found compara- 
tively easy by fractional crystallisation from alcohol and ether to 
isolate the former salt from the hydrochlorides prepared from 
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ytificial mixtures of the two bases. A careful examination of all 
the higher fractions of the secondary bases (tetrahydroquinaldine 
wils at 250°) by this method failed to give any indication of the 
presence of tetrahydroquinaldine. 

A definite proof of the presence of this base among the secondary 
bases Occurring as by-products in the Doebner and von Miller 
gathesis of quinaldine appears not yet to have been obtained. 
Doebner and von Miller, in claiming to identify it, merely state 
(Ber. 1884, 17, 1669) that tetrahydroquinaldine “ wurde in Form 
giner Nitrosoverbindung, durch sein Verhalten gegen Eisenchlorid 
ind seine sonstigen Eigenschaften nachgewiesen.”” They found that 
trahydroquinaldine gave a red colour with ferric chloride. Freshly 
mepared -butylaniline gives a green colour with this reagent, but 
vith specimens of the base that had been kept a few weeks a red 
wlour was obtained. 


The Tertiary Bases. 


From one litre of crude quinaldine 630 c.c. of tertiary bases 
were obtained. These were found on fractionation to contain, 
sides quinaldine, a small quantity (about 7 grams) of a base 
oiling at 276—282°. The molecular weight of this base was 
fund by analysis of its platinichloride to be 176. The ethiodide, 
prepared by heating equimolecular quantities of the base and 
ethyl iodide under pressure at 100°, was found to contain 38-94 per 
wnt. of iodine, indicating a molecular weight of 170 for the base. 
It was therefore suspected that this fraction of higher boiling 
pint consisted chiefly of 6-ethylquinaldine, the molecular weight 
di which is 171. It was found that the base could be purified 
through its dichromate, which crystallised well from hot water 
(the solution should not be heated above 65°) and melted constantly 
at 134°. The base recovered from the dichromate had the com- 
position of ethylquinaldine (Found : C=84-:07; H=7-6; N=8-29. 
UyH,,N requires C=84:2; H=7-6; N=8-2 per cent.). On 
wxidation, it gave 2-methylquinoline-6-carboxylic acid, and was 
therefore 6-ethylquinaldine. A solution of the base (10 grams) 
in dilute sulphuric acid was heated for three hours on the water- 
bath with chromic anhydride (30 grams) dissolved in water (100 c.c. ) 
and sulphuric acid (40 c.c.) (compare Miller, Ber., 1890, 23, 2263). 
The chromic salts were removed by precipitation with ammonia 
and the filtrate was evaporated on the water-bath. The acid was 
deposited in crystalline crusts during the evaporation through the 
dissociation of its ammonium salt, and was purified by washing 
vith water and recrystallisation from alcohol. It consisted of 
ueedles darkening at 235° and melting at 260° (Found : C=70-5; 
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H=5-06. C,,H,O,N requires C=70-6; H=4-82 per cent.). The 
acid thus obtained agreed exactly in properties with a specimen of 
2-methylquinoline-6-carboxylic acid prepared by the oxidation of 
p-toluquinaldine (Miller, Ber., 1890, 23, 2263) and a mixture of the 
two preparations melted at 260°. 


Synthesis of 6-Ethylquinaldine. 


As 6-ethylquinaldine had not been previously described, its 
preparation from p-aminoethylbenzene and acetaldehyde was 
undertaken. 

To concentrated hydrochloric acid (136 c.c.) was added p-amino. 
ethylbenzene (49 grams) and then acetaldehyde (45 grams) in 75 per 
cent. solution, the mixture being kept cool with ice. After half 
an hour zine chloride (33 grams) was introduced and the solution was 
boiled under reflux for four hours. It was then diluted and made 
alkaline with sodium hydroxide and the bases were distilled with 
steam. The product left after removal of the secondary bases and 
any unchanged aminocthylbenzene with nitrous acid in the manner 
described above (p. 1297) was distilled and the ethylquinaldine was 
thus obtained as an oil boiling at 276—279° (uncorr.) ( Found: 
C=83-7; H=7-63. C,,H,,N requires C—84-16; H=7-65 per cent.). 

The boiling point observed for the base with the thread of the 
thermometer completely immersed in the vapour was 288°. The 
dichromate melts at 134° and a mixture of the dichromate from 
the base synthesised directly, and that from the ethylquinaldine 
isolated from the crude quinaldine melted also at 134°. Solutions 
of the base in hydrochloric acid give crystalline double salts with 
mercuric chloride and with zine chloride melting at 155° and 167° 
respectively. 

6-Ethylquinaldine Methiodide——Equimolecular quantities of the 
base and methyl iodide were warmed at 50° under reflux for four 
hours. The resulting solid yellow mass was recrystallised from 
rectified spirit. 'The methiodide was thus obtained in yellow needles 
melting at 214° [Found: I—40-55 (from synthetic base); 40-7 
(from by-product base). C,,;H,,NI requires I=40-57 per cent.]. The 
mixture of the methiodides from the two sources melted at 214°. 


Our thanks are due to Mr. G. N. Nicklin and Mr. W. N. Hoyte 
for valuable assistance in connexion with the preparation of 6-ethy!- 
quinaldine and the comparison of this compound with the tertiary 
base of high boiling-point contained in crude quinaldine. 


UNIVERSITY CHEMICAL LABORATORY, 
CAMBRIDGE. (Received, July 13th, 1921.] 
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CXLVIII.—The Preparation of some Allyl 
Compounds, 


By SAMUEL Correy and CHARLES FREDERICK WARD. 


For certain researches which are in progress in this laboratory the 
authors required considerable quantities of allyl chloride, and the 
present communication is the outcome of a study of the methods 
of preparing this compound. 

The well-known process of Tollens for the production of allyl 
ileohol (Annalen, 1870, 156, 129) is open to very serious objections 
and is probably based on a false conception of the reaction. A 
very large excess of glycerol is used and the amount of oxalic acid 
lost as carbon monoxide is also very large, consequently the yield 
is very poor. Chattaway (T., 1914, 105, 151; 1915, 107, 407) 
demonstrated that it was essentially by the decomposition of a 
lioxalin that allyl alcohol was produced and that the reactions 
between glycerol and oxalic acid appeared to be represented by the 
following scheme : 


(H,-OH CH,-0-CO CH,-0-CO 
I | | | I 
CH-OH CH-O-CO CH-O-CO 
| 
(H,-0-CO-CO,H (H,-OH CH,*0-CO-CO,H 
Jato) (L) {e259 (II.) | (110°) (IZI.) 
7 Y 
(Hy OH ’ CH,:0-CO 
| 
cHoH TOO: CH-0-CO 
CH,-O-CHO CH,-0-cHOT: 
| (240°) (IV.) Allyl alcohol. {2259 (V). 
CHy OH CH, 
4200, 
(HOH . og CH 
(H,-OH CH,-0-CHO 
Allyl formate. 


The oxalins I, II, and III are initially formed in varying propor- 
tions according to the conditions of the experiment. At higher 
temperatures (110°) the hydrogen oxalins give carbon dioxide and 
formins ([V and V). Dioxalin (II) and monoformin dioxalin (V), 
at higher temperatures still (220—225°), decompose into carbon 
tioxide and allyl alcohol and ally! formate respectively, whilst 
at still higher temperatures (240°) monoformin (IV) gives glycerol 


1302 COFFEY AND WARD: 


and carbon monoxide. Formic acid is produced by the action of 
an excess of oxalic acid on the formins and distils during the secon( 
stage of the reaction. From this it is apparent that a relative! 
large amount of oxalic acid must be used in the preparation of 
allyl alcohol. 

Chattaway (loc. cit.) drew these conclusions partly from 
study of the action of ammonia and aniline on the products off’ 
the reaction and partly from the properties of the ethyl oxalates 
the results of comparative experiments given below completely 
confirm the above scheme in every detail. 

The experiments also clearly demonstrated the four consecutive 
reactions, and it was possible to convert nearly the whole of the 
glycerol in one operation into allyl alcohol and to account fo 
more than 90 per cent. of the oxalic acid as free and combine 
formic acid, carbon dioxide, and water. The net loss, therefore 
is negligible. 

From the point of view of the student the usual methods of 
preparing formic acid and allyl alcohol are very uninteresting and 
unsatisfactory with regard to yield, time, and manipulation. Also 
the simple equation given in the text-books gives no clue as to where 
the loss occurs. 

The method given below would seem to be far superior to the 
old method as a laboratory experiment. In the course of one 
day the student could, in one operation, obtain about 40 grams 
of formic acid as an approximately 50 per cent. solution, and 
100 grams of pure allyl alcohol and at the same time follow the 
whole reaction and account for all his materials. 

Allyl chloride is by far the cheapest allyl haloid, but the methods 
of preparing it leave much to be desired. Eltekow’s method 
(J. Russ. Phys. Chem. Soc., 1882, 14, 394) is long and gives only 
a 50 per cent. yield, whilst the action of phosphorus trichloride on 
the alcohol gives mainly phosphorous esters and only 10—2 
cent. of allyl chloride. More recently, Bruylant (Rec. trav. chim., 
1909, 28, 247) has improved the preparation by heating allyl 
alcohol and hydrogen chloride under pressure, but he gives ne 
details of yield. Aschan (Finska. Chem. Med., 1918, 3 pp.) finds 
that allyl chloride is obtained in good yield from allyl formate 
and hydrogen chloride in the presence of anhydrous zine chlorideg* 
The authors’ experiments show that, in the presence of condensing: 
agents, the time of interaction of hydrogen chloride and ally 
alcohol may be considerably shortened, but as a rule the yield of 
allyl chloride is very little better than that given by the older 
methods. The only condensing agent which is of any practica 
use is zine chloride. 
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EXPERIMENTAL. 


Preparation of Allyl Alcohol, Allyl Formate, and Formic Acid. 


Pure, hydrated, finely divided oxalic acid (500 grams) and 
uhydrous glycerol (250 grams) are mixed in a litre flask which 
is connected with a condenser and receiver. The latter is con- 
nected with a water-pump and exhausted to about 120—100 mm. 
“Bthe flask is then gently warmed. At about 60° (thermometer in 
ihe liquid) the mixture boils vigorously, becomes homogeneous, 
Band water (more than 100 grams) distils. This is the first stage 
‘Rif the reaction, the formation of the oxalins I, II, and III, and 
usually takes one hour. The pressure then rapidly rises to 480 mm. 
and the thermometer remains stationary at 105—110° for some 
time. The vigorous ebullition ceases, a rapid effervescence of 
Sarbon dioxide sets in, and formic acid distils over with more 
water. There is no frothing if pure materials are used and the 
_gptessure is maintained below 500 mm. After one to one and a 
Jiulf hours, the pressure in the apparatus slowly fails to about 
10 mm.; this indicates the end of the second stage, namely, the 
production of formins IV and V from the oxalins by loss of carbon 
J iioxide and their subsequent decomposition into oxalins and formic 
aid by excess of oxalic acid. The temperature also rises to 190°, 
vhen distillation and evolution of gas almost cease. Quite sud- 
i (enly, at 195—200°, the pressure increases rapidly. The receiver 
is then changed and the distillation carried on at the ordinary 
pressure. Carbon dioxide is again rapidly evolved, contaminated 
vith some carbon monoxide and a negligible quantity of allyl 
Jiormate. Allyl alcohol and allyl formate distil over together and 
4 te temperature remains stationary at 225° until distillation ceases, 
showing the end of the third stage of the reaction. The tempera- 


nm. guue then rises to 240°, when there is a rapid evolution of almost 


jgoue carbon monoxide. The last reaction ceases abruptly after 
og ‘bout five minutes, and the colourless residue (80 grams) consists 
giglycerol. During the last two stages of the reaction the apparatus 
ould be connected with a wash-bottle containing water, and the 
uses led into an efficient draught-chamber. If the rate of decom- 


‘nog sition is allowed to become too rapid, a large amount of glycerol 


liable to distil over. It will be seen from the above description 

oft the changes on the manometer and the thermometer are 

«curate criteria of the transitions between the various stages of 

the reaction. 

To obtain pure allyl alcohol, the crude allyl alcohol-formate 

tixture (150 grams) is boiled under reflux with 750 c.c. of 10 per 
y y* 
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cent. sodium hydroxide solution for one hour and fractionated 
through a long column. All the allyl alcohol passes over below 
98° and the distillate is dried with small quantities of anhydrous 
potassium carbonate. It is then distilled and should give 100 grams 
of pure allyl alcohol, b. p. 95—97°. 

To obtain allyl formate, the crude allyl alcohol-formate mixture 
is washed several times with small quantities (20 c.c.) of water to 
remove allyl alcohol, and the insoluble ester dried over anhydrous 
calcium chloride. This on distillation gives a yield of pure ester, 
b. p. 82—83°, corresponding with 70 per cent. of the crude alcohol- 
formate mixture. The washings may be worked up for allyl alcohol 
in the usual manner. 

Allyl formate may also be obtained by fractionating the crude 
product several times, but in this case only a 50 per cent. yield 
can be obtained. The formic acid in the first aqueous distillate 
(stages I and II) may be recovered either as a formate or as formic 
acid in the usual manner. 

Thus, in one operation, 40 grams of formic acid and 100 grams 
of pure allyl formate, or about 100 grams of allyl alcohol, can 
be obtained from 250 grams of glycerol and 500 grams of hydrated 
oxalic acid.* The residue of glycerol (80 grams) is quite suitable 
for further use. 

The following table gives the results of comparative experiments 
performed exactly as described with different initial concentrations 
of glycerol and oxalic acid. It will be seen that these results are 
in complete accord with those required by the above reaction 
scheme, and may be summarised as follows. 

1. The yield of allyl alcohol calculated on the glycerol actually 
used is always nearly theoretical. 

2. As the amount of oxalic acid increases, the yield of allyl 
formate in comparison with allyl alcohol also increases. This is 
to be expected, because the larger amounts of oxalic acid are 
favourable to the production of dioxalin hydrogen oxalate (II]), 
as is readily shown by a comparison of the amount of the alcohol- 
formate mixture with the yield of allyl formate. This was actually 
proved by isolating the allyl formate. 

3. With increase of oxalic acid, the amount of free formic acid 
increases. 

4. With increase of oxalic acid, the amount lost as carbon mon- 
oxide is diminished. This passes through a minimum in expeti- 


* There is no necessity to use anhydrous oxalic acid in the above pre 
paration (see Chattaway, loc. cit.), as all the water of crystallisation distils 
over during stages I and II. This effects a saving of several hours in the 
duration of the experiment. 
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ment 4, as in experiment 5 the loss increases again. In this 
aperiment the amount of oxalic acid is relatively very large, and 
yo doubt di- and tri-hydrogen oxalins would be produced in 
appreciable quantities, giving the corresponding formins and ulti- 
nately glycerol and carbon monoxide. 


Results of Comparative Experiments. 
‘ 2. 3 4. 5. 
Grams. Grams. Grams. Grams. Grams. 
Glycerol taken 3f 200 
Qxalic acid taken ... 27% 3f f 500 
Alcohol-formate mix- 

i ee Se 110 
Allyl alechol 55 35 9: 80 
Free formic acid q 25 36 42 
Glycerol recovered ... 215 : 60 


Percent. Percent. Percent. Percent. Per cent. 

Percentage of oxalic) 

acid lost after calcu- 

lating for free and; 50 30 28 10 20 
combined formic 

acid, CO, and H,O 

Percentage of formate 

in alcohol-formate;- 35 40 60 70 75 
mixture J 

The amount of carbon monoxide was relatively much larger 
vith smaller amounts of oxalic acid. The quantitative results are 
wt given, but it may be stated that in experiment 3 the ratio 
(0:CO, rapidly exceeded unity, whilst in experiment 4 this ratio 
vas not reached until all the allyl alcohol had distilled. In 
periment 5 the amount of carbon monoxide was larger for the 
rason already given. 


Preparation of Allyl Chloride. 


The best results were obtained as follows : 

Allyl aleohol (46 grams) and anhydrous zine chloride (20 grams) 
vere mixed in a distillation flask immersed in a water-bath at 
182°, and hydrogen chloride was passed into the mixture. The 
fs was rapidly absorbed and a liquid distilled. The end of the 
action was indicated by hydrogen chloride issuing from the end 
ifthe condenser. The crude distillate gave on fractionation : allyl 
thloride (35 grams) corresponding with a 60 per cent. yield, and 
grams of diallyl ether, b. p. 90—95°. The experiment required 
oly half an hour. 

With aluminium chloride (anhydrous) alone, allyl alcohol reacts 
“ vigorously, giving very little allyl chloride and a large tar-like 
Residue. 

su"s 
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When calcium chloride and allyl alcohol are mixed, an additive 
compound is obtained, which, when heated at 80—90° in a stream 
of hydrogen chloride, gives a product boiling at 90—92°. This is 
probably diallyl ether, and contains only a trace of chloride. 

Aschan’s method (loc. cit.) for the formation of allyl chloride 
was tried, but although the yield on the ester actually used is 
80 per cent., the reaction is extremely slow, and it is advantageous 
to prepare the alcohol and then use the method given first in this 
paper. An experiment was made by saturating allyl alcohol in 
the cold with hydrogen chloride in the presence of zine chloride. 
The yield was not improved, however, and the ‘reaction required 
a long period for completion. 


One of us (C. F. W.) wishes to express his indebtedness to the 
Department of Scientific and Industrial Research for a grant which 
is enabling him to carry out these investigations. 

One of us (S. C.) makes acknowledgment to the Royal Con- 
missioners for the 1851 Exhibition for the grant of a research 
scholarship. 


CHEMICAL DEPARTMENT, 
UnNIveRsIty CoLLEGE, NOTTINGHAM. [Received, June 23rd, 1921.] 


CXLIX.—Linolenic and Hexabromostearic Acids and 
some of their Derivatives. 


By SAMUEL CorFrey. 


DurinG an investigation on the oxidation of linseed oil it was 
desired to prepare pure linolic and linolenic acids just as they 
occur in the natural product. 

It is doubtful whether pure linolic acid has ever been isolated. 
Hazura (Monatsh., 1887, 8, 260) prepared the corresponding tett- 
hydroxy-acid which was used by Goldsobel (J. Russ. Phys. Chem. 
Soc., 1906, 38, 904) in his researches on linolic acid, and Haz 
and Griissner (Monatsh., 1888, 9, 180) reduced the tetrabromide 
to a “linolic”” acid which Rollet (Zeitsch. physiol. Chem., 190° 
62, 410) has shown to be a mixture of several isomerides. No 
method can be found in the literature of isolating this acid by 
means of its salts, and according to Lewkowitsch the only definitely 
crystalline salt is the zine salt. Fernsteiner states that bariull 
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linolate, unlike the oleate, is soluble in dry benzene, but Lewkowitsch 
questions this. 

In the case of linolenic acid, Erdmann and Bedford (Ber., 1909, 
42, 1324) showed that the product of the action of zinc on linolenic 
acid hexabromide was a mixture of «- and @-linolenic acids, although 
only the «-modification occurs naturaliy. More recently, however, 
the former investigator (Zeitsch. physiol. Chem., 1911, 74, 179) 
claims to have prepared pure «-linolenic acid by fractional crystal- 
lisation from aleohol of the zinc salts of the liquid fatty acids of 
linseed oil. The zine salt obtained, (C,gH.90.).Zn,3ZnO, melted 
at 72—73° and the yield was nearly theoretical, corresponding 
with 18 per cent. of linolenic acid in the liquid fatty acids. 

Although ten separate attempts have been made by the author 
to repeat these experiments, in no case was he able to isolate pure 
zine linolenate. The whole experimental evidence seems to show 
that the differences in solubility of zine linolenate and zinc linolate 
are not nearly so marked as stated by Erdmann; in fact, the most 
soluble product is a mixture consisting principally of zinc linolate. 

In the literature, the melting point of hexabromostearic acid is 
given as 177° (Hazura), 179° (Erdmann and Bedford), 180—181° 
(Hehner and Mitchell), and 181—182° (Rollet), but, as far as can 
be ascertained, the product has never been submitted to a careful 
purification by crystallisation. 

Since «-linolenic acid has the constitution 


C,H, -CH:CH-CH,:CH:CH-CH,-CH:CH-[CH,],-CO,H 


and gives on oxidation two hexahydroxy (linusic)-acids, it appeared 
tot improbable that more than one hexabromo-acid would be 
produced. The results given in this paper, however, show no 
evidence of the presence of more than one hexabromostearic acid 
in the additive product. 


EXPERIMENTAL, 
Fractional Crystallisation of the Mixed Zine Salts. 


In most of the experiments the liquid fatty acids obtained from 
10 grams of the original fatty acid mixture by freezing in light 
petroleum to — 18° were converted into their zinc salts by trituration 
vith basic zine carbonate or oxide. The mixed zine salts were 
then extracted once or several times with 250 c.c. of hot alcokol 
and the solution was allowed to crystallise by cooling. The most 
‘wluble part, crystallising out below 30°, usually had a melting 
point of 72—75°; it was redissolved and crystallised several times, 
the most soluble part only being taken. The final product (a) 
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melted at 75°5—76°5°, crystallised in aggregates of needles, and 
appeared to be perfectly homogeneous; it gave a mixture of acids 
(d’ 0°899) which afforded only 14 per cent. of hexabromide. The 
salt contained only 10°5 per cent. of zinc (basic zinc linolenate requires 
14°7 per cent.). The more sparingly soluble fractions gave 4 
product (6) melting at 71—73°, which contained nearly 10 per cent. 
of linolenate and 10°5 per cent. of zinc; it appeared to be a mixture 
of constant melting point. The acids obtained from it had a 
density, di" = 0-900. 

In one case, the zine salt in the original extract was crystallised 
nearly thirty times and the same fractions were obtained as before, 
namely, (a) most soluble, m. p. 75—76°5°, 9 grams, (b) m. p. 71—73°, 
5 grams, from an original extract of 30 grams melting at 71—74°. 
It was also found that after 100 grams of zinc salts had been extracted 
three times with 300 c.c. of alcohol, the product extracted in a 
fourth operation still contained an appreciable quantity of lino- 
lenate, and even the most soluble salt from the mother-liquors 
proved to be a mixture. 

On theoretical grounds Erdmann’s results seem to be untrust- 
worthy; he has extracted a mixture of compounds with alcohol, 
and claims to have isolated the most soluble component in a pure 
state by fractional crystallisation; which is certainly contrary to 
general practice. Since the above experiments show that the 
linolate is apparently very soluble, Erdmann’s conclusions cannot 
be accepted. 

With regard to the mixture of «- and £-acids obtained from the 
hexabromide, the author is able to confirm all the facts given by 
Erdmann and Bedford (loc. cit.). 


Hexabromostearic Acid and its Salts. 


Hexabromostearic acid was prepared from the mixed acids 
obtained from linseed oil by Erdmann and Bedford’s method 
(loc. cit.). It was almost insoluble in hot or cold light petroleum 
(b. p. 100—140°), ether, or chloroform, but it was moderately 
soluble in hot benzene or acetic acid, from which it crystallised 
in small, colourless needles. In each case two crystallisations gave 
the pure hexabromostearic acid melting at 185° and even after 
seven or eight crystallisations this melting point was unchanged. 
The brown mother-liquor from the first crystallisation gave, 00 
evaporation, a semi-solid “ glue,” from which it was possible to 
isolate a further quantity of the pure acid together with a few 
milligrams of a solid melting at 206—208° and a small amount of 
dark oil of low bromine content. Fractional crystallisation from 
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alcohol, ethyl benzoate, phenol and ether, nitrobenzene, and tetra- 
chloroethane also failed to alter the melting point of the acid. 
It was very sparingly soluble in alcohol and dissolution was only 
effected after prolonged boiling, during which some decomposition 
took place. The potassium and barium salts of this acid were 
prepared by Erdmann and Bedford (loc. cit.), and the sodium salt 
can be prepared by suspending the acid in sodium hydroxide 
solution, but these salts are so insoluble that it is impossible to 
reerystallise them. 

Quinine monohexabromostearate was prepared by adding a hot 
benzene solution of the acid to a slight excess of quinine dissolved 
in the same solvent, and recrystallising the flocculent product. 
After three or four recrystallisations, the product melted constantly 
at 169° with decomposition, and the mother-liquors were found to 
contain nothing but the above salt and free quinine. The salt 
which had been crystallised eight times contained unchanged acid. 

Quinine hexabromostearate is an ill-defined, crystalline compound ; 
its melting point varies with the rate of heating, and the above result 
was obtained with a rise of 0°25° per second (Found : C,,H3,0,Brg = 
70:14. C,gH390,Br¢,Cy9>H4O,N, requires C,,H3,0,Br, = 70°04 per 
cent.). 

Strychnine hexabromostearate was prepared by dissolving approxi- 
mately equivalent quantities of the base and the acid in a mixture 
of 90 per cent. benzene and 10 per cent. absolute alcohol. The 
solution, when cooled, deposited a flocculent mass, which on 
recrystallisation darkened at 200° and melted fairly definitely and 
decomposed at 224—226°. After seven crystallisations, the melting 
point was unchanged and the acid prepared from the final product 
melted at 185°. The mother-liquors gave a small quantity of the 
salt and a little free strychnine. The strychnine salt is much 
more definite than the quinine compound, and crystallises in 
flat, microscopic rhombs (Found: C,gH 3 90,Brg = 69°4 per cent. 
Ci gH 90,Br,,C,,H,0,N, requires C,g,Hg90,Brg = 69°4 per cent.). 

Morphine hexabromostearate was prepared from the acid and 
morphine dissolved in benzene containing a few units per cent. of 
alcohol. On cooling, the morphine salt was deposited and the 
mother-liquors were decanted. The salt, after three crystallisations, 
melted constantly at 181—182°. The acid prepared from the 
final product was identical with the original hexabromostearic 
acid. 

Morphine hexabromostearate crystallises in aggregates of micro- 
scopic rhombs. 

Narcotine hexabromostearate was obtained from a solution of the 
acid and narcotine in benzene. The salt, which rapidly crystallised 
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on cooling, melted at 184°, and after seven crystallisations, the 
original acid was obtained from it. 

An attempt was made to prepare the cinchonine salt, but this 
was a very indefinite product. 

These experiments show that in all probability hexabromostearic 
acid obtained under these conditions is a homogeneous product. 


In conclusion, the author wishes to express his indebtedness to 
the Department for Scientific and Industrial Research for a grant 
which enabled him to carry out part of this work, to Prof. F. §. 
Kipping, F.R.S., for his advice and encouragement, and to the 
Royal Commissioners for the 1851 Exhibition for the grant of a 
scholarship. 


CHEMICAL DEPARTMENT. 
University CoLLEGE, NOTTINGHAM. [ Received, July 8th, 1921.] 


CL.—Organo-derivatives of Thallium. Part II. Inter- 
action of Thalliumdialkyl Hydroxides with Nitro- 
phenols and Nitrocresols. 


By ArcuisaLD Epwin GopDARD. 


Since the thalliumdialkyl hydroxides bear a great resemblance to 
thallous compounds, and the latter to the derivatives of the alkali 
metals, a comparison has now been made between the behaviour 
of alkali hydroxides and thalliumdialkyl hydroxides towards the 
hydroxyl group in nitro-substituted phenol rings. 

The hydroxides were obtained by treating thalliumdialkyl 
haloids with moist silver oxide. To these aqueous solutions was 
then added the calculated quantity of the nitrophenolic compound. 
The colours of the salts thus obtained resemble very closely those 
described for the alkaline-earth nitrophenoxides (Goddard, this 
vol., p. 1161), although the difference in solubility in passing from 
o- to p-nitrophenoxides is not so marked in the present case. It 
is again noticeable that the colour gradient between mefa- and 
para-compounds is much greater than between ortho- and mefa-. 
All thalliumdimethyl compounds have a more intense colour than 
the corresponding thalliumdiethyl compounds. 

An interesting point with regard to the residual affinity of thallium 
is furnished by thalliumdimethyl m-nitrophenoxide, which was 
obtained both as a simple salt and also crystallised with | mol. 
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of m-nitrophenol. The colour of the latter was intense red, whilst 
the simple compound was yellowish-orange—this pointing to the 
fact that thallium requires an acid group for co-ordination (proved 
aso by the fact that none of these compounds combines with 
ammonia), whereas the cobalt atom readily takes up alkaline 
ups. 

* Thalliumdiethy] 2 : 4-dinitrophenoxide is intermediate in colour 
between the o-nitrophenoxide and the picrate. The picramate, 
om the other hand, is very deep red, and its colour, in comparison 
with that of the pale yellow picrate, may be explained in the follow- 
ing way. The colour of the former may be due to the residual 
afinity existing between the amino-group and the thallium atom. 
Since thalliumdiethyl p-nitrophenoxide is only slightly coloured, 
the nitro-group in the 4-position probably has no effect on the 
wlour. Applying this to the picrate, if the nitro-groups in posi- 
tions 2 and 6 had any residual affinity, it would be exerted with 
equal and opposite force on the thallium atom, so that the colour 
here should be the same as that of the p-nitrophenoxide, this being 
in agreement with experimental results. 

In the case of the thalliumdiethyl tolyloxides, the maximum 
wlour is obtained when the methyl, the substituted hydroxyl, 
ad the nitro-groups are in the positions 1 : 2:3; and as the latter 
two travel away from the methyl group to positions 1:3:4 the 
colour decreases. It is remarkable, however, that if the hydroxy- 
ud nitro-groups are reversed, giving the 1 : 4: 3-compound, the 
wlour again increases, although not to the original intensity of 
the 1 ; 2 ; 3-compound. 

When the hydroxyl and nitro-groups are in the para-position 
with respect to each other, as in thalliumdiethyl 6-nitro-m-tolyl- 
oxide, the methyl group being in the ortho-position to the nitro- 
group, the least coloured compound of the series is obtained. The 
initro-o-tolyloxide having the above groups in the para-position, 
but the methyl group ortho to the hydroxyl, exhibits more colour 
than the preceding compound, and has been obtained with 1 mol. 
if nitro-cresol of crystallisation. 

The solubility of the thalliumdialkyl nitrophenoxides differs from 
that of the alkali compounds, since it decreases from ortho- to 
jara-derivatives in both methyl and ethyl series. This applies 
ilo to the nitrotolyloxides, those having hydroxyl and _nitro- 
soups in ortho-positions being less soluble than the compounds in 
which the same groups are in the mefa- and para-positions. 

Phenol itself also forms phenoxides, but these were found to be 
instable on keeping, whilst the three cresols gave compounds which 
broke down on evaporating their aqueous solutions. p-Nitrosophenol 
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forms a compound in the cold, but gentle warming is sufficient t, 
destroy it. 


ExPERIMENTAL. 


Thalliumdimethyl o-Nitrophenoxide.—A solution of the hydroxit 
from 2 grams of thalliumdimethyl iodide in 50 c.c. of water anj 
0-77 gram of o-nitrophenol yielded a substance which, after thre 
crystallisations from water, melted at 237° (1-2 grams) (Found: 
TI=54-51; N=3-75. C,H, )0,NTI requires T1=54-77; N=3-7 
per cent.). The salt crystallises in brick-red needles easily soluble 
in warm alcohol or pyridine, moderately soluble in acetone, chlon. 
form or toluene, slightly soluble in ether or carbon tetrachloride, 
and insoluble in light petroleum. 

Thalliumdiethyl o-Niirophenoxide——This was obtained by the 
interaction of 0-81 gram of o-nitrophenol and the thalliumdiethy! 
hydroxide derived from 2-0 grams of thalliumdiethyl bromide, the 
reaction being carried out in 50 c.c. of water (1 gram of pure produet 
was obtained after crystallisation). The compound softened at 
200° and melted with decomposition at 210° (Found: Tl=50-96: 
N=3°32. C,9H,,0,NTI requires TI1=50-93; N=3-49 per cent,). 
The salt crystallises in brilliant scarlet plates which are soluble in 
cold alcohol, ether, chloroform, acetone, or boiling toluene, and are 
insoluble in light petroleum. 

Thalliumdimethyl m-Nitrophenoxide—When the above quantities 
were used, two crops of crystals were obtained. (A) This crop 
crystallised in brilliant red cubes which softened at 150° and melted 
to a clear red liquid at 159° (0-3 gram) (Found : T1=40-09; N=5:63. 
CygH,,0,NTI,C,H;0,N requires T1=39-86; N=5-47 per cent.). 
The second deposit (B), which appeared on rapid cooling, was 
yellowish-orange plates (0-4 gram) which melted to a red liquid 
at 202°, the latter decomposing on boiling (Found: N=3-83 per 
cent.). This compound is therefore the normal salt and (A) may 
easily be transformed into it by washing with ether or alcohol. 
It is soluble in cold pyridine, acetone, or warm alcohol, moderately 
soluble in ether, toluene or chloroform, and insoluble in carbon 
tetrachloride or light petroleum. 

Thalliumdiethyl m-Nitrophenoxide.—This compound was obtained 
in brownish-orange, oblong plates (0-85 gram) which darkened at 
194° and melted at 196° (Found : Tl1=50-58; N=3-51 per cent). 
The compound was less soluble in the above-named solvents than 
the ortho-derivative. 

Thalliumdimethyl p-Nitrophenoxide—From the reaction, 1-0 grat 
of this compound was obtained, and it required four crystallisation: 
from alcohol before it was sufficiently pure for analysis. It darkened 
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it 273° and exploded violently at 275° (Found : Tl=54-70 per cent.). 
The salt crystallises in yellow plates which are easily soluble in cold 
pyridine, moderately soluble in alcohol or acetone, and insoluble 
in other organic solvents. 

Thalliumdiethyl p-Nitrophenoxvide.—This compound was obtained 
in lemon-yellow, rhomboidal plates (1-0 gram), darkening at 233° 
and melting at 238° (Found: T1l=—50-85; N=3-46 per cent.). The 
alt is less soluble in water than the ortho- and mefa-compounds, 
oly moderately soluble in alcohol, acetone, or chloroform, less 
sluble in ether, and insoluble in boiling toluene or light petroleum. 

Thalliumdiethyl 2 : 4- Dinitrophenoxide.—The thalliumdiethyl hydr- 
oxide from 2-0 grams of the corresponding bromide, when evaporated 
vith 1-1 grams of 2 : 4-dinitrophenol, gave 1-5 grams of brownish- 
orange, crystalline plates melting at 174° (Found: Tl=45-79; 
Y=632. C,9H,,0;N,TI requires Tl=45-77; N=6-29 per cent.). 
The salt is easily soluble in hot pyridine, moderately soluble in 
alohol, acetone, or ether, slightly soluble in chloroform or toluene, 
and insoluble in carbon tetrachloride or light petroleum. 

Thalliumdimethyl 4 : 6-Dinitro-2-aminophenoxide.—By interaction 
of the hydroxide from 1-5 grams of thalliumdimethyl iodide and 
(825 gram of picramic acid, 1-0 gram of product was obtained 
Found: Tl=47-00; N=9-88. C,H,,0;N,Tl requires T1=47-17; 
N=9:72 per cent.). The salt crystallises in small, deep reddish- 
violet plates darkening at 220° and melting with decomposition at 
236°. It is easily soluble in alcohol, acetone, or pyridine, moder- 
ately soluble in ether, and insoluble in chloroform, carbon tetra- 
chloride, toluene, or light petroleum. 

Thalliumdiethyl 4 : 6-Dinitro-2-aminophenoxide—To the hydr- 
oxide solution from 2-565 grams of thalliumdiethyl bromide, 1-49 
grams of picramic acid were added. Evaporation gave 2:19 grams 
of product, darkening at 140° and melting with decomposition at 
159 (Found: Tl=44-17; N=9-19. Cj, 9H,,0;N,TI requires Tl= 
44-29; N=9-12 per cent.). The salt crystallises in small, carmine- 
red plates which have a metallic lustre and explode violently when 
moistened with fuming nitric acid. It is moderately soluble in 
ileohol, acetone, or pyridine, slightly soluble in chloroform, ether, 
or toluene, and insoluble in carbon tetrachloride or light petroleum. 

Thalliumdiethyl 2:4 : 6-Trinitrophenoxide—To the hydroxide 
‘olution from 2 grams of thalliumdiethyl bromide, 1-4 grams of 
piric acid were added; 0-99 gram of substance was obtained 
from the evaporated solution, the product darkening at 200° and 
nelting with decomposition at 204° (Found : T1=41-27; N=8-66. 
CyH,,0,N,T] requires TI=41-58; N—8-56 per cent.). The salt 
rystallises in golden-yellow, oblong plates, very soluble in water 
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or cold alcohol, ether, chloroform, or acetone, moderately soluble 
in boiling toluene, and insoluble in light petroleum. 


Thalliumdimethyl 3-Nitro-o-tolyloxide—By the interaction of the of p 
hydroxide from 2 grams of thalliumdimethyl iodide and 0-765 gram (Fou 
of 3-nitro-o-cresol, deep red, crystalline plates (0-99 gram) having ff“ 
a brown reflex were obtained. These melted at 186-5° to a dee yelle 
red liquid (Found: TI=52-24; N=3-81. C,H,,O,NTI requires" 
Tl=52-77; N=3-62 per cent.). The salt is readily soluble in cold sigh 
pyridine, warm alcohol, acetone, ether, toluene, or chloroform, light 
moderately soluble in carbon tetrachloride, and slightly soluble in Th 
light petroleum. The colour of all these solutions is red, dilution 
not completely destroying the red tone. 7“ 

Thalliumdiethyl 3-Nitro-o-tolylovide—When the hydroxide from = 
2-7 grams of thalliumdiethyl bromide reacted with 1-2 grams fff ™ 
the nitrocresol, 1°32 grams of product were obtained on evaporation 
(m. p. 190—191°) (Found: Ti=49-18; N=3-68. C,,H,,0,NT 
requires Tl—49-19; N=3-38 per cent.). The salt crystallises in 
deep red plates having a green reflex and is easily soluble in cold 
alcohol, ether, chloroform, pyridine, or boiling toluene, moderately 
soluble in water or hot carbon tetrachloride, and slightly soluble in (LI. 
light petroleum. 

Thalliumdiethyl 4-Nitro-m-lolyloxide—When the same quantities i 
as for the above preparation were used, 0-97 gram of pale red plates 
was obtained, which darkened at 220° and exploded violently at By 
228° (Found: Tl=48-80; N=3-49 per cent.). The salt is moder. 
ately soluble in alcohol, ether, or pyridine, slightly soluble in 
toluene, chloroform, or carbon tetrachloride, and insoluble in light THE re 
petroleum. propa 

Thalliumdiethyl 3-Nitro-p-tolyloxide—This was prepared from 24 ledge | 
grams of thalliumdiethy! bromide and 0-89 gram of nitrocresol, when Up t 
1-13 grams of product, softening at 200° and melting at 206°, were bora 
obtained (Found: Tl=49-08; N=3-30 per cent.). The sali of the 
crystallises in small, ruby red, rhomboidal plates having a green and T 
lustre, is easily soluble in hot pyridine, moderately soluble in 117, 1 
chloroform or toluene, slightly soluble in alcohol ether, acetone, fair ve 
or carbon tetrachloride, and insoluble in light petroleum. consist 

Thalliumdiethyl 6-Nitro-m-tolyloxide—With the above quantities, It w 
1-26 grams of pure substance were isolated, darkening at 2)0° ff Pounds 
and melting with decomposition at 216-5° (Found: 'Tl=49%33; pounds 
N=3-63 per cent.). The salt crystallises in small, lemon-yellow ~ € 
plates which are easily soluble in cold pyridine, hot alcohol, o “4 pre 
acetone, slightly soluble in ether or chloroform, and insoluble m ~_ 
carbon tetrachloride, toluene, or light petroleum. “i A 

2-129 tande 


Thalliumdiethyl 5-Nitro-o-tolylovide—The hydroxide from 


in alm 
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ms of bromide and 0-94 gram of nitrocresol yielded 0-85 gram 
of product softening at 165° and melting to a red liquid at 181-5° 
(Found: TI=36-11; N=4-45. C,,H,,O,;NTI,C,H,O,N requires 
Tl=35°91; N=4-93 per cent.). The salt crystallises in brownish- 
yellow plates which are easily soluble in cold water, pyridine, 
warm alcohol, or acetone, moderately soluble in ether or chloroform, 
dightly soluble in toluene, and insoluble in carbon tetrachloride or 
light petroleum. 


The author desires to express his thanks to the Research Fund 
(Committee of the Chemical Society for a grant which has partly 
defrayed the expenses of this investigation. 
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(LI1.—The Formation and Stability of spiro-Compounds. 
Part VI. New Derivatives of cycloPropane and 
cycloHexanespirocyclopropane. 


By StanLeEY Francis Biron, Witt1aAM Henry Govuau, and 
GEORGE ARMAND RoBert Kon. 


Tak results recently attained from a study of dialkyl- and spirocyclo- 
propane compounds made it appear desirable to extend our know- 
kdge of the methods by which such compounds can be obtained. 
Up to the present they have usually been prepared in these 
hboratories by the action of hydrolysing agents on the esters 
of the bromo-substituted glutaric acids (compare Beesley, Ingold, 
and Thorpe, T., 1915, 107, 1080; Becker and Thorpe, T., 1920, 
117, 1579; Perkin and Thorpe, T., 1899, 75, 48) and although a 
ir variety of starting material was thus available, the products 
consisted of a few types only. 

It was therefore decided to search for new sources of such com- 
pounds and also to endeavour to increase the variety of the com- 
pounds obtainable, with the object of comparing their stability. 

An examination of the literature revealed a possible source of 
ylopropane derivatives in the bridged piperidine compounds 
described by Guareschi (Mem. R. Accad. Sci. Torino, 1901, 50, 
ma Atti R. Accad. Sci. Torino, 1910-1911, 46, 662; Guareschi and 
trande, ibid., 1898-1899, 34, 924). These compounds are formed 
n almost quantitative yield when the imides of the general type 
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(I), obtained by the condensation of ketones with ethyl cyanoacetate 
and ammonia, are brominated and the resulting dibromo-compounds 
(II) are subjected to the action of heat, or treated with some agent 
capable of eliminating bromine, such as formic acid or even alcohol, 

Formula III was assigned by Guareschi to these compounds, 

ix1~CH(CN):CO ix CBr(CN)-CO~.,, 
RR'CCEH(CN}-CO7NH = RR'C< GB (GN}-CO7 NH 
(I.) (II.) 
(IIT.) 


although no proofs of its correctness, beyond the elementary analysis, 
were supplied by him. 

At first it appeared unlikely that this constitution could be 
correct owing to the ease with which the “ bridging ” takes place, 
this being seldom observed in reactions leading to cyclopropane 
compounds. It was therefore decided to investigate the matter 
further and, should Guareschi’s formula prove correct, to endeavour 
to utilise these compounds as a source of cyclopropane derivatives, 
more particularly of those which are not obtainable by the methods 
already in use. 

Two typical examples were chosen, namely, the dimethy! com- 
pound (IV) and the cyclohexane compound (V), which should, if 
Guareschi’s formula is correct, be convertible respectively into 
caronic acid (VI) and cyclohexanespirocyclopropanedicarboxylic acid 
(VII) or their derivatives : 

C(CN):CO CH,°CH,~ ,, C(CN):CO 

MeC<ben)-co7 NH He0< cap .c, 7 CS Gcn)-co 

(IV.) (V.) 
CH-CO,H CH,°CH H-CO,H 

Me,C<b.C0,H HC<oH CH, o<te-c0'H 
(VL) (VIL) 


The latter two acids have already been studied in detail (Beesley, 
Ingold, and Thorpe, loc. cit.), especially with regard to their stability. 
It was clearly shown that the cyclohexane-compound is the more 
readily formed and the more stable, which points to the influence 
of the cyclohexane ring in conferring stability on a cyclopropane 
ring having a carbon atom in common with it. 

It was most important definitely to establish the constitution of 
Guareschi’s bridged imides, but the problem proved to be one of 
considerable difficulty owing, particularly, to the large number of 
products which could be obtained from these compounds by the 
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action of various reagents; ultimately, however, it was possible to 
demonstrate the correctness of the general constitution (III) 
assigned to them. 

It was soon discovered that the use of acid hydrolysing agents 
caused deep-seated changes, but regulated hydrolysis with alkali 
led to the formation of a variety of products according to the 
conditions of the experiment. 

It was found that the cyclohexane compound (V) was somewhat 
more readily hydrolysed than the dimethyl compound (IV). If it 
is boiled for a few minutes with one molecular proportion of 10 per 
cent. aqueous potassium hydroxide, the imino-ring is broken and 
at the same time a molecule of carbon dioxide is eliminated, the 
amide (VIII) being obtained in almost quantitative yield : 


Oo 


H / 
. Fy H 
(HC (CNYCOSSNH —> (Cy iC< 


} C(CN)-CO,H ) a 
C(CN)-CO 


C(CN)-CO-NH, 
___OH-CN 
CsHioCC4CN)-CO-NH, 
(VITI.) 


An exactly analogous compound (IX) is produced from the imide 
(IV), except that some of the original substance is always recovered 
unchanged. 

CH-CN CH-CN CH-CN 
Me,C< , 
SCcn)-co-NH, MexC<ieny-co,H CsH!C<é(en)-CO,H 
(IX.) (X.) (XI.) 


On further hydrolysis with alkali, these compounds undergo 
fission (see below); it is, however, possible to obtain from them the 
acids (X) and (XI) by the action of nitrous acid. The yields are 
not good, but the unchanged material can be recovered. 

The dicyano-acids (X) and (XI) can also be prepared directly 
fom the imides by acting on the latter with two molecular pro- 
portions of potassium hydroxide in dilute solution, but the best 
conditions are difficult to establish, and the use of nitrous acid is 
preferable. 

Although the amides are not affected by heating with water 
under pressure at 180°, the corresponding acids readily lose carbon 
dioxide under these conditions and are converted into the dinitriles 
(XII) and (XIII), from which the dicarboxylic acids (VI and VII) 
can be obtained by digestion with alcoholic potassium hydroxide. 

>H-CN : wn HON 
MeC< tar on CsHiC<OH.0N 
(XIL.) (XIII) 
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It is noteworthy that no fission occurs, although the action off! 


potassium hydroxide on the amides (VIII) and (IX), no doubj 
owing to the presence of two quaternary carbon atoms, lead 
rapidly to the splitting of the cyclopropane ring with the formation 
of the lactonic acids (XIV) and (XVI): 


Mec GH-ON CH-CO,H — CH-CO,H 
SC <A CN): ‘-CO-NH, —> Met CH: CO,H —> 7 CH, 
0—CO O—CO 
(XIV.) (XV.) 


H-ON 
0<f 
Cs Hao! Sdccn): -CO-NH, 


CH-CO,H CH-CO,H 
Cw ¢ CH-CO,H —> Cotte CH, 


| GO o- CO 
(XVL.) (XVIL.) 


At first the nature of these fission products was not clear, but it 
was found that they readily lose a molecule of carbon dioxide on 
heating, or on boiling with dilute sulphuric acid. 

In the case of the dimethyl compound the product was the well- 
known terebic acid (XV), so that the fission of the original amide 
must have taken place in the manner indicated, that is, between 
the two quaternary carbon atoms. 

The ready fission of the amides on hydrolysis is quite analogous 
to the behaviour of the hydroxy-spiro-acid recorded by Beesley, 
Ingold, and Thorpe (loc. cit.). This substance undergoes fission 
between the two quaternary carbon atoms on heating with water 
under pressure, whereas the unhydroxylated spiro-acid is quite 
stable under the same conditions. 

In the reactions described above there is little difference between 
the behaviour of the dimethyl- and the cyclohexane-compounts 
and no inferences can be drawn as to their relative stability. 

Evidence bearing on the question is, however, readily obtained 
on studying the behaviour of the two bridged imides on treatment 
with three or more molecular proportions of alkali. 

In the first place, if these two compounds are subjected to the 
action of very concentrated alkali at a high temperature, the main 
product obtained from the cyclohexane compound is the lactonic 
acid (XVI), but an appreciable amount of the spiro-acid (VIII) is 
also formed. Not a trace of caronic acid (VI) could, however, be 
isolated in similar experiments with the dimethyl compound and 
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it must be concluded that here the cyclopropane ring is too unstable 
to survive the experimental conditions. 
Such drastic treatment is not, however, necessary to demonstrate 
the difference of stability between the two series of compounds. 
The most striking evidence on this point is afforded by the 
hydrolysis of the original imides by means of three molecular 
proportions of potassium hydroxide in aqueous solution. Under 
these conditions the cyclohexane compound yields the acid (X VIII) 
almost quantitatively ; if the boiling is very prolonged, the substance 
(XIX) is also produced. 
«x ~C(CN)-CO,H «7 C(CN)-CO,H 
CsHio CS AGN) -CO,H CsA CS 4 00,H), 
(XVIII) " (XIX.) 


It is interesting to note, in passing, that if sufficient alkali (3 mols. 
is used in the hydrolysis, carbon dioxide is not eliminated and 
substances with three quaternary carbon atoms are produced ; 
otherwise the amide (VIII) or its products of hydrolysis are formed 
in greater or smaller amount. 

When the amide (IV) is hydrolysed in the same way, an analogous 
aid is obtained in fair yield, but this acid has the expected com- 
position with the addition of one molecule of water. The con- 
stitution of this substance (XX) follows clearly from the fact that 
om boiling with dilute sulphuric acid it is rapidly and quantitatively 
slit into acetone and succinic acid, the latter being produced by 
the hydrolysis of the dicyanosuccinic acid first formed : 
tog GtCNYCOH)  MeyC(OH)--C(ON) COM > CH LOH 
\ On Zbyon}co,H) > ' CH(CN)-CO,H ( H,-CO,H 


(XX.) 


It is certainly remarkable that the acid (XX), which is a y- 
hydroxy-acid, does not pass into a lactone under the experimental 
‘onditions used; * but its behaviour on hydrolysis is, we think, 
suicient proof of its constitution. That the substance represented 
by the formula (XVIII) is not the lactone of a hydroxy-acid similar 
to the acid (XX) is clearly proved by the fact that it forms an 
anhydride from which the original acid is readily regenerated. 

It will thus be seen that the results described in the present 
paper strongly support the views expressed by Beesley, Ingold, 
ind Thorpe regarding the stability of spirocyclopropane compounds, 


* For other examples of y-hydroxy-acids not forming lactones, see Kiliani 
—_— Ber., 1905, 38, 3624; Kiliani and Matthes, ibid., 1907, 40, 
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EXPERIMENTAL. 
Preparation of Guareschi’s Bridged Imides (IV and V). 


The method used was a modification of that described by 
Guareschi (Atti R. Accad. Sci. Torino, 1910-1911, 46, 662). 

One-tenth of a gram-molecule of the finely powdered dicyano. 
imide (obtained by Guareschi’s method; compare Kon and Thorpe, 
T., 1919, 115, 686; Kon, this vol., 818) is suspended in 160 c.c. of 
water and 32 grams of bromine are gradually added with vigorow 
shaking. Hydrogen bromide is evolved and the liquid finally 
assumes a permanent yellow tinge, due to excess of bromine, 
The suspension of the dibromo-compound is treated with 160 ce. 
of formic acid (80 per cent.) and the mixture slowly heated to boil- 
ing with constant stirring to prevent frothing; it is finally allowed 
to boil for a few minutes. On cooling, the bridged compound 
separates out; it is collected, and a further small amount can he 
recovered by diluting the mother-liquors with water. 

The dimethyl compound (IV) was found to melt at 242° (Found: 
C=56'99; H=3°81; N=22°41. Cale., C=57°11; H=373; 
N=22:22 per cent.) and the cyclohexane compound (V) at 233° 
(Found: N=18°54. Cale., N=18°38 per cent.). 


2 : 3-Dicyano-1 : 1-dimethyleyclopropane-2-carboarylamide (IX). 


The imide (IV) was boiled with 10 per cent. aqueous potassium 
hydroxide (1 mol.) for five minutes and then cooled in ice. The 
amide crystallised out and was collected, further quantities being 
recovered by extracting the mother-liquors with ether. On acidify- 
ing the mother-liquors, some of the imide was precipitated; it is 
usually preferable to repeat the heating once or twice before recover- 
ing the unchanged material. 

The amide obtained in this way crystallises from hot water,’ 
dilute alcohol, or benzene in long, flattened needles melting at 
163°5° (Found : C=58°77; H=5:73; N=25-93. C,H,ON; requires 
C=58°85; H=5°'76; N=25-74 per cent.). 


2 : 3-Dicyano-1 : 1-dimethyleyclopropane-2-carboxylic Acid (X). 


The amide (5 grams) was dissolved in cold concentrated sulphuric 
acid (100 c.c.), the mixture cooled in ice, and a saturated solution 
of sodium nitrite in water added drop by drop with stirring until 
the mixture became nearly solid. It was allowed to remain for 


* This solvent is not to be recommended, as it tends to hydrolyse the 
amide. 


The li 
fluores 
extrac 
hydro 
20 pe 
solutic 

It 1 
produ 


chloric 
desice: 
aceton 
on por 
of ani 
nixtu 
chloro 
The 
crysta 
174°, 
compa 
The 


* 


STABILITY OF SPIRO-COMPOUNDS. PART VI. 1821 


if an hour, poured into water, and the aqueous fluid repeatedly 
extracted with ether, which dissolved both the new acid and the 
mchanged material; the acid was then separated from the latter 
by shaking the extract with a solution of sodium carbonate and 
liberated from the alkaline solution by acidifying and extracting 
vith ether in the usual way. It should be remembered, however, 
that both the acid and its amide are somewhat sparingly soluble 
in ether. 

The acid slowly crystallises from water in large, transparent, 
thombic laminze melting at 168—169°. It is almost insoluble in 
benzene, chloroform, or light petroleum, and does not decolorise 
ikaline permanganate in the cold (Found: C=58°83; H=5'10; 
N=1718. C,H,O,N, requires C=58°50; H=4°94; N=17°05 per 
cent.). 

The acid can also be obtained by boiling the imide (IV) with 7°5 * 
per cent. aqueous potassium hydroxide (2 mols.) for about one hour. 
The liquid gradually assumes a purplish-brown colour with a green 
fuorescence and ammonia is evolved. After being cooled, it is 
extracted with ether to remove any amide produced (by partial 
iydrolysis) and acidified, the colour changing to deep violet; a 
0 per cent. yield of the acid can be obtained by extracting the 
solution with ether. 

It was thought desirable to investigate the nature of the by- 
products formed in this reaction, and therefore the mother-liquors 
from several experiments were combined and kept for about three 
weeks. At the end of that time a considerable amount of crystal- 
line solid had separated, which was collected and recrystallised from 
water. It was found to melt with vigorous decomposition at 195— 
196° and to consist of the acid XX (see below). 

The mother-liquor from this substance was neutralised with 
ammonia, evaporated to dryness, ground with concentrated hydro- 
thlorie acid, and allowed to evaporate to dryness in an exhausted 
desiccator over sodium hydroxide. The solid was extracted with 
acetone and the residue obtained on removing the solvent spread 
on porous porcelain, and then crystallised from water with the use 
of animal charcoal. The crystals which separated consisted of a 
mixture of two compounds, which were separated by boiling 
chloroform. 

The substance soluble in chloroform was non-nitrogenous and 
crystallised from water in small, colourless prisms melting at 173— 
lif. It was proved to consist of terebic acid (XV) by direct 
comparison (mixed melting point) with a specimen of that substance. 

The second substance contained nitrogen and crystallised from 


* The use of 5 per cent. potassium hydroxide is to be preferred. 
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water in fine, long needles melting not very sharply at 234—935 
with slight decomposition (Found : C=53°24; H=5-58. C,H, 0,N, 
requires C=53'31; H=5-60 per cent.). This substance is probably 
represented by the formula OH+CMe,*CH(CN)-CH(CN)-CO,H. 


Nitrile of 1:1 Dimethylcyclopropane-2 : 3-dicarboxylic Acid (XT), 


Four grams of the acid (X) were heated with a little water in 
sealed tube for an hour at 180-——200°, when a light yellow oil was 
found floating on the surface of the water. The products of three 
such experiments were combined, the oil taken up in ether, the 
ethereal solution carefully washed, first with aqueous potassium 
hydroxide and then with water, dried, and evaporated. 

The residual oil, representing a yield of 50 per cent. of the 
theoretical, boiled at 158°/12 mm. and solidified on keeping for some 
time. On crystallising the solid from ether and light petroleum 
(b. p. 30—40°), it separated in long, flattened needles melting at 
50° (Found: N=23-28. C,H,N, requires N=23°32 per cent.). 

The alkaline washings obtained above were found to contain a 
very small amount of a mixture of acids (probably the original 
acid with caronic acid) and an imide melting, after purification, 
at 163°5°, and doubtless consisting of caronimide (Found : N=10-40 
C,H,O,N requires N=10-07 per cent.). 


cis- and trans-1 : 1-Dimethyleyclopropane-2 : 3-dicarboxylic Acids 
(Caronic Acids) (V1). 


A solution of the dinitrile (2 grams) in 25 per cent. aqueous 
potassium hydroxide (20 c.c.) and warm alcohol was boiled for four 
hours, the alcohol then allowed to evaporate, and the liquid, after 
being cooled, extracted with ether to remove any unchanged nitrile, 
then strongly acidified, and again extracted with ether. The second 
extract, on evaporation, yielded 2:2 grams of crude mixed acids. 
The separation into cis- and trans-forms was carried out as described 
by Perkin and Thorpe (loc. cit.), 1°3 grams of the trans- and 0°5 gram faci 
of the cis-acid being obtained. : 

The former separated from water in feathery needles and melted 
at 213° (Found: C=52°91; H=6°38. Cale., C=53°12; H=6:39 
per cent. Titration with 0°0264N-barium hydroxide : Found, Be 
24:4 c.c. Cale., 24°3 c.c.). 

The cis-acid separated from water in plates melting and decompo: 
ing at 174—175° (Found : C=52-93; H=6-40 per cent.). 

There is some evidence to show that the use of more concentrated 
potassium hydroxide favours the formation of the trans-modification. 
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lactone of @-Hydroxy-B-methylbutane-ys8-tricarboxylic Acid (XIV). 


The amide (3°8 grams) was dissolved in aqueous potassium 
hydroxide (6 grams in 45 c.c. of water) and the solution boiled until 
ammonia ceased to be given off (three to four hours). The solution 
was cooled, acidified, and repeatedly extracted with pure ether. 


‘Bn removing the ether, about 2 grams of a solid acid were obtained. 
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The purification of this substance presented very considerable 
dificulties, as it proved to be very soluble in water. It separated 
from a small quantity of water in large, colourless prisms melting 
and decomposing at 157° (Found: C=47'72; H=5°08. C,H 490, 
requires C=47°50; H=5-00 per cent.). 

The silver salt is very soluble in water and was not analysed for 
this reason, but the constitution of the substance follows from its 
rady conversion into terebic acid, as well as its similarity to the 
cyclohexane compound (see p. 1326). 


lactone of 8-Hydroxy--methylbutanc-yé-dicarboxylic Acid (T'crebic 
Acid) (XV). 


When the acid described above is warmed for a short time with 
sulphuric acid (25 per cent.), it readily loses 1 molecule of carbon 
dioxide and is converted into terebic acid. The change appears to 
ake place even on boiling with water. The boiling was usually 
mtinued until no further evolution of gas occurred; the liquid 
m cooling deposited spherical clusters of prisms which, after one 
rystallisation from water, melted sharply at 174° and answered 
he usual tests for terebic acid (Perkin and Thorpe, loc. cit.) 
(Found : C=53°01; H=6°49. Cale., C=53-12; H=6°39 per cent.). 


a8-Dicyano-y-hydroxy-y-methylbutane-«8-dicarboxylic Acid (XX). 


The imide ([V) was dissolved in 10 per cent. aqueous potassium 
hydroxide (3 mols.) and the solution boiled for half an hour. The 
purple fluorescent solution was cooled and acidified, when the above 
acid slowly separated, the yield being about 70 per cent. of the 
theoretical.* The acid slowly crystallises from water, forming 
thick, transparent, rhombic plates melting and decomposing at 
195—196° (Found: C=47°67; H=4:46; N=12°45. C,H,.0;N, 
requires C=47'75; H=4:47; N=12°39 per cent.). It is very 
‘paringly soluble in ether, but dissolves readily in hot water. The 
silver salt appears to be very soluble in water and is not precipitated 
by alcohol. 

The acid cannot be titrated satisfactorily (Found: 13°5 c.c. of 


* The mother-liquors appear to contain more of the same substance. 
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N/1l0NaOH. Calc., 14°3 c.c.), although the result clearly indicatg 
that it is dibasic. 

Five grams of the acid were boiled with 50 c.c. of 50 per cent, 
sulphuric acid. The flask was provided with an air condenser, the 
end of which was bent over and dipped into a solution of seni. 
carbazide acetate. Almost as soon as the liquid began to boil ay 
precipitate was formed in this solution and gradually increased, 
while the liquid in the flask evolved a quantity of carbon dioxide 
The action appeared to be over in less than an hour, the sulphuric 
acid solution remaining almost colourless. On cooling, the char. 
acteristic crystals of succinic acid separated from this solution, 
a small additional amount being recovered by means of ether. The 
yield was nearly quantitative; after two crystallisations from water, 
the acid melted at 185° and was identified in the usual way (Found: 
C=40°76; H=5°42. Calc., C=40°70; H=5-°08 per cent.). 

The semicarbazone precipitated melted at 187° and had theff. 
characteristic appearance of acetonesemicarbazone; it did not 
depress the melting point of a genuine specimen of that substance 
(Found: N=36°85. Calc., N=36°48 per cent.). 


Action of Concentrated Potassium Hydroxide on the Imide IV. 


Forty-eight grams of potassium hydroxide were heated with 
12 c.c. of water until dissolved and 4 grams of the imide were 
gradually added. Each addition caused much frothing, and theff' 
mixture was finally heated for a few minutes until this subsided. 
When cold, the mass was dissolved in a small quantity of water, 
the solution extracted with ether to remove any neutral substances 
formed, strongly acidified, and again extracted eight times with an 
equal bulk of ether. The ethereal extract gave on evaporation a 
very small amount of an oil which solidified when kept in a vacuum. 
It was very soluble in water, and obviously consisted of the acid XIV 
(see above, p. 1323), but it could not be induced to crystallise from its§; 
solution. It was therefore boiled with a little 10 per cent. aqueous 
sulphuric acid, when the characteristic crystals of terebic acid were 
readily obtained on cooling the solution. The acid melted at 174’, 
and was identified by direct comparison with a specimen of that 
substance. In spite of a diligent search, no trace of cis- or trans- 
caronic acid could be isolated from the products of the aboveffy 


reaction. 


cycloHexanespiro-2 : 3-dicyanocyclopropane-2-carboxylamide (VIII). 


This was obtained from the spiro-imide (V) by the method 
described for the dimethyl compound (p. 1320). It separates 2 
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Malmost quantitative yield on cooling; extraction with ether is not 
necessary . 

The compound crystallises best from dilute alcohol or benzene, 
and is obtained in fine, glistening plates or sometimes in colourless, 
iMielted needles. It melts at 141° (Found: C=65°34; H=6°56; 
N=20°94. C,,H,,ON, requires C=65°00; H=645; N=20°67 
per cent. ). 


icf cycloHexanespiro-2 : 3-dicyanocyclopropane-2-carborylic Acid (XI). 


The acid is best obtained from the above amide by means of 
titrous acid, in the same way as the corresponding dimethyl com- 
pound (p. 1320). The yield is about 30 per cent. of the theoretical, 
the unchanged amide being recovered. 

The acid can also be prepared by the direct hydrolysis of the 
imide (V) with potassium hydroxide (2 mols.). It is necessary, 
in this case, to use an alcoholic solution of potassium hydroxide, 
otherwise the amide melting at 141° will tend to separate, being 
quite insoluble in aqueous alkali. This method of preparation is 
not to be recommended, as the yield is only 20 per cent. of the 
theoretical, and a considerable quantity of the lactonic acid (XVI) 
is produced as the result of hydrolytic fission. 

The dicyano-acid obtained by either method forms colourless 
prisms melting at 159°. It crystallises best when it is dissolved in 
asmall quantity of water and an equal volume of concentrated 
Bhydrochloric acid is added to the solution (Found: C=65:03; 
H=599; N=13°73. C,,H,,0,N, requires C=64'69; H=5-93; 
#g\=13-72 per cent. Titration with 0°0264N-barium hydroxide : 
Found: 3°97 c.c. Calc., 3°96 c.c.). 


Blhe Nitrile of cycloHexanespirocyclopropane-2 : 3-dicarboxylic Acid. 


 § On heating the above dicyano-acid with water in a sealed tube 
‘Bin the way described for the dimethyl compound, the nitrile was 
obtained as a semi-solid mass. It solidified completely when treated 
vith sodium hydrogen carbonate solution, which removed the 
wehanged acid, and was purified by crystallisation from dilute 
"cohol. It separated in lustrous, colourless plates melting at 86°. 
‘Bilhe yield was about 45 per cent. of the theoretical (Found: 
\=17-75. C,gH,,N, requires N=17-49 per cent.). 


cycloHexanespirocyclopropane-2 : 3-dicarboxylic Acid (VII). 


A quantitative yield of this acid was obtained when the above 
utrile was hydrolysed under the condition described for the 
Meparation of cis- and trans-caronic acids (see p. 1322). 
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Only a small quantity of the cis-modification appeared to hy 
ormed, and this was not isolated in a pure state (m. p. 195—19¢° 
with decomp.). 

The trans-acid was readily obtained and corresponded in all its 
properties with the description given by Beesley, Ingold, and 
Thorpe (loc. cit.); it melted at 238°, and gave an anilide melting a 
291° (these authors give 237° and 292° respectively) ; the identity 
of these compounds was further confirmed by direct comparison 
with the original specimens (mixed melting points). 


y-Lactone of 1-Hydroxycyclohexylethane-xB8-tricarboxylic Acid (XVI), 


The amide (4°5 grams) was boiled with 45 c.c. of 15 per cent. 
aqueous potassium hydroxide until ammonia ceased to be evolved 
(four hours). On acidifying the cooled solution and allowing it to 
remain over-night, the new acid separated in characteristic spherical 
aggregates of buff-coloured crystals ; a further quantity was obtained 
on extracting the mother-liquors with ether, the total yield being 
about 3 grams. 

The acid crystallises best from water with the addition of hydro. 
chloric acid. It does not melt sharply, probably because it tends 
to lose carbon dioxide on boiling with water; usually it melts and 
decomposes at 183—184°, although melting points up to 191° have 
been observed (Found: C=54°66; H=6°12. C,,H 40, requires 
C=54'53; H=5°82 per cent.). 

The proof of its structure was obtained by boiling a solution of 
the acid in dilute ammonia until neutral and adding an excess of 
silver nitrate solution, when the silver salt of the corresponding 
tribasic hydroxy-acid separated (Found : Ag=55°94. C,,H,,0,Ag, 
requires Ag=55°72 per cent.). 

The acid is not affected by boiling with acetyl chloride and i 
therefore probably the trans-isomeride.* 

On heating to a temperature just above its melting point, the 
acid decomposes vigorously and a molecule of carbon dioxide i 
eliminated without any charring. The product consists of the 
lactonic acid described below. 


y-Lactone of 1-Hydroxycyclohexylethane-«8-dicarboxylic Acid (XVII), 


The lactonic acid XVI (6 grams) was boiled with 20 per cett 
sulphuric acid (200 c.c.) until all was dissolved and the evolution 
carbon dioxide had ceased. On cooling, a new acid was obtainel 


* An anilide melting at 278° was prepared from this acid by heating i 
with aniline, but the quantity was not sufficient for analysis. 
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in good yield; this was repeatedly crystallised from water and 
separated in plates melting at 184—185°. It is almost insoluble 
in cold water (Found: C=60°30; H=7-05. Cj, 9H,,0, requires 
(=60°57; H=7-12 per cent.). 

The silver salt of the lactonic acid is readily obtained in the usual 
way (Found: Ag=35°64. Cj, 9H,,;0,Ag requires Ag=35'38 per 
cent.). 

The silver salt of the dibasic hydroxy-acid was prepared by 
dissolving the lactonic acid in an excess of boiling N/10-sodium 
hydroxide; the excess of alkali was neutralised with nitric acid 
and an excess of silver nitrate added (Found: Ag=50°63. 
(pHygO;Ag, requires Ag=50°19 per cent.). 

The lactonic acid is stable to permanganate. If it is heated to 
boiling in a test-tube for a few moments and then cooled, the 
residue, dissolved in a little aqueous sodium hydrogen carbonate, 
instantly reduces permanganate. This property is also character- 
istic of the similarly constituted terebic acid (Perkin and Thorpe, 
loc. cit.). 

The acid gives a characteristic anilide when heated with aniline 
at 200° for a short time, but the compound appears to be abnormal, 
being formed from equimolecular proportions of the acid and the 
base by the elimination of one molecule of water and one of carbon 
dioxide. It crystallises from dilute alcohol in iridescent plates 
nelting at 113° (Found: C=77°85; H=830; N=6:20. 
(;H)g0N requires C=78'58; H=8-33; N=6-11 per cent.). 


cycloHexanespiro-2 : 3-dicyanocyclopropane-2 : 3-dicarboxylic Acid 
(XVIII). 


A solution of the imide V in 10 per cent. aqueous potassium 
hydroxide (3 mols.) was boiled for thirty to forty minutes, and then 
cooled and acidified, when the above acid was deposited in almost 
quantitative yield. It crystallises from dilute alcohol in small 
plates melting and decomposing at 207° (Found : C=58-20 ; H=5-03; 
N=1132. C,,H,,0,N, requires C=58°07; H=4:88; N=11-28 
per cent.). The acid, although evidently dibasic, did not give 
satisfactory figures on titration. 

The acid was heated just above its melting point until the evolu- 
tion of vapour ceased (twenty minutes). The residue set to a stiff 
gum on cooling; it was taken up in ether, the solution washed 
with sodium carbonate solution, dried, and evaporated, the solid 
tsidue being crystallised from benzene. It separated in distinctly 
toloured, microscopic crystals melting at 99°, and proved to be the 
anhydride of the above acid, as it was transformed into the latter 
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on hydration (Found: N=12°30. C,,H,,0,N, requires N=12 
per cent.). 


cycloHexanespiro-2-cyanocyclopropane-2 : 3 : 3-tricarboxylic Acid 
(XIX). 


If either the imide (V) or the dicyano-dicarboxylic acid (XVIIjj 
is hydrolysed with an excess of potassium hydroxide for some hour, 
the potassium hydrogen salt of the above acid separates on acidify. 
ing the solution. The salt crystallises well from alcohol in needle 
melting and decomposing at 237°; on grinding with hydrochloric 
acid, the free acid is obtained. The acid crystallises from water in 
stellate clusters of prisms melting and decomposing at l6i 
(Found: C=53°83; H=494; N=5°38. C,,.H,,0,N requires 
C=53'91; H=4:90; N=5-24 per cent.). The study of this acidis 
not yet completed. 


Action of Concentrated Potassium Hydroxide on the Imide V. 


The imide was treated with concentrated potassium hydroxide 
in exactly the same way as the dimethyl compound (see p. 1820). 
The mixture of acids obtained was dissolved in hot water, boiled 
with animal charcoal, filtered, and cooled, when a small amount o 
a crystalline solid separated. This melted at 229° and gave, on 
crystallisation from dilute alcohol, the flattened needles of the 
trans-spiro-acid melting at 238°. Its identity was confirmed by 
analysis (Found: C=60°85; H=7:25. Calc., C=60°57; H=71 
per cent.), and by direct comparison with a genuine specimen. The 
anilide melting at 291° was also prepared from it. 

The filtrate, on the addition of mineral acid, deposited the charac- 
teristic crystalline nodules of the lactonic acid (XVI). 


In conclusion, the authors’ thanks are due to Professor J. f. 
Thorpe, F.R.S., for his kind interest and advice during the progres 
of the investigation, and to the Salters’ Institute of Industriil 
Chemistry for a grant to one of us (W. H. G.). 


IMPERIAL COLLEGE OF SCIENCE AND TECHNOLOGY, 
Souta Kenstneton, 8.W.7. [Received, June 30th, 1921.) 
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(LL—The Ternary System Ammonium Chloride— 
Manganous Chloride—Water. 


By Freperick WILLIAM JEFFREY CLENDINNEN and 
ALBERT CuEeRBURY Davin RIVETT. 


luz system ammonium chloride-manganous chloride—water has 
recived a great amount of attention, probably because it is typical 
ifa large number of cases in which mixed-crystal formation occurs 
letween ammonium chloride and a hydrated chloride of a multi- 
valent metal. There remain, however, some points worth further 
consideration. 

Three double salts have been described, the respective molecular 
yoportions of the components, in the order named in the title, 
ing 1: 1:2 (Hautz, Annalen, 1848, 66, 285), 2: 1:1 (Rammels- 
berg, Pogg. Annalen, 1855, 94, 507; Pickering, T., 1879, 35, 654) 
md 2:1:2 (Hauer, J. pr. Chem., 1854, 63, 436). Lehmann 
(eitsch. Kryst. Min., 1883, 8, 445) evidently recognised mixed- 
aystal formation. Saunders (Amer. Chem. J., 1892, 14, 127) 
endeavoured to prepare double salts and concluded that only the 
2:1:2-compound was a definite substance. Various solids that 
he obtained he regarded as mechanical mixtures and, curiously 
enough, he did not consider the possibility of mixed-crystal forma- 
tion. Johnsen (Jahrb. Min., 1903, 2, 93) studied the crystallo- 
gaphy of the mixed crystals. The most systematic investigation 
far carried out is by Foote and Saxton (J. Amer. Chem. Soc., 1914, 
36, 1695). They worked only at 25° and claimed to have proved 
the existence of the double salt 2: 1:2 and to have shown that 
this and ammonium chloride form two series of mixed crystals, 
there being a gap between the limiting compositions of each 
series, 

It is unlikely that work at 25° will show the exact type of the 
system, since at this temperature MnCl,,2H,O, which is obviously 
the important hydrate of manganous chloride in this connexion, 
isnot a stable phase in pure water or in dilute solutions of ammonium 
chloride. The consequence is that, at one end, the mixed-crystal 
‘ystem is obscured by the appearance of the stable tetrahydrate, 
MnCl,,4H,0, which does not enter into the formation of any com- 
pound or mixed crystal. As the invariant point, dihydrate—tetra- 
hydrate-water, in the (condensed) binary system manganous 
hloride-water, is 57-85°, we have chosen to work at 60° and to apply 
the results obtained there to explain the 25° isotherm. 

ZZ 2 
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The experimental procedure is simple, including direct estimation 
of ammonium and chloride radicles by familiar methods and, jy 
a few cases, of the manganese radicle as pyrophosphate. 

Table I gives the figures obtained at 60° and these are show 
plotted in the usual triangular method in Fig. 1. 


TABLE I. 


System at 60°. 
Percentage composition. 


Solution. Residue. 

Density. NH,Cl. MnCl,. ; MnCl.. 
1°105 33°52 “f 7977 5°04 
31°93 5° “37 7°03 
29°50 ° 59° 14°10 
27°81 *9! 555! 18°32 
27°07 3°7$ “¢ 25-68 

25°94 - — 
25°28 5°$ 51°: 33°37 
24°11 “1s 39°7 31-01 
22-51 “86 “36 39°71 
20°93 20°: . 40°86 
41°74 
41°65 
41°34 
43°04 
44°06 
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The residue method (Schreinemakers, Zeitsch. physikal. Chen. 
1893, 11, 81) has been adopted in determining the composition 
of solids in equilibrium with particular solutions. It has been take 
as fully proved by previous workers that the solid phases lie on the 
line AD connecting the compositions of pure ammonium chlor 
and the dihydrate of manganous chloride. 

It is clear from the figure that the system is one of a somevhi 
uncommon type of mixed crystals. Fixing attention first on th 
solid phases, one sees that there are three very well-defined sené 
of mixed crystals, namely, AF, CH, and KD, with two gaps, fh 
and HK. The three curves ab, be, and cd correspond with th 
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gries, respectively, and the intersections 6 and ¢ with the gaps. 
The composition of the alleged compound 2:1:2 is at H#, well 
vithin the second series GH. The line AD is, of course, simply 
, section across the temperature-concentration diagram of the 
binary system ammonium chloride-manganous chloride dihydrate 
at a temperature, 60°, which is below that at which any liquid 


phase may be formed. 


ak 
Mn(1,,2H,O  Mncl, 


The first interpretation suggesting itself is that there are here 
two binary systems linked together. The first is that extending 
fom A to EH, the components being ammonium chloride and 
2:1:2; the second from E to D, the components being 2:1: 2 
and the dihydrate. Each of these will correspond with either 
the fourth or fifth of Roozeboom’s (Zeitsch. physikal. Chem., 1889, 
30, 384) types of mixed crystal formation in binary systems. Foote 
and Saxton (loc. cit.), working only at 25°, recognised only the 
portion AZ. We have supplemented their work and very com- 
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TasrE IT. 
System at 25°. 


Percentage composition. 


Solution. Residue. 

Density. NH,Cl. MnCl,. NH,Cl. MnCl.,. 
1°077 28°33 — — — 

1101 26°47 3°01 68°97 3°92 
1°119 25°11 5°37 83°37 5°76 
1°140 23°71 7°89 73°57 8°74 
1°164 22°35 10°70 72°44 13°19 
1181 21°12 13°00 71°43 15°36 
1-200 20°30 14°62 68°16 17°89 
1°209 19°48 16°04 65°54 19°70 
1°215 19-09 16°78 64°60 22°91 
1:216 19°07 16°57 63°32 22°36 
1°222 18°37 17°54 57°87 26°54 
1°227 17°77 18°16 56°67 27°79 
1°230 17°40 18°71 58°44 28°66 
1°237 16°90 19°39 55°72 30°35 
1°245 16°35 20°14 54°44 32°40 
_ 15°76 20°92 46°95 30°97 
1°255 15°41 21°42 — — 

1°263 14°84 22°17 41-02 33°64 
1-265 14°54 22°58 36°40 33°11 
1°268 14°26 23°02 45°54 38°19 
1°270 14°13 22-98 44°70 37°91 
1:273 23°43 38°59 37°88 
1-286 *6 24°83 42°80 41°64 
1°292 ; 25°33 31°33 36°87 
1°297 T7 25°98 37°66 41°23 
1°317 . 28-07 37°30 44°16 
1°338 “56 30°16 32-00 41°55 
1°362 32°65 35°96 44°68 
1°396 35°42 28°97 42°93 
1-413 37°02 30°65 44°90 
1°448 39°53 35°73 46°66 
1°494 43°11 23°55 46°39 
1°494 43°22 2°18 54°34 
1°492 43°28 1:08 53°97 
1°490 43°31 0°63 54°18 
1°485 43°45 — — 


Z 
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pletely determined the 25° isotherm. The results are given in 
Table II and plotted in Fig. 2. 

There can be no doubt whatever that even here mixed crystal 
of composition richer in MnCl,,2H,O than 2 : 1 : 2 do exist, extending, 
however, over only the comparatively small range HH’. The series 
ends at H’ since thereafter the solid phase, MnCl,,4H,0, enter, 
a complication not showing itself at 60°. As a matter of fact 
the figures of Foote and Saxton themselves clearly demonstrate 
this extension beyond 2: 1:2, but these authors, who did not w 
the residue method but endeavoured always to obtain pure soil 
free from mother-liquor, failed to trust their own work sufficient) 
and suggested that the solids in equilibrium with the solutio 
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at the latter part of the curve were really 2: 1:2 from which they 
had only incompletely removed adhering liquor rich in manganese 
chloride. 

The 60° work definitely establishes the conclusion that the second 
sries of mixed crystals does not stop at 2: 1 : 2 (Z) and the question 
arises as to whether even this last of the various alleged double 
alts may justly be called a compound. While it is true that there 


Fra. 2. 
NH,Cl 


MnCl,,4H,O MnCl,,2H,O MnCl, 


is a tendency for solutions over quite a considerable range about 
the middle of the curve to be in equilibrium with solids tending 
towards, or grouping themselves around, 2: 1 : 2, yet, as can be seen 
from Fig. 1, there is no evidence at all that 2: 1:2 exists as the 
stable solid phase with more than a single solution. This solution 
has a composition represented by a point at or near a in Fig. 1. 
If, however, it were a compound in the usual, although ill-defined, 
sense of the term, one would expect it to exist in equilibrium with 
4 series of solutions, however small; not to change its composition 
with an infinitesimal change in the solution. One might indeed almost 
z2* 
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as reasonably claim that 1: 2:4, 1:1:2,3:1:2, and 4:1:2 an 
definite compounds, since all fall along the line GH, and similarly 
other molecular proportions falling along FA or KD. The difference 
in the case of 2: 1:2 is only that somewhere about this proportion 
does seem to be a more favoured grouping in the mixed crystals 
as shown by the spread of the tie-lines in its neighbourhood. This 
difference (which is only a difference of degree) appears perhaps 
more clearly when another method is adopted for plotting results, 
namely, that represented in Fig. 3 showing the distribution of ammo. 
nium chloride in co-existing phases. 
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Along rectangular axes are plotted percentages of ammonium 
chloride in solution and in the corresponding crystals, respectively. 
The horizontal dotted lines, Ke, Hc, and Gb, Fb, represent the gaps 
of Fig. 1. The existence of any particular solid with a series of 
solutions would show itself as a vertical line. There is no such line 
in the figure. The nearest approach to it is in the neighbourhood 
of the line LH, corresponding with the composition of 2:1:2: 
but it is quite clear that the experimental curve does not coincide 
with the vertical line at more than the single intersection point «. 

If, now, one restricts the term compound to a solid which may 
exist in equilibrium with a series of solutions, then clearly there is 
no justification for supposing a compound 2: | : 2 to exist. 

The question of the criteria of a definite solid compound is one 
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of much interest from the point of view of the Phase Rule, and is 
perhaps best studied in a binary system. The line AD, as already 
sated, is an isothermal section of a binary system in which the two 
emponents are ammonium chloride and manganous chloride 
dihydrate, a system in which there are three series of mixed crystals 
and two gaps. It is easy to deduce from Roozeboom’s (loc. cit.) 
types with a single gap, or from isothermals of thermodynamic 
potential (¢-function) and composition of solid and liquid, typical 
diagrams for temperature-composition relations in which two gaps 
exist between series of mixed crystals. At the changes of curvature 
in the liquidus curve there may be two transition or two eutectic 
points, or one of each. Owing to the instability of the components, 
the binary system ammonium chloride—dihydrate, cannot be investi- 
gated at temperatures at which liquid phases appear. It is thus 
not possible to ascertain directly the type of the system. One 
may, however, obtain some clue from a consideration of the ternary 
isotherms if one admits that the addition of water to the binary 
system of solids has an effect closely analogous to that of the addition 
ofheat. In each case liquefaction is brought about as a main result. 
There are also other changes effected, such as ionic dissociation, 
which will differ more or less in the two cases, but consequent 
differences in other respects due to this may be qualitatively allowed 
for. Thus in the ternary concentration—temperature prism one 
may carry out an extrapolation from the 25° and 60° isotherms on 
to the temperature-composition plane of the binary system, 
ammonium chloride-manganous chloride dihydrate, in the manner 
represented quite diagrammatically in Fig. 4. 

The portion at the dihydrate end cannot be traced below the entry 
of the tetrahydrate at 25°, nor can one be certain of other parts 
shown by dots where the extrapolation line falls on different curves 
at the respective temperatures. An extrapolation to the binary 
solidus curves offers difficulties, but making allowances as far as 
possible one may conclude that the binary system, if obtainable, 
would be one of two eutectics, with the corresponding solids somewhat 
as shown by the interrupted curves. The intermediate curve passes 
through a maximum. The maximum, as it happens, is as nearly 
as possible at 60-2 per cent. of manganous chloride dihydrate, which 
is the composition of 2:1:2. This might scarcely have been 
expected in such an extrapolation. The general type is quite a 
familiar one in metallography, although not so common in salt 
work, 

Now the two-phase maximum point A is, from a phase-theory 
point of view, a one-component system, hence univariant. In 
the present case, the system is invariant because regarded as con- 

zz* 2 
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densed. But this single degree of freedom might also be exercised 
in arbitrary selection (within limits) of a composition for the solid, 
or one for the liquid, phase, these being the other two variables, 
The pressure would then require to be adjusted to maintain the 
system. Putting this conversely, the composition at the maximun 
point might vary with the pressure, although no doubt such variation 
would be exceedingly slight. The case is indeed similar to that 


of a constant-boiling (maximum temperature) binary liquid mixture 
such as is obtainable from hydrogen chloride and water, although 
here the dependence on temperature is so marked that the ter 
compound would never be applied even if the components wet 
present in integral molecular proportions. 

The question now arises as to whether a maximum ever dos 
indicate a compound. The claim that it does so is made in thos 
cases usually represented by a diagram such as Fig. 5. 
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The curve BAC gives solutions any one of which may be in 
quilibrium with solid of composition represented by the vertical 
ine AD. Such a case, however, is theoretically impossible. The 
yeas ABH, and AFC are two-phase univariant (condensed) systems. 
Therefore if the composition of one phase, the solid, be fixed, both 
temperature and composition of the liquid are fixed. If AF and 
4F are vertical, this certainly cannot be the case. Hence each must 
hve some inclination, however small, to the vertical, as shown 
by Ad and Ad’. A is thus always just a special member of a 
vries of mixed crystals, and if a mixed crystal be something quite 
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distinct from a compound, the latter term can never, strictly speak- 
ing be applied to the solid of composition of the maximum point. 
This is precisely the same point as that raised by Alkins (T7'rans. 
Inst. Metals, 1921, 25, 209) in another connexion. He used it to 
conclude that any two metals cannot be perfectly immiscible in 
the solid state. 

The whole question becomes merely one of definition of terms 
and amounts simply to asking how near Ad and Ad’ need approach 
to the vertical A/) to justify the application of the term compound 
to the composition of A. Only an arbitrary answer is possible, 
but whatever it may be it is unlikely to allow so much deviation 
as to permit 2NH,Cl,MnCl,,2H,O to be classed as a compound 
or double salt. 
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A few remarks may be made in conclusion regarding the formation 4 
of mixed crystals in these ternary solutions. It is obvious that only 
when the amount of solid formed is very small is the composition of the 
whole solid likely to be exactly that in equilibrium with the liquid. 
Otherwise the solid may be a succession of layers of different com. - 
positions, of which only the outer is in equilibrium with the liquid. 


We have always worked with complexes calculated to give only a 
a small proportion of solid. Nevertheless, the limits of the gaps Ux 
between series cannot be considered to have been exactly determined: 
nor are our tie-lines always identical with those of Foote and Saxton 
(loc. cit.), doubtless partly for the same reason. In addition, how. 
ever, it has been proved that the composition of the mixed crystal 
varies for some hours with the time for which it has been in contact | 
with the solution. It would seem as though a supersaturated solid 
solution, or mixed crystal, were at first formed, and that this then 
steadily rejected one of its constituents, the crystals undergoing 
fracture in the process. The following figures give an example at 
60°. IN a 
Percentage composition. sugge 
, Solid (by extrapolation meth 
Time of from solution and ‘ 
shaking. Solution. residue). formt 
NH,Cl MnCl,  NH,Cl MnCl, 
1 hour 29°8 97 77°3 17°5 
24 and Me/ 
96 hours 29°5 10-2 78°4 16°6 | 
This is a fairly common phenomenon and will be mentioned : 
again in the more striking case of the ternary system, ammonium 
chloride-ferric chloride—water, about which some considerations 
will be advanced in a subsequent paper. The 
two fc 
Summary. direct 
the su 
1. The 60° isotherm of the ternary system ammonium chloride-] yj; , 
manganous chloride—water, shows three distinct curves in equilibrium hydroa 
respectively with three sets of mixed crystals, there being two gaps introg 
in the series of solids ranging from pure ammonium chloride to pure§ yi, 
manganous chloride dihydrate. lead ¢ 


2. The composition of the hitherto accepted compound§ ip, 
2NH,C1,MnCl,,2H,O occurs in the second or intermediate series Of jy yy 
mixed crystals. At any selected temperature a solid of this comfpij.q 
position can exist in equilibrium with one solution only. It | 7p, 
suggested that there is no justification for applying the term com-§3 ),,47/ 
pound in such a case. prelimi 

3. The 25° isotherm has been worked out and explained in accord: readily 
ance with deductions from that at 60°. toluic ; 


TC, 


nation 
at only 
1 of the 
liquid. 
t com- 
liquid. 
e only 
e gaps 
nined : 
Saxton 
, how- 
rystal 
ontact 
1 solid 
s then 
Tgoing 
iple at 


tioned 
onium 
rations 


loride- 
librium 
yO gaps 
to pure 


npound 
ries of 
is Con- 

It i 
m con. 


accord 


— .. 


SYNTHESIS OF 1 : 6-DIHYDROXY-2-METHYLANTHRAQUINONE. 1339 


4. The probable type of the binary system ammonium chloride— 
manganous chloride dihydrate, is discussed and some considerations 
are advanced regarding the significance of maxima on concentration— 
composition curves. 

5. Some observations on the behaviour of mixed crystals are 
recorded. 


UNIVERSITY OF MELBOURNE. [Received, June 7th, 1921.] 


CLIII.—Synthesis of 1: 6-Dihydroxy-2-methyl- 
anthraquinone. 


By Joun Lionet StmMonseEN and Mapyar Gopat Rav. 


In a recent communication (Simonsen, T., 1918, 113, 766) it was 
suggested that morindone was most probably either hydroxy- 
methylanthrarufin (I) or hydroxymethylchrysazin (II), the former 
formula being preferred. 


OH CO OH CO OH OH CO 
ae Me’ \“ \“ Now Me/ il 
PT et te ET Fol iY. to 
a al ei i Nt Wat 
CO OH CO CO 
(1.) (IT.) (IIT.) 


The only satisfactory method for differentiating between these 
two formule appeared to be by synthesis, and experiments in this 
direction were therefore undertaken, the results obtained forming 
the subject of this communication. 

It was decided to attempt to prepare in the first place 1 : 6-di- 
hydroxy-2-methylanthraquinone (III), since this substance, on the 
introduction of a third hydroxy-group by one of the methods 
which are usually successful in the anthraquinone series, would 
lad directly to the required hydroxymethylanthrarufin. The 
synthesis of 1 : 6-dihydroxy-2-methylanthraquinone was successful, 
but unfortunately all efforts to introduce the third hydroxy-group 
failed. 

The first stage in the synthesis entailed the preparation of 
3-methory-4-methyl-o-phthalic acid (IX), which, after a number of 
preliminary experiments, was ultimately found to be obtained most 
readily by the following series of reactions. When 2-methoxy-p- 
toluic acid (IV) was treated with nitric acid under the conditions 
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described in the experimental part of this paper (p. 1342), it was 
converted quantitatively into 3-nitro-2-methoxy-p-toluic acid (V). 
The constitution of this nitro-acid was determined by the elimination 
of the carboxyl group and subsequent hydrolysis of the nitro. 
methoxycresol with formation of 3-nitro-o-cresol (VI). 


Me 

"g ‘OMe 
a 
GOH 
(IV.) 
Me 


OMe 
NH, 
CO,H 


(VII.) (VIII.) 


The formation of this nitro-acid was somewhat unexpected, and 
is another example of the powerful orientating influence exercised 
by methoxy-groups, to which attention has already been directed 
by the authors (T., 1917, 111, 220; 1918, 113, 22). 3-Nitro-2- 
methoxy-p-toluic acid on reduction was converted into the amino- 
acid (VII), and this, when diazotised and treated with cuprous 
cyanide, gave 2-methoxy-3-cyano-p-toluic acid (VIII). It was 
anticipated that considerable difficulty would be experienced in 
hydrolysing the cyano-acid, but contrary to expectation the acid 
on boiling with water (see p. 1344) yielded the required phthalic 
acid (IX). So far as the authors are aware, no case is known in 
which a cyano-acid with two substituents in the ortho-positions 
undergoes hydrolysis with such remarkable ease (compare Sud- 
borough, T., 1895, 67, 601; Sudborough, James, and Lloyd, ibid. 
1897, 71, 229; Cain, Ber., 1895, 38, 969). 

3-Methoxy-4-methylphthalic anhydride was condensed with anisole 
by means of aluminium chloride in the usual manner. It is obvious 
that the condensation can proceed with the formation of either 
2 : 4’-dimethoxy-3-methylbenzophenone-6-carboxylic acid (X) « 
3 ; 4’-dimethoxy-4-methylbenzophenone-2-carboxylic acid (X1). 


OMe CO CO OMe CO 
Me YY Mel YS 


° f* 
ote el Yo mts Me 


(X.) (XI.) (XII) 


The acid resulting from the aluminium chloride reaction w% 
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fund to be quite homogeneous, although partial hydrolysis had 
taken place with formation of a hydroxymethoxy-acid which we con- 
jider to be most probably represented by formula (XII), the corre- 
gonding methyl ether having formula (X). A large number of 
experiments were made with the object of obtaining direct evidence 
in support of this view, but all attempts to eliminate the carboxyl 
goup with formation of the benzophenone were unsuccessful.* 
The main evidence in support of formula (X) as opposed to 
formula (XI) was the fact that the acid was readily methylated by 
the Victor Meyer method with formation of the corresponding 
nethyl ether. Further, the acid was found to be extremely stable 
ad could be heated far above its melting point without loss of 
carbon dioxide, a property not usually found in acids having a 
erboxyl group in the ortho-position to hydroxy- or methoxy- 
goups. It is recognised that this cannot be regarded as an absolute 
proof, since it has been shown by Graebe (Ber., 1900, 33, 3026) 


Me CO,H 


PhCco/’ \coph PhCO’” \COPh 
HO,C\ JOH HO,CL Me 


(XIIL.) (XIV.) 


and by Mills and Easterfield (T., 1902, 81, 1313) that the two 
isomeric dibenzoyluvitic acids (XIII) and (XIV) are both readily 
nethylated by methyl alcohol and hydrochloric acid. 


* 2: 4-Dimethoxy-3-methylbenzophenone was obtained as an oil by the 
condensation of 2-methoxy-m-toluoyl chloride and anisole; 3-4’-dimethory- 
4-methylbenzophenone, prepared from 2-methoxy-p-toluoyl chloride and anisole, 
crystallised from methyl alcohol in prisms melting at 77—78° (Found : 
C=746; H=5°9. C,,H,,0, requires C=75°0; H=6:2 per cent.). 

t Preliminary experiments on the condensation of hemipinic anhydride 
and o-cresol by the method recently described by Ullmann and Schmidt 
(Ber., 1919, 52, [B], 2098) have shown that the main product of the reaction 
was an acid melting at 251—252° (Found: C=64:3; H=4°8. C,,H,,0, 
requires C=64°5; H=5:l percent.). This acid is in all probability 2’-hydroxy- 
2: 3-dimethoxy-3’-methylbenzophenone-6-carborylic acid (XV), since when 

OMe CO OH 
OMe’ \” \/ \Me 


\ JON 
(XV.) 

warmed with sulphuric acid it yielded an anthraquinone dissolving in 
sulphuric acid with a reddish-purple colour which on the addition of boric 
acid became deep purple, a colour reaction characteristic of hydroxychrysazin 
derivatives, since hydroxyanthrarufin derivatives yield a blue colour on 
addition of boric acid to a sulphuric acid solution. The formation of this 
acid tends to support the formula (X) ascribed to the acid obtained by the 
condensation of anisole and 3-methoxy-4-methyl-o-phthalic acid, since in 
both cases it is the 2-carboxyl group which reacts. 
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The benzoylbenzoic acid was readily converted by treatment 
with sulphuric acid into 1 : 6-dimethoxy-2-methylanthraquinone (Il), 
All attempts to introduce a third hydroxy-group into the molecule 
were, however, unsuccessful and in view of the difficulty of pre. 
paring the anthraquinone in quantity further experiments in this 
direction were abandoned. 


EXPERIMENTAL. 
3-Nitro-2-methoxy-p-toluic Acid (V). 


Finely powdered 2-methoxy-p-toluic acid * (6 grams) was slowly 
added to a mixture of nitric acid (d 1°5) (12 grams) and acetic 
anhydride (24 grams), the mixture being well cooled in ice-water. 
The acid readily dissolved, and after remaining for about fifteen 
minutes, during which time the temperature was allowed to rise 
to between 20° and 30°, the reaction mixture was poured on to 
ice, when an oil separated which rapidly solidified. The acid was 
collected and a further quantity separated from the filtrate on 
saturation with ammonium sulphate (yield 7 to 8 grams). 

The nitro-acid, which was found to be homogeneous, was purified 
by crystallisation from a large quantity of hot water, when it 
separated in long, prismatic needles melting at 165—166° (Found: 
N=6°'8. C,H,O;N requires N=6°6 per cent.). 

3-Nitro-2-methoxy-p-toluic acid was somewhat readily soluble in 
hot water, but much more sparingly soluble in cold; it was found 
to be readily soluble in all the ordinary organic solvents. 

The amide, which was prepared from the acid chloride in the usual 
manner, crystallised from hot water in long, colourless needles 
melting at 142° (Found: N=13°7. C,H,)0,N, requires N=133 
per cent.). 

3-Nitro-2-methoxy-p-toluidine—For the preparation of this sub- 
stance the amide (1°5 grams) was added gradually to a well-cooled 
solution of bromine (0°8 gram) in potassium hydroxide solution 
(35 c.c.) (1°7 grams of KOH). The amide rapidly passed into 
solution and on warming on the water-bath an orange-coloured oil 
separated. This was extracted with ether and the ether dried and 
evaporated, when the base was obtained as a viscid, orange-yellov 
oil which did not solidify. The acetyl derivative, prepared in the 
usual manner, crystallised from hot water in colourless needles 
which melted at 92—93° (Found: N=12°6. C, 9H,,0,N, require 
N=12°5 per cent.). 

* Methyl 2-methoxy-p-toluate (compare Perkin and Weizmann, T., 1906, 
89, 1658) was obtained in prismatic needles melting at 51—52° (Found: 
C=67°0; H=6°5. Cale., C=66°6; H=6-6:per cent.). 
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Diazotisation of 3-Nitro-2-methoxy-p-toluidine. 


3.Nitro-o-cresol.—The base (1 gram) was dissolved in a mixture 
dfalcohol (10 c.c.) and sulphuric acid (0°8 gram) and the well-cooled 
lution treated with amyl nitrite (1-5 grams). When the reaction 
yas complete, the mixture was heated on the water-bath until all 
olution of nitrogen had ceased, water added, and the nitrotolyl 
nethyl ether extracted with ether. 

The methyl ether, which was an oil, was identified by conversion 
into the cresol by hydrolysis with hydrochloric acid at 140°. The 
3.nitro-o-cresol thus obtained was purified by distillation in steam, 
when it separated in yellow needles melting at 69°5°, and this 
nelting point was not altered on admixture with a specimen of 
the nitrocresol from another source. 

1-Methoxy-2-methylphenanthraphenazine.—A further proof of the 
constitution of the above-mentioned nitroamine was furnished by 
its reduction to the corresponding diamine by tin and hydrochloric 
widin the usual manner. This was converted into the phenanthra- 
phenazine by the method described by Jones and Robinson (T., 
1917,111, 924). This substance crystallised from acetic acid in felted, 
yellow needles melting at 187°. It dissolved in concentrated sul- 
phuric acid, yielding a magenta-coloured solution; a neutral 
lution exhibited no fluorescence (Found: N=9°0. C,.H,,ON, 
requires N==8°6 per cent.). 


3-Amino-2-methoxy-p-toluic Acid (VII). 


If the following conditions are closely adhered to, an excellent 
yield of the amino-acid may be obtained. The nitro-acid (10 
grams) was dissolved in concentrated ammonia (25 c.c.) and added 
gradually to a solution of ferrous sulphate (80 grams) in water 
(140 ¢.c.), the mixture being kept on a vigorously boiling water- 
bath until all reaction had ceased. The filtrate (the residue should 
be washed with the minimum quantity of hot water) was evaporated 
on the water-bath until the ammonium salt began to separate from 
the hot solution, filtered from a trace of tar, and made just acid 
with dilute hydrochloric acid, when the amino-acid separated 
(yield 7-5 grams). 

3-Amino-2-methoxy-p-toluic acid separated from hot water, in 
which it was somewhat readily soluble, in long, prismatic needles 
melting at 162°. For analysis it was dried at 115° (Found : C=59°6; 
H=60; N=7°6. C,H,,0,N requires C=59°7; H=6:1; N=7°7 
per cent.). The acid was readily soluble in alcohol, ethyl acetate, 
or acetone, moderately soluble in hot water, but only sparingly so in 
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cold water, benzene, or light petroleum. Both the hydrochloride anj 
sulphate were somewhat sparingly soluble in cold water, the former: 
crystallising in rhombic plates, the latter in minute needles. 

The platinichloride was obtained in straw-coloured needles, 
which decomposed at 220° (Found : Pt=25°2. (C,H,,0,N Jos HPC, 
requires Pt=25°3 per cent.). 

The acetyl derivative crystallised from hot water in long needles 
melting at 191°. It was found to be readily soluble in most of the 
ordinary organic solvents. 


2-Methoxy-3-cyano-p-toluic Acid (VIII). 


The amino-acid (1 gram) was dissolved in hydrochloric acij 
(d 1°18) (1°5 c.c.) and water (5 c.c.) and the ice-cold solution treated 
with an aqueous solution of sodium nitrite (NaNO, 0°4 gram), 
When diazotisation was complete, the solution was filtered and 
added to a hot solution of potassium cyanide (1°6 grams) and copper 
sulphate (1°4 grams) in water (20 c.c.). All evolution of nitrogen 
having ceased, the mixture was cooled, rendered acid to congo. 
paper with dilute hydrochloric acid, and allowed to remain in the 
cold for several hours. The mixture of the cyano-acid and cuprous 
cyanide which had separated was collected, dissolved in dilute 
ammonia, the solution filtered, and the filtrate acidified, when the 
cyano-acid was deposited as an almost colourless, crystalline mass 
(yield 0°9 gram). For analysis, it was purified by crystallisation 
from dilute methyl] alcohol, when it was obtained in slender needles 
melting at 186° (Found: C=62°7; H=48; N=7°5. C,)H,0,\ 
requires C=62°8; H=4°7; N=7'3 per cent.). 

2-Methoxy-3-cyano-p-toluic acid was found to be readily soluble 
in the majority of organic solvents; it was sparingly soluble in 
cold water, more readily soluble in hot. When the aqueous solution 
of the cyano-acid was boiled, hydrolysis gradually took place with 
formation of the phthalic acid. 

The silver salt crystallised from hot water in short, prismatic 
needles (Found: Ag=36'0. C,)H,O,NAg requires Ag=36:2 pe 
cent.). 


3-Methoxy-4-methyl-o-phthalic Acid and its Anhydride (IX). 


The anhydride was readily prepared by heating the cyano-acil 
(3 grams) with sulphuric acid (75 per cent.) (4°5 c.c.) on the water 
bath for three hours. On pouring on to ice, the anhydride separate 
as a white, crystalline powder, which was purified by crystallisation 
from toluene (Found: C=62'4; H=4-4. C, )H,O, requir 
C=62°5; H=4:2 per cent.). 
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3-Methoxy-4-methyl-o-phthalic anhydride separated from toluene 
nlong needles melting at 135°. It was found to be readily soluble 
nacetic acid or chloroform ; in cold water, it was sparingly soluble, 
nore readily soluble in hot, being converted into the acid on boiling 
the solution. 

When the mother-liquor from which the anhydride had been 
eparated was saturated with hydrogen chloride, the phthalic acid 
was precipitated. It was purified by crystallisation from a small 
quantity of hot water (Found: C=56'9; H=4°7. C,9H40; 
requires C=57°1; H=4°8 per cent.). 

3-Methoxy-4-methyl-o-phthalic acid crystallised in short prisms 
which decomposed at about 175—176° with formation of the 
ahydride, the decomposition point being found to vary some- 
vhat with the rate of heating. It was readily soluble in most 
oganic solvents with the exception of chloroform and was somewhat 
garingly soluble in cold water. 

The barium salt crystallised in fine needles which were somewhat 
garingly soluble in hot water, whilst the silver salt was obtained 
in minute prisms (Found: Ag=50°9. C,)H,O;Ag, requires Ag= 
il'0 per cent.). 

The imide was readily obtained when the anhydride was treated 
vith ammonia, the temperature being gradually raised during the 
course of three hours from 130° to 250°. It was purified by sub- 


imation and finally by crystallisation from dilute methyl alcohol, 
from which it separated in small needles melting at 228°. It was 
very sparingly soluble in water, ether, benzene, or light petroleum, 
and readily soluble in chloroform or acetic acid (Found : C=62°9; 
H=49. C, 9H,O,N requires C=62°8; H=4°7 per cent.). 


Condensation of 3-Methoxy-4-methyl-o-phthalic Anhydride and 
Anisole. 4’-Hydroxy-2-methoxy-3-methylbenzophenone-6-carb- 
oxylic Acid (XII). 


In one experiment the anhydride (1 gram) was dissolved in anisole 
(l0 c.c.) and freshly-prepared aluminium chloride (2 grams) was 
gradually added to the mixture. A vigorous reaction took place, 
and after heating on the water-bath for two to three hours, when 
all evolution of hydrogen chloride had ceased, the deep red mixture 
was cooled, treated with ice-water, and the excess of anisole removed 
i steam. On keeping, the residual liquor deposited a pink, 
crystalline powder, which was collected and drained on porous 
Porcelain (yield 1°5 grams). The crude acid was dissolved in 
dilute sodium hydroxide solution, filtered to remove a trace of 
tar, and the solution acidified with dilute hydrochloric acid, when 
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the benzophenonecarboxylic acid separated as a pasty mass which 
slowly crystallised. It was purified by crystallisation from dilute 
methyl alcohol, from which it separated in balls of radiating needles * 
(Found : C=67:1; H=4'7; OMe=10°8. C©,;H,,;O,°OMe requires 
C=67-:1; H=4-9; OMe=10-9 per cent.). 

4’- Hydroxy -2- methoxy -3-methylbenzophenone-6-carboxylic acid 
melted at 218°. It was very sparingly soluble in water, toluene, 
or chloroform and more readily soluble in methyl alcohol, acetone, 
or acetic acid. Its alcoholic solution gave no colour with ferric 
chloride solution. 

The silver salt was obtained as a caseous, white precipitate 
(Found: Ag=27°4. C,,H,,0;Ag requires Ag=27°5 per cent.). 

Methyl 2 : 4’-Dimethoxy-3-methylbenzophenone-6-carboxylate.—The 
following method was found to be the most convenient for the 
preparation of this substance. The crude hydroxy-acid (5 grams) 
was mixed with methyl] alcohol (15 c.c.) and potassium hydroxide 
solution (50 per cent.) (4 ¢.c.) and after the addition of methyl 
iodide (5°8 grams) the mixture was heated in a soda-water bottle 
for six hours on the water-bath. On cooling, crystals of the methyl 
ether were observed to have separated. These were collected, 
washed with a little dilute alkali, and dried (yield 5 grams). A 
further quantity of a less pure product can be obtained by the 
addition of water to the mother-liquor. 

The methyl ether crystallised from methyl alcohol in colourless, 
prismatic needles melting at 162°. It was insoluble in water and 
only sparingly soluble in cold methyl alcohol. In the ordinary 
organic solvents it was readily soluble (Found : C=68°5; H=5°; 
OMe=29°8. C,,H,,0,[OMe], requires C=68'4; H=5°7; OMe= 
29°6 per cent.). 


2 : 4’-Dimethoxy-3-methylbenzophenone-6-carboxylic Acid (X). 


This acid was readily obtained by hydrolysing the above-mentioned 
methyl ether with alcoholic potassium hydroxide solution. After 
removing the alcohol on the water-bath, the aqueous solution was 
acidified, when the acid separated as a colourless, crystalline powder. 


* The hydroxytenzophenonecartoxylic acid was frequently contaminated 
with the corresponding methyl ether, which rendered its purification somewhat 
difficult; in the preparation of large quantities it was therefore not purified, 
but converted into methyl 2 : 4’-dimethoxy-3-methylbenzo phenone-6-carboxylat. 
From the mother-liquor from which the benzophenonecarboxylic acid had 
been separated a small quantity of a neutral substance, crystallising in needles & 
and melting at 100—115°, was extracted by ether. This has not been further 
investigated. 
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It was purified by crystallisation from dilute acetic acid, when it 
eparated in small needles melting at 205—206° (Found : C=68:2; 
H=5'3; OMe=20°6. C,,H, 90,(OMe), requires C=68°0; H=5°3; 
(Me=20°7 per cent.). 

2: 4'-Dimethoxy-3-methylbenzophenone-6-carboxylic acid was found 
to be readily soluble in the ordinary organic solvents, but very 
yaringly soluble in hot water. 

The silver salt, prepared in the usual manner, was obtained as a 
caseous, white precipitate (Found: Ag=26°8. C,,H,,0;Ag re- 
quires Ag=26°5 per cent.). The acid was found to be readily 
esterified by V. Meyer’s method. In one experiment the acid 
('5 gram) was dissolved in methyl alcohol (10 c.c.) and the ice-cold 
olution saturated with hydrogen chloride. On standing, crystals 
of the methyl ester gradually separated (0°3 gram) and melted 
darply at 162°. As has been mentioned in the introduction 
ip. 1341), the ready esterification of this acid is strong evidence in 
favour of the view that it is 2 : 4’-dimethoxy-3-methylbenzophenone- 
jcarboxylic acid. 


1 : 6-Dimethoxy-2-methylanthraquinone (III). 


For the preparation of this substance, the following method 
was found to be the most convenient. The foregoing benzophenone- 
carboxylic acid (1 gram) was dissolved in sulphuric acid (4 c.c.) 
and after the addition of phosphoric oxide (0°5 gram), the mixture 
was heated for half an hour at 140—150°. The deep red solution 
was poured into water and the dirty yellow precipitate which 
separated was collected, heated with potassium hydroxide solution 
to remove a considerable quantity of hydroxyanthraquinone which 
lad been formed, and the crude dimethoxyanthraquinone purified 
by repeated crystallisation from benzene (Found : C=72:2; H=4°8. 
(7H,40, requires C=72°4; H=4-9 per cent.). 

|: 6-Dimethoxy-2-methylanthraquinone crystallised from benzene 
in yellow needles melting at 182°. It dissolved in sulphuric acid 
with a deep red colour. 

The alkaline washings from which the dimethoxyanthraquinone 
tad been separated were acidified and the hydroxyanthraquinone 
vas purified by conversion into the acetyl derivative, which crystal- 
lied from acetic acid or alcohol in sulphur-yellow needles melting 
at 212° (Found: C=67'2; H=4:1. Cy H,,O, requires C=67°4; 
H=4'1 per cent.). 

|: 6-Dihydroxy-2-methylanthraquinone, which was obtained by 


the hydrolysis of the pure acetyl derivative, crystallised from acetic 


cid, in which it was somewhat sparingly soluble, in brown, bayonet- 
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shaped needles melting at 281°. It dissolved in alkali and j 
sulphuric acid with a red colour (Found: C=70°6; H=34 
C,;H, 90, requires C=70°9; H=3-9 per cent.). 
Forest RESEARCH INSTITUTE, 
Denra Don. (Received, July 6th, 1921,] 


CLIV .—Cupritartrates. 
By Jonn Packer and [an WiiitiaAM WaRKE. 


CoMPOUNDS containing complex negative cupritartrate radicle 
were first isolated by Werther (Jahresber., 1844, 432). He prepare 
two compounds, a neutral one, Na,Cu,C,H,0,,,7H,O, and another, 
Na,CuC,H,0,,5H,O, presumably identical with the mono-tartrate 
subsequently described by Bullnheimer and Seitz. 

Masson and Steele (T., 1899, 75, 725) described and analyse 
the potassium, silver, and lead salts of an acid, H,Cu,C,,H,0,,. 
Although the acid was too unstable to be prepared, the salts wer 
all stable with the exception of the silver salt, which darkened on 
exposure to light, and it was shown by electrolytic experiments 
that the copper was present in the negative radicle. The neutra 
potassium salt was obtained from a saturated solution of coppe 
tartrate in dilute potassium hydroxide solution, and it was found 
that five molecules of potassium hydroxide are able to dissolve 
four of copper tartrate. The other salts were prepared by doubk 
decomposition. 

Bullnheimer and Seitz (Ber., 1899, 32, 2347; 1900, 33, 81)) 
state that these neutral compounds are unstable and that the 
sodium salt is not the salt of Fehling’s solution. Alkaline potassium, 
sodium, and lithium cupritartrates were prepared in the present 
of excess alkali, and analysed. Two series of compounds wet 
obtained. 

1. Monotartrates of the type M’,CuC,H,O,+<2H,0. 

2. Ditartrates of the type M’,CuC,H,O,,M’,C,H,O,+2H,0. 

Pickering (T., 1911, 99, 169, and subsequent papers) prepare 
the sodium and potassium representatives of several new types 4 
cupritartrates, most of which are unstable. In no case was! 
complete analysis given, the percentage of alkali metal and coppt 
only being determined. Nevertheless, an attempt was made 
explain the structure of these compounds on the basis of th 
assumed quadrivalency of copper. The compounds were obté 
from solutions containing various proportions of sodium hyt 


ined Massc 
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wide, sodium carbonate, sodium tartrate or racemate, and copper 
iydroxide, and often it was difficult or impossible to purify them. 

Pickering obtained different values (5: 4 and 4:3) for the number 
i molecules of alkali needed to dissolve one molecule of copper 
tartrate with the production of an exactly neutral solution, accord- 
ig a8 the alkali was or was not specially prepared free from 
arbonate. From the neutral solutions thus obtained, a compound 
n which the atomic ratio Na: Cu was 2:3 was separated. This 
wmesponds with Werther’s compound, but not with that of Masson 
ind Steele, in which the ratio was 3:4. Pickering later prepared, 
fom a solution of copper racemate in sodium hydroxide, a com- 
pound yielding the latter ratio, but states that the 2 : 3-compound 
smuch easier to obtain. 

Schiff (Annalen, 1862, 123, 46) was the first to describe a com- 
pound obtained from a solution of copper tartrate in ammonia. 
He obtained it in the form of a blue glass, to which he assigned 
ibe formula CuC,H,0,,4NH,. The dihydrate was also prepared 
by Bullnheimer and Seitz in a crystalline form. They also describe 
another compound containing less ammonia. In both papers it is 
assumed that the copper is present in the positive ion, and that 
these compounds are typical tetra-amminecupric salts with the 
positive ion Cu(NH,),"°. 

In view of these somewhat conflicting reports it seemed advisable 
to undertake an investigation of cupritartrates, more especially in 
connexion with the neutral salts. 

The following neutral cupritartrates have been prepared and 
analysed. 

Sodium «-cupritartrate, Na,Cu,C,,H,O,,11H,0. 

Barium «-cupritartrate, Ba,(Cu,C,,H,Oj9).,27H,0. 

Ammonium «-cupritartrate, (NH,),Cu,C,,H,049,9H,O. 

These correspond with Masson and Steele’s compounds. 

Ammonium £-cupritartrate, (NH,),Cu,C,H,O,5,6H,O. 

This corresponds with Werther’s sodium salt, and with the neutral 
sodium and potassium compounds of Pickering. 

The «-cupritartrates are the most stable of all the cupritartrates. 
They show no signs of decomposition on keeping in the solid state 
orin solution. ‘The solutions are stable to carbon dioxide, and are 
not affected by boiling, nor will they, like alkaline cupritartrates, 
oxidise glucose. They cannot, therefore, be regarded as the active 
principles of Fehling’s solution. 

Synthetic experiments, in which the volume of N/3-sodium 
hydroxide solution just necessary to dissolve a known weight of 
pure copper tartrate was found, were carried out as described by 
Masson and Steele, and their results were fully confirmed (namely, 
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5NaOH : 4CuC,H,0,). Pickering’s ratio (4NaOH : 3CuC,H,0,) 
would be required for the production of those compounds which 
contain alkali metal and copper in the atomic ratio 2:3, for 
example, ammonium £-cupritartrate. 

Schiff’s alkaline ammonium salt has been obtained from solution 
as a hydrate, Cu(NH,),C,H,O,,H,O, and also by passing ammonia 
gas over ammonium «-cupritartrate. It has been shown by electro. 
lytic experiments that copper is present in the negative, and not 
in the positive, ion in all these ammonium salts. 

From the solution of sodium «-cupritartrate in sodium hydroxide, 
a few, definite, crystalline, alkaline compounds have been obtained, 
but most of them slowly undergo spontaneous decomposition. A 
very large number of cupritartrates undoubtedly exist, and, as a 
general rule, one may say that the more alkali they contain, the 
more unstable they are, and the more readily hydrolysed in solution, 
This is quite parallel to the case of the ammonium compounds, 
the more alkaline of which readily dissociate, giving off ammonia. 
All are oxidising agents and Fehling’s solution, with its excess of 
alkali, must contain one or more of them. 

Copper tartrate in the presence of alkali metal tartrates gives 
deep blue solutions. An attempt to obtain these soluble complexes 
in the solid form failed because the compounds are stable only in 
the presence of a large excess of the latter salts. 


EXPERIMENTAL. 


A. Neutral Cupritartrates. 


(1) Sodium «-Cupritartrate—To a saturated solution of copper 
tartrate in N/3-sodium hydroxide solution (5NaOH : 4CuC,H,0,) 
absolute alcohol was added slowly with constant stirring (2 vol. 
of alcohol to 1 vol. of solution). A fine blue, crystalline precipitate 
of sodium cupritartrate was thus obtained. 


5NaOH+4CuC,H,O,—Na,C,H,O,+Na,Cu,C,,H,019+4H,0. 


The precipitate was freed from sodium tartrate by washing with 
65 per cent. solution of alcohol, in which the blue crystals ar 
insoluble. These crystals were dissolved, reprecipitated, and washed 
again, finally with absolute alcohol, and then dried on a porols 
tile in the air. Larger crystals can be obtained by allowing slov 
diffusion of absolute alcohol into the solution of cupritartrate 
(Found: Na=7:10, 698; Cu=25°63, 25°73; C=1471, 43: 
H=3°30, 3°39; loss in a vacuum over concentrated sulphurie 
acid—=20°34. Na,Cu,C,,H,Oj,,11H,O. requires Na=7:05; Cu- 
25:99; C=14:'73; H=3:19; H,O=20°25 per cent.). 


H,0,) 
which 
3, for 


lution 
monia 
ectro- 
d not 


Oxide, 
xined, 
n, A 
, asa 
n, the 
ution, 
yunds, 
nonia. 
ess of 


gives 
plexes 
nly in 


PACKER AND WARK: CUPRITARTRATES. 1351 


In the analysis of these compounds the carbon was estimated 
by fusion with a lead chromate—potassium dichromate mixture, 
and the hydrogen in a separate combustion. Copper was estimated 
dectrolytically, and sodium as sulphate, after ignition to destroy 
the organic matter. 

(2) Barium «-cupritartrate was prepared as a pale blue, heavy, 
granular precipitate by double decomposition between solutions of 
barium chloride and sodium cupritartrate in equivalent proportions, 
the cupritartrate solution being slowly added to the other. The 
compound was washed free from chloride with water, in which it 
is only very slightly soluble, and dried in the air. It is soluble 
in excess of sodium cupritartrate solution (Found: Ba=16°70; 
(u=22°20; C=12°54; H=3°45. Ba ,Cu,gC,,H,.03¢,27H,O requires 
Ba=17°75 Cu=21°92; C=12°41; H=3-13 per cent.). 

(3) Neutral Ammonium «-Cupritartrate—It is possible to obtain 
this compound in several different forms. Complete saturation of 
a strong ammonia solution with copper tartrate until the reaction 
is quite neutral requires several weeks. Addition of absolute 
alcohol to the dark blue solution thus produced precipitates a 
blue, gammy substance. The adherent liquid is partly removed 
by pressing, when the mass acquires a beautiful lustre and becomes 
exceedingly sticky. By successive applications of absolute alcohol 
all the water is removed and, on rubbing, the mass quickly solidifies. 

If dilute alcohol be used for the precipitation, a fine amorphous 
form is obtained, which cannot be retained by a filter paper. 
Rubbing under absolute alcohol causes this precipitate to change 
into larger grains, which are quite easily filtered. 

If exposed to the air after washing with 60 per cent. alcohol 
(in which it is insoluble), the whole dissolves in the water left on 
evaporation of the alcohol and finally dries to a hard, amorphous, 
glassy mass. 

A crystalline form of the salt was prepared for analysis as follows. 
Absolute alcohol was added to a saturated solution of copper tartrate 
in ammonia until incipient crystallisation occurred. On standing, 
a good crop of blue crystals was deposited. These were washed 
with 60 per cent. alcohol, dissolved in water, and reprecipitated 
in order to ensure purity. The crystals were finally washed with 
absolute alcohol, which was removed by drying on a porous tile 
in a desiccator containing 80 per cent. alcohol. They were stable 
in the air on a dry day, but hygroscopic in moist weather. The 
compound gives the same precipitates with salts of the heavy 
metals, as does sodium «-cupritartrate (Found: N=4:55; Cu= 
7°50; C=15°52; H=4:55. (NH,)sCu,C,,H,0,9,9H,O requires N= 
453; Cu=27-41; C=15°52; H=4-24 per cent.). 
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B. Ammonium Cupritartrates. 


(1) Neutral ammonium «-cupritartrate has already been describej 
under A. 

(2) Neutral Ammonium 8-Cupritartrate—This was obtained jn 
an attempt to prepare a fresh sample of the «-compound. The 
ammonia solution used was less concentrated than formerly, the 
copper tartrate was not in contact with the ammonia for so long 
a period, and the crystals were not dried so rapidly. No other 
explanation can be offered for the production of a different com. 
pound, and the relationship between these compounds has not 
been more fully investigated at present [Found : N=4°36; Cu= 
29°19; C=15°17; H=4°45. (NH,),Cu,C,H,O,,,6H,O requires N= 
4°34; Cu=29°57; C=14:89; H=4-06 per cent.]. 

The small discrepancies are accounted for if we assume the 
presence of a small amount of the «-compound as impurity. 

The equation for the synthesis may be written 


4NH,-OH+3CuC,H,0,= 
(NH,).C,H,0,-+ (NH,).Cu,C,H,0,5+-3H,0 


(3) Alkaline Ammonium Cupritartrate (Schiff’s Salt).—When 


ammonia in excess is added to the neutral solution of copper 
tartrate in ammonia, a deeper violet-blue solution is obtained; 
this may be taken to indicate the production of a new compound. 
If a small amount of absolute alcohol be added to this solution, 
beautiful, violet-blue crystals are deposited. If the solution is 
sufficiently concentrated, crystals can be obtained without the 
addition of alcohol. Sometimes an oily layer containing the salt 
separates instead of the crystals, but stirring with absolute alcohol 
and concentrated ammonia causes crystallisation. On_ standing 
overnight, a solution brought to incipient crystallisation by addition 
of alcohol deposits a large crop of well-formed erystals. For analysis 
these were dissolved and reprecipitated (by ‘“ seeding ’’), washed 
with a mixture of alcohol and ammonia and finally with alcoho 
and ether, and dried over sodium hydroxide in a desiccator (Found: 
N=18°30; Cu=21:30; C=1614; H=6-26. Cu(NH,),C,H,0,,H,0 
requires N=18°82; Cu=21°36; C=16:13; H=6-09 per cent.). 

The compound very readily dissociates when in the crystalline 
form, giving off ammonia. Schiff describes his compound as being 
stable in air; he, however, prepared it in the form of a glass, from 
the interior of which ammonia would be unable to escape. 

The compound may also be prepared by the action of dry 
ammonia gas’ on the neutral ammonium «-compound according 
to the equation, as shown by quantitative experiments. 
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(NH,),CuyC,,H019,9H,O+ 13NH,= 
3Cu(NH,),C,H,0,,H,0+Cu(NH,),(OH).+7H,9. 
(4) Electrolysis and the Ions.—These experiments were carried 
out with the object of ascertaining whether the colour of the 
glutions was due to the positive or negative ions. The method 
adopted was that of Masson (Phil. T'rans., 1899, 192, [A], 331), 
asolution of the pure salt in both the anode and the cathode com- 
partments being used, and a joining tube containing potassium 
chloride in gelatin. 
(a) Neutral Ammonium «-Compound.—Copper tartrate. was de- 


posited at the anode and a gas evolved. At the cathode, copper 


was deposited and ammonia evolved. <A blue anion appeared in 
the connecting tube; after a time a darker blue anion also appeared 
(probably due to the formation of Schiff’s salt in the cathode com- 
partment by interaction with the ammonia there liberated). The 
precipitates of copper and copper tartrate are due to secondary 
actions, but the liberation of ammonia is to be expected if ammonium 
isthe positive radicle of the salt. There was no appearance of a 
blue cation in the connecting tube. 

(6) Alkaline Compound.—lf the solution obtained by dissolving 
copper tartrate in excess of ammonia be electrolysed in the apparatus 
described, a dark blue positive ion travels down the tube and a 


-Bviolet-blue negative ion moves in the opposite direction. This 
confirms the equation given, at least qualitatively, for the production 
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of the alkaline from the neutral compound, when both a blue 
positive ion, Cu(NH,),"*, and a violet-blue negative ion are formed. 

With a solution of the pure alkaline ammonium compound no 
coloured positive ion is produced, but in the anode compartment 
the solution gradually becomes neutral and its colour changes to 
that of the neutral «-compound, when copper tartrate is deposited 
m the anode and gassing occurs. At the cathode, copper is 
deposited and some ammonia evolved. The production of copper 
is due to reduction at the cathode. 


C. Alkaline Alkali-metal Compounds, 


A very large number exists, but they are as a rule very unstable, 
stability increasing with alkali content. All are able to oxidise 


ySucose. These alkaline solutions behave differently on boiling, 


«cording to the proportion of alkali they contain. With small 
amounts of alkali the solutions precipitate cuprous oxide and 
change in colour, but with larger amounts of alkali boiling for a 
hort time does not produce any apparent change. 

(1) Sodium Cupritartrate-B.—Masson and Steele at the end of 
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their paper mention a compound in which the atomic ratip 
Na: Cu=7: 4. 

When copper tartrate is dissolved in sodium hydroxide solution 
in the proportion 2NaOH : CuC,H,0,, and 90 per cent. alcohol 
added to the deep blue solution, separation into two layers occurs, 
The lower oily layer is blue and contains the complex salt. (n 
rubbing this layer with successive small quantities of absolute 
alcohol, it gradually thickens, and when all the water is extracted, 
finally crystallises. For analysis, the oily material was washed 
with 60 per cent. alcohol until the washings were neutral, dissolved 
in water, reprecipitated, and crystallised as described above. The 
crystals were washed with absolute alcohol and ether, and quickly 
dried in the air at 25° (Found: Na=12°92; Cu=20°34; C=15'17: 
H=3:24. 7NaOH,4CuC,H,0,,7H,O requires Na= 12°86; Cu=20°30; 
C=15°33; H=2°98 per cent.). In the air this salt readily absorhs 
carbon dioxide and moisture. 

The crystals are exceedingly hygroscopic and readily decompos 
in the air with the production of a green, oily substance which 
sets to a green, enamel-like solid. On heating at 100°, or even at 
the ordinary temperature, the crystals decompose. 

(2) An attempt was made to prepare the corresponding potassium 
salt, but a compound (Cu=21-92; K=10°70 per cent.) was obtained 
which gave results corresponding with the formula K,Cu,C,,H,,0,; 
or 4KOH,4CuC,H,0,,Cu(OH),,15H,0. 

(3) A more alkaline compound was obtained by dissolving 
copper tartrate in sodium hydroxide solution in the proportion 
CuC,H,0, : 6NaOH, and treating the solution as described under 
sodium cupritartrate-B. It was a deeper blue in colour, and 
decomposed more readily than the less alkaline compound. De- 
composition at the ordinary temperature was quite marked afte 
a week or so. The solution, however, was stable on boiling, but 
readily oxidised glucose (Found: Na=17:20; Cu=16°75; C=14'll; 
H=3'34 per cent. These figures agree well with a somewhat 
complex formula, Na,,CugC3,H,;O9,). 


D. Attempt to Isolate the Blue Complex. 


Copper tartrate dissolves readily in a solution of Rochelle salt, 
sodium tartrate, or potassium tartrate. Ninety per cent. alcohd 
causes a separation into two layers, the lower being dark blue 
Colourless crystals of alkali-metal tartrate were readily deposited 
from this oily layer, especially on treatment with alcohol. By? 
series of fractional precipitations of this oily layer from aqueots 
solution by alcohol, an attempt was made to obtain the blu 
complex free from alkali-metal tartrate, but on crystallisation af 
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the purified oil in a desiccator, only crystals of alkali-metal tartrate, 
coloured in places by the complex, were obtained. 

The solutions all showed a marked tendency to deposit cuprous 
oxide, and were originally feebly acid, but after purification became 
neutral. 

The dark blue complex here encountered is apparently stable 
only in the presence of a high concentration of alkali-metal tartrate. 

It is of interest to note that barium tartrate also is soluble in 
solutions of sodium or potassium tartrate. 


Summary. 


The following compounds have been described and analysed. 

I. Neutral «-Cupritartrates. 

(1) Sodium «-cupritartrate, Na,Cu,C,,H,O,,,11H,0. 

(2) Barium «-cupritartrate, Ba;(Cu,C,,H,O,9).,27H,O. 

(3) Ammonium «-cupritartrate, (NH,),Cu,C,.H,O,,,9H,O. 

These correspond with Masson and Steele’s potassium, silver, and 
lead salts. 

Il. Alkaline Alkali-metal Compounds. 

(1) The sodium compound, 4CuC,H,0,,7NaOH,7H,O, obtained 
by dissolving copper tartrate in sodium hydroxide solution in the 
proportion CuC,H,O, : 2NaOH. 

(2) A potassium compound, using the same synthetic proportions 
asin (1), yet yielding the atomic ratio K : Cu=4: 5. 

(3) A more alkaline sodium compound by dissolving copper 
tartrate in sodium hydroxide solution in the proportion 

CuC,H,0, : 6NaOH. 

II. Ammonium Compounds. 

(1) Neutral «-cupritartrate. See under I. 

(2) Neutral ammonium (-cupritartrate, (NH,),Cu,C,H,O,3,6H,0. 

(3) Alkaline ammonium compound, Cu(NH;),C,H,0;,H,O, or 
(NH,),CuC,H,O,,2NH, (Schiff’s salt). 

The following empirical mode of formulation shows the relation- 
hip between these compounds. Water of crystallisation is omitted. 

(NH,),Cu,C,H,O,, = 2(CuNH,H,C,0,),CuO 
(NH,),Cu,C,.H,O,. = 3(CuNH,H,C,0,),CuO } neutral. 
Na,Cu,C,.H,O,, =3(CuNaH,C,0,),CuO 
K,Cu,C,,H,,0,, =4(CuKH,C,0,),CuO 
Cu(NH;),C,H,O, =Cu(NH,),C,0,. 


The subject of this research was suggested to us by Professor 


‘f Yasson, to whom we are further indebted for much valuable advice 
and assistance. 


UNIveRSIty Oy MELBOURNE. [Received, May 9th, 1921.} 
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Baty AND CoLiz (T., 1905, 87, 1332) showed that the introduction 
of a nitro-group into the benzene nucleus brought about a con. 
plete change in the vibration of the benzene molecule. It is there. 
fore not surprising to find marked abnormalities in chemical pn. 
perties in the case of aromatic nitro-compounds. This is very 
pronounced in the case of the polynitro-compounds, and especially 
in those substances where the disposition of the nitro-groups is 
such as to allow them to exert a joint ortho-para-influence. hh 
picryl chloride, for example, such a structure is present and is 
characterised by the extreme lability of the halogen atom, which 
is replaced by an amino-group by the action of ammonia. 

The chemical nature of the polynitro-compounds has been studied 


by examining their behaviour on treatment with hydrazine. Rothen-§. 
burg (Ber., 1893, 26, 2060) first pointed out that hydrazine reduced . 


the simple aromatic nitro-compounds to the corresponding amines. 
Curtius and his co-workers (J. pr. Chem., 1907, [ii], 76, 233, 28], 
301) gave further examples of the same kind and showed that in 
the case of the dinitro-compounds one only of the groups wa 
reduced. Giua (Gazzetta, 1919, 49, [ii], 146, 152, 166) has examined 
the effect of hydrazine on trinitro-aromatic compounds in which 
the nitro-groups exert an ortho-para-influence. In such casei 
replacement of the labile group occurs with the formation of sub- 
stituted hydrazines. A similar effect has been observed by Purgotii 
(Gazzetta, 1894, 24, [i], 112), who found that on boiling a mixtur 
of hydrazine sulphate and potassium hydroxide with picry] chlorié 
in alcoholic solution crystals of picryl hydrazide result. 

It was thought that alkaline hydrazine solutions should prov 
useful in studying the chemical nature of the substituted nitn 
methanes, more especially with a view to examine the reactivil 
of the halogen atom in the halogen derivatives. In the case @ 
tetranitromethane it was found by one of us (T., 1920, 117, % 
that, as in the case of the trinitro-aromatic compounds, no reductid 
of the nitro-groups to amino-groups occurred on treatment Wi 
alkaline hydrazine, but one of the nitro-groups was removed, #! 
potassium salt of nitroform being produced. The reaction talt 
place quantitatively, as measurements of the liberated nitrog 
are in agreement with the equation : 


2C(NO,),-+N,H,+4KOH=2(NO,),CK+2KNO,+N,+4H,0. 


Nitrog 
with th 
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The action of hydrazine has been extended to the case of other 
substituted nitromethanes and the results are now recorded. 
Chlorotrinitromethane, bromotrinitromethane, bromodinitrome- 
thane, dibromodinitromethane, trichloronitromethane, phenylbromo- 
dinitromethane, and bromonitromethane have been examined, and, 
with the exception of the last compound, all these substances readily 
oxidise hydrazine in alkaline solution with the liberation of nitrogen 
‘Bat the ordinary temperature. The reaction is in all cases quanti- 
‘B tative and may be used to estimate the amounts of the different 
‘B nitro-compounds present in solution. In the estimations a van 
Slyke nitrometer (J. Biol. Chem., 1912, 12, 278) was used and was 
found to be much more convenient than the method previously 
described (loc. cit.). 

Chlorotrinitromethane.—This was prepared by the method out- 
lined by us (this vol., p. 354). Ten c.c. of an alcoholic solution 
containing 10°0558 grams per 100 c.c. were introduced into the 
deaminising bulb of the nitrometer and 10 c.c. of a freshly prepared, 
alkaline solution of hydrazine were then added. The latter solution 
§ isconveniently prepared by dissolving 10 grams of hydrazine sulphate 
in 80 c.c. of hot water and adding 20 grams of potassium hydroxide. 


xo) Alter cooling and filtering, the solution is diluted to 100 c.c. 


Nitrogen is quickly evolved when the chloronitroform is treated 


with this solution, the reaction proceeding according to the equation : 
2C(NO,),Cl+-N,H,+4KOH=2(NO,),CK+2KCI+ N,+4H,0. 


§ Aseries of estimations with the above solutions gave values of 

10°03, 10°05, 10°00, and 10°12 grams of chloronitroform per 100 c.c. 
§ The salt precipitated during the reaction was collected and examined. 
After recrystallisation, it gave a result too low for the potassium 
..@content of the salt of nitroform, and so is probably a mixture of 
the potassium and hydrazine salts. After acidifying an aqueous 
solution of the salt and extracting with ether, the potassium salt 
of nitroform was isolated by adding alcoholic potassium hydroxide 
to the ethereal extract (Found: K=20°5. Cale., K=20°64 per 
‘mcent.). It is therefore apparent that the halogen atom in chloro- 
trinitromethane is labile, being easily removed by hydrazine reduc- 
tion. The equation of the reaction established above shows that 
in this case there is no reduction of the nitro-groups to amino- 
groups, the substance behaving chemically like the polynitro- 
aromatic compounds, in which the groups exert the ortho-para- 
influence, 

Bromotrinitromethane.—This substance was prepared by the 
method described by us (this vol., p. 354). A very pure sample 
was obtained by the action of bromine on a solution of nitroform 

3A2 
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in nitric acid. The crude bromo-compound was washed with a 


dilute solution of sulphurous acid to remove the excess of bromine. aA 
It was then extracted with ether and the extract dried with sodium 4 
sulphate. On distilling over silver carbonate under reduced pressure, 36: 
the bromonitroform solidified in the condenser. An alcoholic Th 
solution containing 10°5321 grams per 100 c.c. was prepared for fj), 
use in the van Slyke nitrometer, and the estimation of the nitrogen Th 
liberated by hydrazine was carried out as described in the previous 
section. A series of observations gave 10°514, 10°460, and 10°532 ; 
grams of bromo-compound per 100 c.c. The errors are therefor 
respectively 0°172, 0-712, and 0-008 gram per litre of solution. J . : 
The results were calculated on the basis of the equation : oo 
2C(NO,),Br+N,H,+4KOH =2(NO,),CK + 2K Br+ N,+4H,0. a sa 
The salt precipitated in the reaction was treated as in the case of vo 
the chloro-compound, and the potassium salt of nitroform wa § };. 
isolated (Found: K=20°7. Cale., K=20°64 per cent.). The is pr 
reduction proceeds rapidly in this case also and the reaction shows Bi 
that the halogen atom is easily removable by hydrazine, but no sles 
reduction of nitro- to amino-groups takes place. This reaction ia 
provides a very good method for controlling the purity of bromo- of th 
nitroform. asin 
Dibromodinitromethane.—This was prepared from __ tribromo- this 
aniline and purified by shaking with aqueous potassium hydroxide its b 
solution to form the potassium salt of monobromodinitromethane. oub 
On dissolving this in water, acidifying with dilute sulphuric acid Schol 
and distilling in steam, fairly pure dibromodinitromethane i (Ber 
collected. A purer specimen is obtained by extracting the distillate ete he 
with ether, dehydrating the extract with sodium sulphate, ani oar. 
distilling under reduced pressure. The pure compound distils at sas 
76—77°/14 mm. It may be mentioned, however, that in many comp 
cases the vacuum distillation is unsuccessful, decomposition taking ms he 
place. Hydrazine liberates nitrogen quantitatively, one bromine dt 
atom being removed in the cold according to the equation : with ¢ 
2CBr,(NO,).+N,H,+4KOH=2(NO,),CKBr-+ N,+2KBr+4H,0. os S 
a 
No reduction of the nitro-groups takes place, and the bromine ond 
atom is removed with ease; the second bromine atom is removed Phen 
by the action of hydrazine at higher temperatures. Other reduc yi, 
agents have a similar effect, breaking down the compound t dinitro; 
dinitromethane (compare Duden, Ber., 1893, 26, 3004). convert 
Chloropicrin—This compound is only attacked very slowly ME ot alco} 
alkaline solutions of hydrazine, one of the chlorine atoms being alcohol 


removed. A sample of chloropicrin was distilled under reduce! 


vith a 
ymine. 
odium 
*SSUTe, 
oholic 
ed for 
trogen 
evious 
10°532 
refore 
lution. 


0. 


case of 
m was 
. The 
shows 
but no 
paction 
bromo- 


bromo- 
Jroxide 
ethane. 
‘ie acid 


THE HALOGEN ATOMS IN SUBSTITUTED NITROMETHANES. 1359 


pressure, and an alcoholic solution prepared containing 10°1474 
grams per 100 c.c. In different experiments, 5 c.c. of this solution 
liberated nitrogen as follows: 36°9 c.c. at 13°5° and 762 mm.; 
36°38 c.c. at 13°4° and 760 mm.; 36°8 c.c. at 13° and 760 mm. 
These results give an average value of 14°023 grams of nitrogen 
liberated from hydrazine by the gram-molecule of chloropicrin. 
The reaction therefore proceeds according to the equation : 


2CCl,-NO,-++-N,H, +4KOH=2CCl,K-NO,+2KCI+N,+4H,0. 


The reaction takes place slowly, the evolution of nitrogen extend- 
ing over two or three hours at the ordinary temperature. The 
quality of the chloropicrin has a great effect on the reaction, but 
a sample freshly distilled under reduced pressure gives quantitative 
results. It will be seen that in this case the halogen atoms are 
not nearly so labile as in the substances previously studied, and 
this may justly be attributed to the fact that only one nitro-group 
is present in the molecule. 

Bromonitromethane.—In the previous case, although only one 
nitro-group is present in the molecule, it is accompanied by the 
three strongly electronegative chlorine atoms, and the joint action 
of these may possibly be responsible for the labile nature of the 
removable halogen atom. In the case of monobromonitromethane, 
this possibility is excluded and it was thought of interest to examine 
its behaviour on treatment with hydrazine. As a result of our 
work we are of opinion that this substance is best prepared by 
Scholl’s method (Ber., 1896, 29, 1824), the method of Tscherniac 
(Ber., 1895, 30, 2588) giving very uncertain results. At the ordinary 
temperature, hydrazine is without action on monobromonitro- 
methane, but the halogen atom appears to be removed by this 
agent at higher temperatures. Thus, in one experiment the bromo- 
compound was refluxed with alkaline hydrazine solution for half 
an hour, and after cooling and acidifying with dilute sulphuric 
acid the mixture was steam-distilled. The distillate was extracted 
with ether and the extract dehydrated by standing for some time 
over sodium sulphate. On distillation, a little oil was collected 
at 100°, which had a refractive index 1°3935. This appears to be 
nitromethane (b. p. 100°; n—=1°39348). 

Phenylbromodinitromethane.—This was prepared from benzald- 
oxime. The action of nitrogen peroxide converts this into phenyl- 
dinitromethane (Ponzio, J. pr. Chem., 1906, [ii], 73, 494). This is 
converted into the sodium salt by dissolving 9°2 grams in 100 c.c. 
of aleohol and adding 1°5 grams of sodium dissolved in 50 c.c. of 


@cohol. During the addition the mixture is kept cool and stirred 


vigorously. The salt is filtered with the aid of the pump, washed 


1360 MACBETH AND PRATT: THE LABILE NATURE OF 


with ether, and dried in a vacuum desiccator. The dry salt is 
added slowly to a solution of 8 grams of bromine in carbon disulphide, 
the whole being cooled in ice. When all the salt has been added, 
the mixture is allowed to stand for half an hour, after which it is 
washed with a little water to remove sodium bromide, and then 
with a dilute solution of sulphurous acid to remove the excess of 


bromine. After drying, the carbon disulphide is distilled off and § since t 
phenylbromodinitromethane remains. It does not distil at 100°/15 the ec 
mm., but shows signs of decomposing. Accordingly the crude § nitron 
phenyl bromodinitromethane is subjected to steam distillation, § atoms 
when it comes over slowly. A white, crystalline substance remains §f picrin 
in the flask. This is soluble in hot water, melts at 113° and § peratu 
apparently contains no bromine. It has not been further §j is furt 
examined. and di 
Phenylbromodinitromethane is a pale yellow oil, which is insoluble J o its | 
in water and has a refractive index n=1-5650 (Found : Br=30-24, § of mc 
Cale., Br=30°6 per cent.). It is broken down by alcoholic potassium ff wheres 
hydroxide, the potassium salt of phenyldinitromethane being ff dinitro 
formed according to the equation : negati 
3C,H,-CBr(NO,),+6KOH= oh 
3C,H,-CK(NO,).+2KBr+KBrO,+3H,0. BF tance: 
On treatment with an alkaline solution of hydrazine, phenyl § "tto-g 
bromodinitromethane is rapidly reduced, nitrogen being liberated, %°UP 
An alcoholic solution containing 5°3472 grams of the bromo-con- ff Place. 
pound was prepared for use in the van Slyke nitrometer. Inag- The | 
series of estimations, 10 c.c. of this solution, on treatment with ™ the 
hydrazine, liberated an average volume of 24°8 c.c. of nitrogen at hydraz; 
12° and 752 mm. This corresponds with 14-04 grams of nitrogen "Sults 
for the gram-molecular quantity of phenylbromodinitromethane ff " libe 
The reaction is therefore expressed by the equation : when 
monoc 
2C,H,*CBr(NO,),+ N,.H,+4KOH= methyl 
2C,H,;*CK(NO,).+2K Br+-N,+4H,0.% acetic a 
The salt precipitated during the estimations was collected a% Cumn 
U 


examined. Part of it was dissolved in water, the solution acidifie 
with sulphuric acid, and extracted with ether. The potassiul 
salt of phenyldinitromethane was obtained from the ethereal extra‘ 
on the addition of potassium ethoxide (Found: K=17°9. (Cal, 
K=17°73 per cent.). Another part of the ethereal extract w# 
washed with a little dilute sodium hydroxide solution and the ethe 
removed by bubbling air through the solution for some time. 
acidifying the solution, phenyldinitromethane separated as a whit 
solid melting at 79°. It may therefore be assumed that in th 


THE HALOGEN ATOMS IN SUBSTITUTED NITROMETHANES. 1361 


case also the hydrazine readily removes the halogen atom without 
any reduction of the nitro-group. 

From the results recorded it is seen that the presence of nitro- 
groups in the halogen derivatives of methane renders the halogen 
atom more labile than it is in the case of the alkyl haloids. The 
effect is more pronounced when several nitro-groups are present, 
since the di- and tri-nitrobromomethanes part with their bromine in 
the cold, whereas bromonitromethane is only broken down to 
nitromethane on heating. The presence of other electronegative 
atoms or groups enhances the effect of the nitro-groups, as chloro- 
picrin parts with one of its chlorine atoms at the ordinary tem- 
perature, in contradistinction to bromonitromethane. This effect 
is further exemplified by the cases of phenylbromodinitromethane 
and dibromodinitromethane. The latter substance parts with one 
of its bromine atoms at the ordinary temperature, forming the salt 
of monobromodinitromethane, which is not further attacked; 
whereas the halogen atom is readily removed from phenylbromo- 
dnitromethane at the ordinary temperature in virtue of the electro- 
negative phenyl group reinforcing the action of the nitro-groups. 
A certain parallel may be drawn between the behaviour of the 
polynitro-aliphatic compounds and the polynitro-aromatic sub- 
stances, especially those in which the ortho-para-influence of the 
nitro-groups exists; in neither case does reduction of the nitro- 
group to an amino-group occur, but in both replacements take 
place. 

The effect of the nitro-group in increasing the lability of halogens 
in the aliphatic series becomes more marked when the action of 
hydrazine on such substances is contrasted with the negative 
results obtained in the case of other halogen derivatives. Thus, 
no liberation of nitrogen at the ordinary temperature is noted 
when hydrazine is added to solutions of chloroacetone, glycerol, 
monochlorohydrin, or dichlorohydrin, ethyl chloroformate, chloro- 
methyl acetate, chloromethyl ether, bromoacetic acid, trichloro- 
acetic acid and other substances of a like nature. 

CuEmicaL RESEARCH LABORATORIES, 
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CLV1I.—Colorations produced by Substituted Nitroforms, 


By Huen Granam and ALEXANDER KILLEN Macesern. 


In previous papers (T., 1915, 107, 87, 1824) the colorations produced 
by the interaction of tetranitromethane and other substances were 
discussed, and an explanation based on the spectrographic study 
of the different cases was advanced. From an examination of the 
different absorption curves it was found that the general effect 
obtained on mixing tetranitromethane and a substance containing 
either an ethylene linking or an atom capable of exercising a higher 
valency was the development of a strong selective absorption with 
a maximum in the region 1/A 2850. This absorption band bears a 
very strong resemblance to that noted in the case of some poly. 
nitro-aliphatic compounds, to which Hantzsch and Voight (Ber, 
1912, 45, 85) ascribed the conjugated aci-nitro-structure. As 
tetranitromethane does not contain the hydrogen atom necessary 
for the intramolecular change involved in the formation of such a 
grouping, the conjugated aci-structure was deemed inapplicable in 
this case; and since the organic nitrites were found to develop 
colours similar to those observed with tetranitromethane under 
the same conditions, a hypothesis, which postulated a change in 
structure from a nitro- to a nitrite group, was advanced to account 
for the behaviour of the latter substance. This view was supported 
by the similarity between the absorption band characteristic of 
the organic nitrites and that developed in the solutions of tetra- 
nitromethane. Later, Schmidt (Ber., 1919, 52, [B], 400), asa 
result of his study of the behaviour of tetranitromethane on treat- 
ment with alkali, concluded that the compound in some cases reacts 
as if it contained a nitrite group, but his reference to the fact that 
we had previously indicated this is conspicuous by its absence. 
Macbeth and Pratt (this vol., p. 354) prepared the chloro- and 
bromo-derivatives of nitroform and showed that these gave 4 
series of colours with substances which react with tetranitromethane. 
It seemed likely that a spectrographic examination of these cases 
might throw further light on the question of colour production, 
and the results are now recorded. As dibromodinitromethane 
gives faint colorations with some compounds, it was also examined. 
The method of study adopted was essentially the same as that 
described in a former paper (loc. cit.), and the results obtained are 
expressed in the accompanying figures. Alcoholic solutions cot 
taining the nitro-compounds and different influencing substances 
were examined and their absorptions recorded. Piperidine, methyl 
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mine, carvene, diethyl sulphide, ethyl mercaptan, and penta- 
nethylene sulphide were selected as representative influencing 
substances. The amounts of these added to the solutions of the 
titro-compounds were such as to be practically diactinic, and thus 


Fig. 1. 


Bromonitroform in alcohol. 
in chloroform. 
— seen == T etranitromethane +pentamethylene sulphide. 
—— +05. — +methylamine (after mixing). 
° Bromonitroform -+-piperidine (after mixing). 


Fig. 2. 


— seen — Chloronitroform in chloroform. 
——_—_—— in alcohol. 
. Dibromodinitromethane in alcohol. 
in piperidine. 
—_--—— — Potassium salt of monobromodinitromethane in water. 
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Fia. 1. Fig. 2. 


inno way interfere with the absorption of the latter unless chemical 
action had taken place. 

The absorption curves of bromotrinitromethane in chloroform 
and in aleohol are shown in Fig. 1. The graphs of the corresponding 
thloro-compound are given in Fig. 2. It will be noted that these 

3 a* 
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substances show general absorption only, the curves being char. & snd b 
acterised by a number of “kicks.” In the case of the bromo. 
compound in alcohol, it will be seen that there is a marked kick 
or shallow band in the region 1/A 2800—1/A 3200, and as this js 
the position in which the band characteristic of the conjugated 
aci-form of aliphatic compounds appears, it seems probable that 
in alcoholic solution bromonitroform exists to some extent in this 
form. It would therefore appear that the bromine atom in this 
compound is capable of wandering from the carbon atom to give 
the tautomeric conjugated aci-form. A similar effect, but of 
smaller degree, is seen in the case of the alcoholic solution of the 
chloro-compound. 

Piperidine, when added to solutions of any of the above nitro. 
compounds, immediately produces a pronounced yellow colour, 
and the absorption of the substances undergoes a radical change. 
The effect of the base is seen in the different figures. In the case 
of dibromodinitromethane the absorption curve now shows a deep 
band with a maximum in the region 1/A 2600. The bands in the 
case of the chloro- and bromo-nitroforms are in the region 1/A 2800— 
1/A 3000, and it will be seen that there is a marked similarity 
between these curves and that obtained when tetranitromethane 
is mixed with methylamine (Fig. 1). 

In seeking an interpretation of these curves it will be observed 
that they bear a great resemblance to that characteristic of the 
conjugated aci-form of trinitromethane (Hantzsch, loc. cit.). Refer- 
ence to the graphs of chloro- and bromo-nitroform shows that 
although there is an indication that these may exist to some extent 
in the conjugated aci-form in alcoholic solutions, yet the amount 
of such type present must be very small and can only be responsible 
for slight selective absorption of the conjugated aci-type. It seems 
unlikely that the presence of piperidine merely exerts an influence 
to induce a further intramolecular change into the conjugated 
aci-structure. Moreover, it has been shown that the halogen atoms 
in chloro- and bromo-nitroform are labile (Macbeth and Pratt, 
this vol., P. 1357), and that one of the nitro-groups of tetranitro- 
methane is readily split off by hydrazine (T., 1920, 117, 880). 
In these cases, aci-salts of nitroform were isolated, and it is probable 
that such an elimination occurs in the presence of organic bases, 
with the formation of the piperidine, or other, salt of nitroform. 
The salts of nitroform all absorb light strongly, and their absorption 
curves are characterised by a powerful selective effect in the region 
1/A 2800—1/A 3000. The curve of an aqueous solution of the 
potassium salt of nitroform is given in Fig. 4, and it will be seen 
that this is of the same type as the absorption curves of chloro 
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and bromo-nitroform in the presence of piperidine (dotted curves, 
Figs. 1, 3, 4). The absorption of tetranitromethane in the presence 


Fic. 3. 


Upper curves. 

—_—__———— Chloronitroform +-carvene (after 15 hours). 
+-mercaptan (after 1 hour). 
+ethyl sulphide (after 3 hours). 
+piperidine. 


Lower curves. 
Dibromodinitromethane + ethyl sulphide (after 24 hours). 
a +carvene (after 3 days). 
a -+mercaptan. 
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of methylamine closely resembles the above curves, and therefore it 
is probable that in all these cases the selective effect is due to the 


same cause. There seems to be, therefore, strong grounds for 
3 a*2 
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supposing that the colours produced when piperidine and other 
organic bases react with chloro- and bromo-nitroform and with 
tetranitromethane are due to the breakdown of these substances 
to the piperidine and other salts of nitroform which have the 
conjugated aci-structure. This view seems the more plausible 
since it has been shown that the halogen atoms and the fourth 
nitro-group are readily eliminated from nitroform derivatives. 
This may be regarded as the first step in the change which leads 
to the colorations due to the conjugated aci-salts. 


Fig. 4. 


Bromonitroform +ethyl sulphide (after 2 hours). 
* -+mercaptan (after mixing). 
o +carvene (after 15 hours). 
Potassium salt of nitroform in water. 
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If this view is correct, similar considerations should hold in the case 
of dibromodinitromethane. It has been shown (Macbeth and Pratt, 
this vol., p. 1358) that one of the bromine atoms in this substance 
is labile, and the action of pip@idine may consist in the removal of 
this atom with the formation of the coloured salt of monobromo 
dinitromethane. This is supported by an examination of the 
absorption of the potassium salt of the latter, which is found closely 
to resemble that of dibromodinitromethane in the presence of 
piperidine. Both curves show a deep absorption band with its 
maximum at about 1/\ 2600 (Fig. 2). 
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Other influencing substances, such as carvene, ethyl mercaptan, 
and the organic sulphides, produce effects similar to those of the 
aganic bases when they act on tetranitromethane and the halogen 
derivatives of nitroform. As a rule, however, the action is much 
dower in these cases. Thus, with the sulphides some three hours 
dapse before the selective absorption becomes very marked, and 
vith carvene and other unsaturated compounds considerably 
jnger intervals are necessary. It is probable that the breakdown 
to nitroform occurs in these cases also, and that the colorations 
observed are due to the absorbing variety of the derivative of 
this compound. All the compounds which give rise to colour are 
susceptible to oxidation and may therefore reduce the several 
iitro-compounds. The different times required in the various 
ases are doubtless connected with the readiness with which the 
influencing substances undergo oxidation, as the formation of the 
wrresponding nitroform derivatives is directly dependent on this 
ation. If the hypothesis is correct, one would expect to find a 
gadual decrease in the amounts of tetranitromethane and the 
tiroform halogen compounds present in solutions containing 
influencing substances. A ready method of estimating the amounts 
if these nitro-compounds is at hand in the hydrazine reaction, 
ind investigations are being undertaken with this in view. It 
way be mentioned that preliminary estimations show the expected 
fall off in the amounts of the different nitro-compounds, and the 
hypothesis put forward above to account for the colorations therefore 
gains considerable support. 

That there is a marked difference in the reactivity of the different 
litro-compounds is seen by a reference to the curves. Thus chloro- 
tinitromethane is not attacked by carvene to the same extent 
is the bromo-compound, since in the former case the band pene- 
tates only to about 10 mm. of an N/100-solution, whilst in the 
hitter it is found in the N/10,000-solution. 

The colours obtained with dibromodinitromethane and _ the 
liferent influencing substances—with the exception of piperidine— 
ae very faint. It may reasonably be concluded that, apart 
fom the cases of the organic bases, this nitro-compound is but 
‘owly reduced; and since only small amounts of the corre- 
sponding derivative of monobromodinitromethane are accordingly 
produced, there can be little formation of the conjugated aci-type 
vhich is responsible for the strong selective absorption. The 
‘lorations—apart from the bases—are therefore faint. Reference 
to Fig. 3 (lower curves) will show that with carvene a weak 
«lective absorption is developed only after three days; with 
ethyl sulphide, a kick (which may be regarded as a very shallow 
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band) is the only effect produced after twenty-four hour; 
interaction. 

It seems reasonable to suppose that the colorations observed 
when the polynitromethanes are acted on by organic bases or 
substances containing either ethylene linkings or atoms capable 
of exercising a higher valency are due to the reduction of the nitro. 
compound to nitroform derivatives which exist in the conjugated 
aci-form. On this hypothesis, it has not been necessary to inquire 
into the structure of conjugated aci-compounds. Hantzsch (lo. 
cit.) proposes formule in which a special type of six-membered 
ring is present. The structure comprises different classes of com. 
pounds, the criterion of the conjugated aci-structure being the 
development of a strong selective absorption in the derivatives of 
a substance which itself shows only general absorption, or at the 
most a very weak selective effect. The maxima of the bands vary 
in the different classes, but in the case of the trinitro-compounds 
of the type with which we are dealing the bands are all found in 
the same region, having a maximum at or about 1/A 2800—1/A 3200. 
Whether the structure Hantzsch proposes for the conjugated aci. 
compounds is correct or not is an open question, but it seems to 
us that the connexion between these substances and the organic 
nitrites cannot be overlooked. In both cases the maximum of 
the selective absorption is in the same region of frequency; and 
the nitrites, moreover, are capable of colour production on treat- 
ment with appropriate substances. The change in structure which 
gives rise to conjugated aci-trinitro-compounds probably results, in 
our opinion, in a linking of the nitro-groups akin to that occurring 
in the nitrites. 


We wish to express our thanks to Professor A. W. Stewart and 
the Queen’s University of Belfast for access to their spectroscope; 
to Mr. D. D. Pratt for assistance in the preparation of some of the 
materials used in this work, and to Mr. D. T. Gibson for help in 
the photographic work. 
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(LVII.—The Hydration of the Fibres of Soap Curd. 
Part I. The Degree of Hydration determined in 
Experiments on Sorption and Salting Out. 


By James Wiii1aM McBaIn and HERBERT ERNEST MARTIN. 


Ix recent communications from this laboratory it has been shown 
that soap curds consist of a felt of microscopic or ultramicroscopic 
fibres of hydrated neutral soap enmeshing sols or gels of soap or 
solutions of any electrolyte present. 

In a previous communication (T., 1919, 115, 1300) an attempt 
was made to determine the degree of hydration of the soap which 
forms the curd fibres. The method was based on the observation 
that when soap is salted out in the presence of free sodium hydroxide 
the concentration of the latter is thereby increased. This can be 
explained as being due to hydration of the curd fibres, which 
abstracts some of the solvent from solution, and on making the 
further assumption that no sodium hydroxide is sorbed by the fibres, 
a quantitative estimate of their hydration was afforded. The 
experimental difficulties involved in the use of sodium hydroxide 
for this purpose are, however, not inconsiderable, and it was desir- 
able to find some more suitable reference substance. 

Whereas previously the sodium hydroxide had served both as 
agent for salting out and as reference substance, the attempt was 
now made to use a small quantity of an easily analysed electrolyte 
as reference substance in the presence of a large amount of another 
electrolyte used to salt out the soap. Sodium sulphate was found 
to be fairly satisfactory, but only in the presence of a concentrated 
solution of another salt. 


EXPERIMENTAL. 


The soap systems, mixtures of curd with excess of mother- 
liquor, were all prepared in tubes of pure silver in the manner 
described by McBain and Taylor (Zeitsch. physikal. Chem., 1911, 
76, 199). They were shaken for many weeks at temperatures 
between 90° and 100° in the hope of ensuring complete reaction, 
and then placed in a thermostat at 30° for a few days in order that 
the hydration should adjust itself to this temperature. However, 
six years later, Miss Laing (T., 1920, 117, 1506) showed that the 
solubility of the curd fibres requires weeks or months to adjust 
itself completely to changed conditions, so that the results here 
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described probably refer in some cases to a temperature con. 
siderably above 30°. This, however, as we now know, cannot 
influence the degree of hydration by more than 10 per cent. as a 
maximum. 

In some cases the curd was made by adding together palmitic 
acid, sodium hydroxide solution, sodium chloride, and water in 
calculated amounts, but it was found that local incrustations with 
hard curd prevented interaction in the time allowed. This was 
finally avoided by first making up the solution of sodium palmitate 
and afterwards salting it out and leaving it during several weeks 
at 90°. In all cases, Kahlbaum’s purest materials and sodium 
hydroxide from sodium drippings, free from carbon dioxide, were 
employed. Upon opening the tube the contents were filtered 
through silver gauze at 30°, the filtrate being referred to throughout 
this paper as mother-liquor. Specimens of both mother-liquor 
and curd wet with mother-liquor were submitted to complete 
analysis, the chloride and sulphate being estimated gravimetrically 
as silver chloride and barium sulphate respectively. A number of 
different procedures were employed for this purpose, and in some 
cases separate samples were used for the different estimations; 
water was always estimated by difference. The method of cal- 
culation of the hydration has previously been described (loc. cit.). 

The data of the experiments in which 1‘0N-sodium palmitate 
was salted out by saturated or nearly saturated sodium chloride 
solution in the presence of a small amount of sodium sulphate are 
given in Table I. Two experiments in which 1-0N-sodium palmitate 
was salted out by 2°0N-sodium hydroxide in the presence of a small 
quantity of sodium chloride are recorded in Table II. Two exper- 
ments in which the sodium chloride was only one-third saturated 
- and sodium sulphate was used as reference substance are given il 
Table III; here the composition of the :other-liquor and the hydra- 
tion of the curd were deduced from the analysis and total weight 
of the curd. 


TABLE I, 
Original charge 
1-0N-NaP. Mother-liquor analysis. Hydration. 


Grams per 100 
grams of H,O Grams per 100 grams of H,O Mols. H,O to 1NaP. 


No. of ———~- — — ieee 
expt. NaCl. Na,SO, NaCl. Na,SO, NaOH. NaCl. Na,SO,. 
7 33°49 1-84 33°59 1-914 0°0104N 0°17 2°14 
8 32°73 1°82 33°06 1881 0:0033N 0°55 1°79 
ll 32°62 1:250 33°18 1309 0:0022N 0°96 2°49 
13 24°08 1°897 24°35 1-954 0°0135N 0°63 1-62 
15 24°08 1897 (23°27)? 1°962 0:0021N ? 1°83 
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TABLE II. 
Charge 1‘0N-NaP. 
Mother-liquor. Hydration. 
Grams per 100 Mols. H,O to 
grams of H,O Grams per 100 grams of H,O 1NaP. 
he -~ =< 
expt. NaCl. NaOH. NaCl. NaOH. NaCl. NaOH. 
4 2018 8058 2-089 8221 1-90 1°37 
18 4185 8°005 4-298 7818 1°47 _— 


Curd compositions. 
Grams per 100 grams of curd. 
NaP. H,0. 


18 4185 8005 2199 37°71 53°99 4105 0-9 1-7 
2-077 41°75 52°32 3°854 15 2°2 
TaBxeE III. 
Charge 1-0N- 
NaP. Curd composition. Hydration. 
Grams per 100 Mols. H,O to 
grams of H,O. Grams per 100 grams of curd. 1NaP. 


No. of miei: aan apeantaiaitns 
expt. NaCl. Na,SO, NaCl. Na,SO,. NaP. H,O. NaCl. NaOH. 


16 1168 2°245 4917 0°8702 46°45 47°76 2°54 3°94 
4-998 0°9074 45°37 48°72 2°71 3°80 
17 1168 2°245 5°248 1-060 42°48 51°21 3°27 2°09 
5°297 1:041 41°03 52°63 3°9 3°41 


Discussion of the Results. 
(a) Hydrolysis of Soap on Salting Out. 


It will be seen from Experiments 8, 11, 15, 16, and 17 that when 
anormal solution of neutral sodium palmitate is salted out with 
sodium chloride of concentrations ranging from one-third to com- 
plete saturation, the mother-liquor is alkaline to the extent of only 
0:002—0:004.N-sodium hydroxide. In other words, soap salted 
out with neutral sodium chloride contains an amount of sodium 
which is within 99°6—99°8 per cent. of that required exactly to 
neutralise the fatty acid present. Practical soap-boilers frequently 
assert that it is necessary to salt out soaps in the presence of an 
excess of alkali if appreciable hydrolysis is to be avoided. It now 
appears, however, most probable that acid soaps, which are un- 
doubtedly often observed in large-scale experiments, arise from 
incomplete saponification. It will be shown in another com- 
munication from this laboratory that the final stages of saponifica- 
tion with alkali are surprisingly slow, but that if sufficient time is 
allowed it is completed to within 99°8 per cent. even when no 
excess of alkali is present. 
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The measurements here given show that the hydrolysis of soap 
curd is slightly greater than that of the same soap in solution 
(McBain and Martin, T., 1914, 105, 957; McBain and Bolam, 
ibid., 1918, 113, 825). However, the soap fibres are, within a fey 
tenths of a per cent., neutral soap together with water of hydration, 
Even when salted out by 2°0N-sodium hydroxide, the curd fibres 
are neutral to within 0°5 per cent. 


(6) Hydration Values in Presence of Saturated Sodium Chloride. 


In Table I there are three final results with a mean value of §' 


2°1 mols. of H,O to 1 mol. of NaP. This is from its nature neces. 
sarily a minimum value for the hydration, since it is based on the 
assumption that no sodium sulphate is sorbed by the curd fibres 
in these circumstances. Occurrence of sorption would lessen the 
increase in the concentration of the sodium sulphate in the mother. 
liquor. The value 2°] mols. of H,O is probably not greatly in 
error, as will be seen in Part IT. 


(c) The Sorption of Sodiwm Chloride by Curd Fibres. 


In Table I there are three values for the hydration of curd fibres 
salted out by saturated solution of sodium chloride deduced from 
the sodium chloride itself, that is, if we ignore the sorption of 
sodium chloride. These are 0°2, 0°6, and 1:0 instead of 2°0 mols. 
of H,O to 1 mol. of NaP. From this deficiency we can deduce the 
amount of salt sorbed by the sodium palmitate. It is approxin- 
ately 8°9 grams of NaCl to 1 mol. (278 grams) of NaP; that is, 
3°2 per cent. of the weight of the anhydrous sodium palmitate or 
2°7 per cent. of the total weight of the curd fibres apart from 
enmeshed mother-liquor. 

In the presence of 2°0N-alkali, 2 per cent. sodium chloride indi- 
cated a hydration value of 1°5 and 1:9, whereas it was previously 
shown (loc. cit) that the hydration is about 4:0 and 4°6 mols. of 
H,O to 1 mol. of NaP. The deficiency here indicates that 1%§j 
and 0°10 grams of sodium chloride are sorbed by 1 mol. of Nab 
from 4 and 2 per cent. solutions of sodium chloride respectively 
in the presence of 2°0N-sodium hydroxide or 0°5 and 0°3 per cent: 
of the total weight of the curd fibres themselves. 

Commercial soap contains about 30 per cent. of water. 
wet curds of sodium palmitate were more than half water, but 4 
course it would have been easy so to press and drain out ju 
sufficient enmeshed brine to bring the total water contained in thet 
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down to 30 grams per 100 grams of curd. Had this been done 
yith the three curds mentioned in the foregoing paragraphs, their 
eupirical composition would have been represented by the for- 
mule NaP + 6°6H,O + 0°59NaCl; NaP + 6°6H,O + 0°063NaCl + 
(04NaOH; NaP + 6°6H,O + 0:029NaCl + 0°07NaOH. On the 
other hand, the curd fibres proper contained in these curds have the 
composition NaP + 2°1H,O + 0°15NaCl; NaP + 4H,O + 0°031NaCl, 
and NaP + 4°6H,O + 0°017NaCl. 

It will be seen that the proportion of sodium chloride which 
is free in solution in the enmeshed brine is approximately ?, 4, and 
‘respectively, the remainder being bound in the curd fibres them- 
elves which are in equilibrium with these brines, lyes, or mother- 
liquors, It is evident that, by washing, the greater part of the 
sdium chloride can be removed from the curd as well as from the 
curd fibres, although in accordance with the behaviour characteristic 
of sorption the last traces of salt in the curd fibres could never be 
extracted. Such washing would have to be done by “ pickling,” 
awholly different operation from the washing “‘ changes ”’ involved 
in the soap-boiling processes which will be discussed in another 
communication (compare 4th Report on Colloid Chemistry, 1921). 


(d) Unsaturated Brine and Adsorption of Sodium Sulphate. 


From a consideration of the results in Table III, and, to a minor 
atent, experiments 13 and 15, it appears probable that sodium 
sulphate, like sodium chloride, can be sorbed by curd fibres unless 
this is prevented by the presence of a great excess of some other 
dectrolyte. It is probable that in the experiments recorded in 
Table III, where the salting out is effected by much less concen- 
trated sodium chloride, the true hydration of the curd fibres is at 
kast 4°55 mols. of water to 1 mol. of sodium palmitate, whereas 
the results from the analysis of sodium sulphate give a value 3°3 


iG md those from sodium chloride indicate 3-1. It has already been 
Y§‘own that the sodium chloride is sorbed to a slight extent; here, 


widently, the sodium sulphate is sorbed nearly as much, thereby 
interfering with the full development of the sorption of the sodium 
tiloride, Even sodium hydroxide is affected by sorption, as will 


ig shown in Part III, although to a very minor extent; evidently 
‘ordinary salt is quite satisfactory as reference substance. 


The only available data for the various commercial fats and 


‘Bs are those of Merklen. Using his analytical data for sodium 
t OMfthloride and hydroxide, we deduce hydration values lying between 
‘B'4 and 5-0 mols. of water to 1 mol. of soap in the presence of 


Paining lye (Lessive de cuisson, Siedelauge). 
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Summary. 


1. When sodium palmitate is salted out with nearly saturate! 
solutions of sodium chloride containing a small amount of sodiuy 
sulphate the increase in concentration of the sodium sulphate 
corresponds with a hydration of the neutral curd fibres NaP,2°1H,0. 8 

2. Sodium chloride is appreciably sorbed by the curd fibres, 
although even in this case distinct negative sorption is observed, 

3. Sodium sulphate, sodium chloride, and, to a very slight 
extent, sodium hydroxide are each sorbed by the curd fibres except 
in the presence of a large excess of a second salt. Thus the en. 
pirical composition of curd fibres salted out by a saturated 
solution of sodium chloride corresponds with the proportions 
NaP : 2:1H,0:0°16NaCl; that is, the fibres themselves contain 
78°7 per cent. of anhydrous fatty acid and about 3 per cent. by 
weight of sodium chloride. From more dilute lyes more water 
and much less salt is sorbed. 


In conclusion, we have pleasure in thanking the Colston Research 
Society of the University of Bristol for the grants towards the 
purchase of materials and apparatus. 


THe CHEMICAL DEPARTMENT, 
Bristot UNIVERSITY. [Received, June 7th, 1921.] 


CLVIII.—The Hydration of the Fibres of Soap Curd. 
Part II. The Dew-point Method. 


By James Wiiu1amM McBaIN and Cyrit SEBASTIAN SALMON. 


In previous communications (T., 1919, 115, 1300; this vol., p. 1369) 
it has been shown that the fibres of soap curd are hydrated and 
that their hydration depends on the concentration of the solution 
from which they have been salted out. As it was thought desir 
able to establish the results by some independent procedure, the 
composition of soap curds was investigated by the dew-poitt 
method already described (McBain and Salmon, Proc. Roy. Sot. 
1920, 97, [A], 44; J. Amer. Chem. Soc., 1920, 42, 426). 

It is clear from the phase rule that in the system—soap curd and 
saturated brine—evaporation at constant temperature does not lead 
to any change in vapour pressure until the saturated solution di. 
appears. After this point, the vapour pressure diminishes rapidly 
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and in the curve obtained by plotting vapour pressure against the 

total water present a break will be found where the water present 

is that contained in the soap fibres themselves. The method 

based on this principle can be applied at various temperatures to 

ards prepared from different fatty acids and with saturated 
lutions of one or more salts. 


EXPERIMENTAL. 


The method used for the measurement of vapour pressure was a 
‘Brariation of the dew-point method used for the measurement of 
pure soap solutions. Dehydration was carried out by draining off 
water by means of a strong filter-pump through calcium chloride 
tubes, and the loss of water was estimated either by weighing 
these tubes, or by weighing the tube in which the vapour-pressure 
measurements were carried out, in the same manner as for the 
measurement of concentrated soap solutions (McBain and Salmon, 
loc, cit.). 

The curds were prepared in the following manner: a quantity 
of palmitic acid was weighed into a silver tube and the alkali and 
water required for a normal solution were added. Sufficient sodium 
chloride was then added to ensure that the solution should be fully 
siturated and the tube sealed with silver wire and plate and shaken 
for at least a week at 90°. At the end of this time the tube was 
opened and the contents filtered while still hot through silver 
gauze. The filtrate was tested for alkalinity to secure that the 
reaction had become complete. A weighed portion of the curd 
was then introduced into the tube used for the vapour-pressure 
measurements and the dehydration carried out as described above. 

As soon as the dehydration had proceeded far enough the curd 
was analysed. The sodium palmitate was estimated by decom- 
posing the soap with a known quantity of hydrochloric acid and 
titrating the excess with standard alkali and also by titrating in 
alcohol the palmitic acid liberated. Sodium chloride was estimated 
by weighing as silver chloride, allowance being made for the hydro- 


it-B chloric acid which had been added. 


Hydration Results. 
(2) Palmitate Salted out at 90° by Saturated Sodium Chloride. 


In Table I the first column for each experiment gives the com- 
position of the curd expressed as mols. of water to 1 mol. of NaP, 
the second the dew-point lowering as compared with water. 
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TABLE I, 
Expt. I. 


Expt. III. 


Expt. 1. 
Mols. H,O; Dew-point Mols. H,O; Dew-point Mols. H,O; Dew-point 


1NaP. 
16°9 
16°1 
10°6 
10°0 
5°11 
4°31 
2°56 
2°47 
2°13 
1-99 
1-92 


lowering. 
6°69° 


1NaP. 
18°4 
14-1 
13°2 
11°4 
10°2 
9-08 
8°81 
3°18 
2°21 
2°14 
1°25 


lowering. 


1NaP. 


lowering, 


649° 
6°49 
6°50 
6°49 
6°49 
6°53 
7°02 


The dew-point lowering obtained before dehydration is 6:70’ 
(that of a saturated solution of sodium chloride, measured by the 
dew-point method, was 6°47). This value remains constant until 
the curd has the composition 1NaP:2°13H,O and then increases 
rapidly. 

On comparing the results for different specimens of curds, it 
will be seen that the horizontal portion of the graph is nearly the 
same in each case. The slight difference is probably due to the 
capillary attraction of the solid soap for the mother-liquor. The 
break in each case occurs at a composition between 1 NaP : 2:09H,0 
and 1NaP: 2°21H,0. 

Table IL gives the complete details of the composition of the 
curd at the break. 


TABLE II, 


Composition of the Curd at the Break in the Vapour Pressure 
Curve. 

Total weight 
of curd. 
Grams. 

3°571 
4°880 
5°441 


Grams of H,O 
(by differ- Mol. H,0 to 
ence). 1NaP. 
0°292 2°13 
0°254 2°21 
0°356 2°09 


Grams of 
NaCl. 
1-167 
2°853 
2°453 


Grams of 
NaP. 
2-112 
1-773 
2°632 


From these results the composition of the sorption compound 
or hydrated fibres is 1NaP:2°14H,0, giving the total amount of 
sorbed water. 

The question might be raised as to whether the values obtained 
for curds prepared in this manner would be the same for curds 
salted out from true neutral solutions, since it is evident thal 


these solutions can never actually become neutral. In short, what 
is the effect of the method of preparation on the composition af 
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the curd? ‘To decide this point an experiment was carried out in 
the following manner. A weighed quantity of a 1-0N-solution of 
sodium palmitate was introduced into the vapour-pressure tube 
and then slightly more salt added than was necessary for saturation. 
The mixture was then well shaken and after it had remained at 
90° for some hours dehydration was carried out as before. This 
method of preparation gave us the composition of the sorption 
compound 1NaP:2:24H,0. This is the same, within the experi- 
mental error, as that given by the previous method. 


Fie. 1. 


Relation between hydration and vapour pressure of soap fibres studied by 
different methods. 


NalH 


S 
= 
3 

$8 

Ls} 
oy 
~S 

ic) 

& 
_ 

$ 
ns ~ 

338 
33 

AS 
oR 
8 

8° 
§ 

2 
‘° 
¢ 
Ss 

_ 

8 
3 
= 


] i = | 7s i L 
1° yw 3° 4° 5° 6° vi 
Dew-point lowering of mother-liquor. 


The composition of the solid portion of the curd, then, is inde- 
pendent of the way in which it is prepared. 

Since in the latter case the curd is salted out from a solution 
of varying composition (although the total amount of water present 
is the same), the solid constituent of the curd must be in true 
equilibrium with the water present. This equilibrium was appar- 
ently reached in about one hour. 


(6) Palmitate Salted out at Lower Temperatures. 


The composition of these curd fibres was investigated at 50° 
ind at 16°. The curds were all prepared at 90°, but were kept at 
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the lower temperature for some time before examination. Thefl jini 
compositions of the curds are given in Table III, including tho am le 
obtained for 90° in Tables V and VII. 


Tasxe III. 
Composition of the Curd Fibres at Various Temperatures. 


Grams of Grams of Grams of Mols. H,0 

Temperature. NaP. NaCl. H,0. to 1NaP, 
90° — _- 2°16 
80 1-802 2°734 0°2714 2°32 
1-288 1-800 0°200 2°40 
16 1-505 2-186 0°254 2°60 


At lower temperatures more water is sorbed and this change in 
composition of the sorption compound with decreasing temperature, 
although small, appears to be fairly regular. 


(c) Palmitate Salted out with Sulphate or Iodate at 90°. 


Unfortunately, in the experiments with sodium iodate in Table IV 
the amount of water was estimated by difference and it is therefor 
open to some uncertainty, since the iodate may have been partly 
decomposed before analysis. 


TABLE IV. 


Hydration of Palmitate Fibres Salted out by Saturated Sodium 
Sulphate or by Saturated Sodium Iodate. 


By Na,SO,. By NalO,. 
II. I. Il. 
Weight of NaP 6 1824 2-041 1-248 
o” » Na,SO, or NalO, ... . 2°516 1°864 1187 
0°923 0-523 0316 
3°58 3°96 3°89 


(d) Laurate Salted out at 90° with Saturated Sodium Chloride. 


A normal solution of sodium laurate was prepared by the firs 
method and gave the following composition for the curd at the 
break in the vapour-pressure curve. 

Weight of NaL = 1:268 grams 
» NaCl = 1°453 __s—e,, 
, water = 0°185 __,, 


9? 


9 


Composition of sorption compound, 1NaL: 1°80H,0. ; 
There is less sorption with sodium laurate than with soditl!@hlori¢ 
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palmitate. This was to be expected, for it would seem probable 
hat less water would be taken up as the fatty acid series is descended. 


Sorption of Sodium Chloride by Palmitate Fibres at 90°. 


In Part I it was found that during salting out the increase in 
wncentration of sodium chloride is distinctly less than that of the 
ydium sulphate also present. This was explained as being due 
» sorption of sodium chloride by the curd fibres, the sorption being 
geatest in the presence of a solution of sodium chloride and there 
mounting to 3 per cent. by weight of the anhydrous sodium 
palmitate. 

This conclusion has been checked by a modification of the dew- 
pint method in which solutions were used which were not quite 
saturated with sodium chloride and the dehydration was carried out 
as before. The results obtained for two specimens of curd are 
shown in Table V. 

TABLE V. 


Dehydration at 90° of Wet Curds from nearly Saturated Brine. 


I. II. 
Dew-point Dew-point 

Mols. HO; 1NaP. lowering. Mols. H,O; 1NaP lowering. 

27°4 6°42° 26°0 
22-9 6-46 23-3 
21°5 6°48 22°6 
19-0 6-49 17-0 
2°28 6°49 7°57 
2°21 6°49 211 
2-09 6°53 2-08 
1:86 6°66 2-04 
1-76 9°99 

At first the dew-point lowering is 6°42° (that is, less than that 
of a saturated solution of sodium chloride), it then increases to 
649° (the figure for a fully saturated solution) and remains constant 
for some time, but finally commences to rise rapidly. The point 
at which this rise occurs corresponds with the break observed 
previously and occurs at a composition 1NaP:2°08H,0O, the same 
«8 for curds salted out by fully saturated sodium chloride. 

The horizontal portion of the curve corresponds with the amount 
of water just necessary to dissolve the sodium chloride present 
inthe mother-liquor. The total amount of sodium chloride present 
in the wet curd is estimated directly by analysis. The difference 
between these two values gives the amount of sodium chloride 
‘orbed. This can also be calculated in the way indicated in Part I. 

he mother-liquor separated by filtration was analysed for sodium 
sodiuhloride and a value obtained for the water sorbed calculated 
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from the increase in concentration. From the difference betwee 
the value obtained in this way and that given by the vapow. 
pressure method, the amount of salt absorbed can be calculated, 

Table VI contains the results of these analyses. 

The first column gives the weight of sodium palmitate in th 
curd, the second the composition given by the vapour-pressuy 
curve, the third the composition calculated from the increag 
in concentration of the mother-liquor, the fourth the weight o 
sodium chloride calculated from the horizontal portion of th 
curve, and the last the weight of sodium chloride directly estimated 
by analysis. 

TaBLE VI. 


Mols. H,O: 1NaP. 
From increase NaCl (grams). 
From vapour- in conc. of From 
NaP (grams). pressure curve. mother-liquor. graph. analysis, 
2°568 2-08 : 1°4 1°39 1:47 
1-02 2-11 1°4 0°49 0°50 


The amounts of sodium chloride sorbed are : 


Expt. I. Calculated from columns 2 and 3=1 per cent. of the weight of NaP. 
” ” ” 4 and 5=3 99 
Expt. II. am - m 4 and 5=1 am 


The agreement between these results is not very good, but each 
method shows that curd fibres sorb sodium chloride to the extent 
of between 1 and 3 per cent. by weight of the sodium palmitate 
contained in them, that is, in the presence of saturated sodium 
chloride. This may be compared with the 0°5 and 0°3 per cent. 
by weight observed in Part I for the sorption in the presence of 
2-0N-sodium hydroxide containing only 4 per cent. and 2 per cent. 
respectively of sodium chloride. 


Discussion. 


The whole of this work affords strong evidence for the conceptia 
of the nature of soap curds advanced in previous communicatiols 
from this laboratory (for reference, see Part I). In the instances 
here discussed, where concentrated solutions of electrolytes at 
concerned, the solubility of the curd fibres is excessively smal. 
On the other hand, in pure water at higher temperatures they a 
extremely soluble and the so-called melting point of aqueous s0) 
curds is the temperature at which the whole of the fibres hart 
just passed into solution * and the hard, opaque curd has finall 
turned to transparent liquid or gel. 


* This interpretation is borne out by the following determinations of 
lowering of dew-point of soap solutions in the neighbourhood of their melt 
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The agreement between the hydration values obtained by 


.Mmeasurements of dew-point and those by the methods of sorption 


sence of 
er cent. 


and indirect analysis (T., 1919, 115, 1300; this vol., p. 1369) is 
quite satisfactory. For curds of sodium palmitate salted out by 
saturated or nearly saturated solutions of sodium chloride at 90°, 
we here obtain as the mean of six closely agreeing experiments 
216 mols. of H,O to 1 mol. of NaP, whereas in Part I the result 
was 2°] mols. of H,O to 1 mol. of NaP. 

The dew-point method gives maximum values, whereas the 
methods of sorption and indirect analysis give minimum values, 
« that it is evident that the degree of hydration has been deter- 
nined for this case within very narrow limits even when it is recalled 
that the results in Part I are to some extent affected by the influence 
of a lower temperature. 

A comparison of the degrees of hydration obtained for sodium 
palmitate at 90° in the presence of various concentrations of the 
different salting-out media indicates that the chief factor concerned 
is the concentration and that possibly the hydration of the fibres 
may depend solely upon the vapour pressures of their mother- 
liquors. This result would be in accordance with the studies of 
conductivity recorded by Laing and McBain (loc. cit.), and is borne 
out by the results of previous measurements (loc. cit.) collected in 
Table VII. 


TABLE VII. 


Hydration of NaP at 90° compared with the Vapour Pressure of the 
various Mother-liquors. 


Dew-point 
Salt. Concentration. lowering. Hydration. 

NaCl 6°1N * 
Na,SO, 2°6N * 
NaOH 3°0N 
NaCl+ NaOH 2:0 + O'5N 

1:75N 

1-9N 

1-5N 


* Saturated solution. t+ Analysis open to some uncertainty. 


and solidification temperatures. It is seen that there is no sudden disappear- 


J “2ce of such lowering when solidification sets in, thus showing that the greater 


portion of the soap is still in solution. 
Dew-point 
Soap. Temperature. State. lowering. 

10N-NaP glassy viscous liquid 0°26° 

ss opaque solid 0°26 
1‘5N-NaL liquid 0°30 
liquid (supercooled) 0°30 

solid 0°28 

05N-KP, : turbid liquid 0°17 
solid 0°16 
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If this hypothesis is confirmed, it introduces an importanj 
simplification into the consideration of these systems, and in any 
case it is shown to be true as a close approximation. It is quite 
reasonable that the hydration of soap fibres should be a functic, 
of the aqueous vapour pressure if they are not much contaminated 
with salt. From this it should be possible to calculate the hydration 
of fibres crystallising out from pure aqueous solution where 1 
salts are present. An attempt is now being made to test this by 
experiment. 

It should ultimately be possible to determine the real hydration 
of a commercial soap simply from a knowledge of its vapour pressur 
at room temperature or from an analysis of any drops of “ sweat" 
exuding from it. 

It is interesting to note that the relationship between vapour 
pressure and degree of hydration is the exact opposite of that s 
characteristic of adsorption. Adsorption is most prominent a 
low pressures, and is but little affected by subsequent great 
increase of pressure, whereas here small increase in the already 
high vapour pressure increases the amount of hydrate water 
several-fold. 

The form of the curve resembles that which would be obtained 
for one of three possibilities; the progressive filling of pores, or the 
gradual dilution of a solution, or the formation of a chemical 
compound in solid solution in which the dissolved molecule woul 
contain 5 or 10 molecules of water. Investigation should yield 
most interesting resuits, for there are special difficulties in the way 
of each of these interpretations. The phenomenon is certainly 
not merely one of the filling of pores, for this would not lead to the 
apparent negative sorption, and would not account for the agree: 
ment between the results of Parts I and II of this series and, more 
over, the points in Fig. 1 refer to quite different specimens of curd. 
The second suggestion would require the curd fibres to behave a 
aqueous solutions of soap. According to the third suggestion, 
anhydrous NaP would have to be the solvent with either at leas 
pentamolecular water in a pentahydrate of a polymerised NaP « 
dissolved substance; but the curvature varies between that required 
for 5 and for 10 molecules of water. It is evident that the facts 
do not agree with any of our ordinary conceptions and perhaps 
more purely chemical explanation is required. For instante, 
colloidal particles may be postulated which possess a large numbet 
of free secondary valencies of graduated strength, of which the 
weakest are the most numerous. 

The dehydration curve for curd fibres which we are here discus 
ing corresponds with the portion 0,0, of von Bemmelen’s classical 
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dehydration curves for such gels as those for silica after they have 
completed the intermediate opaque stage and have become clear 
again. Von Bemmelen found in some cases the same form of curve, 
although the curvature is not nearly so pronounced, and he showed 
that the hydration and dehydration curves coincided, so that the 
process was reversible. 


Summary. 


(1) A device for the study of the hydration of colloids and for 
the measurement of the amounts of salt sorbed by them is the 
study of their vapour pressures during gradual dehydration in the 
presence of saturated or nearly saturated solutions of one or more 
salts. 

(2) In the case of soap curds the results of the dew-point method 
ae in close agreement with those obtained by the methods of 
negative sorption and indirect analysis. 

(3) The degree of hydration of the fibres of soap curd depends 
almost entirely on the vapour pressure of the solution with which 
it has been in contact, being least for the most concentrated 
brines. 

(4) There is a small but real increase in hydration with lowering 
of temperature. 

(5) The hydration of sodium palmitate is distinctly greater than 
that of either the laurate or stearate. 

(6) The slight sorption of sodium chloride by curd fibres is con- 
firmed, thus affording an instance of real positive sorption in a 
case of apparent negative sorption. 


In conclusion, we desire to express our thanks to the Colston 
‘Bkesearch Society of the University of Bristol and to the 
‘BXesearch Fund Committee of the Chemical Society for generous 
grants. 


Tat CuEmMiIcaAL DEPARTMENT, 
Bristot UNIVERSITY. [Received, June 8th, 1921.] 
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CLIX.—Ethyl Hydrogen Sulphate. 


By Horace Barratt DunNicLirr and GERALD SNowpEy 
BUTLER. 


HENNEL (Trans. Roy. Soc., 1826, 240; 1828, ii, 365), using equa 
parts of alcohol of specific gravity 0-82 and oil of vitriol, obtaine 
56 per cent. conversion of the sulphuric acid present into ethy 
hydrogen sulphate. Berthelot (Bull. Soc. chim., 1873, [ii], 19; 
227) showed that the reaction takes some time to complete. He 
worked at the temperature of the water-bath and, with molecular 
quantities of alcohol (94 per cent.) and sulphuric acid, obtained a 
maximum esterification of 59 per cent. of the sulphuric acid after 
twenty days. He also showed that, with 79 per cent. alcohol and 
oil of vitriol, the maximum esterification was 54-8 per cent. afte 
one hundred and forty-seven days. Claesson (J. pr. Chem., 1879, 
[ii], 19, 246) found that, when absolute alcohol is used, a maximum 
esterification of 77-4 per cent. of the sulphuric acid is obtained. 
‘ actual esterification obtained . 
He showed that the relation ; —— a il 
maximum esterification possible 
a minimum (0-571) when the two reacting substances are present 
in molecular proportions. In the present paper, these points andj 
also the statics and dynamics of the esterification are investigated. 


Preparation and Estimation of Alcoholic Sulphuric Acids. 


Alcoholic sulphuric acids were made by adding 100 per cent 
ethyl alcohol in small quantities at a time to cooled 100 per cent 
sulphuric acid (T., 1920, 117, 651). It was not found possible t 
make an alcoholic sulphuric acid of an exact strength by mixing} 
weighed quantities of the two constituents, but the concentrating 
always approximates to the desired proportions. For example: | 
a particular case, the approximate strengths of a series of alcoholiqj} 


sulphuric acids estimated by weighing were 20, 25, 30, 35, and 4jgtabli 


per cent. of sulphuric acid. The actual strengths, as determine 
by titration, were 20-41, 25-04, 30-13, 35-59, and 40-42 per cent 
respectively. Many unsuccessful attempts were made to obtaill 
a mixture in exact molecular proportions (68-06 per cent. of H,S0)g 

The following methods for the estimation of ethyl hydrog? 
sulphate in alcoholic sulphuric acids were examined. 

(1) A weighed quantity of the ester was diluted with water 
The acidity due to free sulphuric acid and the ester was neutrals 
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by the addition of pure barium carbonate. Insoluble barium 
sulphate and soluble barium ethyl sulphate were formed. The 
barium sulphate and carbonate were filtered off and washed. The 
filtrate and washings were acidified with dilute nitric acid, barium 
nitrate was added, and the whole evaporated to pastiness. The 
rsidue was taken up with dilute nitric acid and the precipitate of 
barium sulphate filtered off, washed, dried, and weighed. From 
the weight of barium sulphate obtained, the amount of ethyl 
edgiydrogen sulphate (BaSO, x0-5403) was found and its percentage 
calculated. ‘This method was shown to be tedious and inaccurate, 
mainly on account of the difficulties of filtration and washing, and 
the resultant bulk of filtrate to be handled. 

(2) A weighed quantity of alcoholic sulphuric acid was diluted 
with water and an excess of barium hydroxide solution added. 
The barium sulphate was filtered off and the filtrate and washings 
were evaporated with dilute nitric acid to pastiness. The residue 
was extracted with dilute nitric acid and the procedure completed 
as described above (1). This method is less troublesome than the 
former, but it is slow, and consistent results were not easily obtained. 

(3) («) A weighed quantity of alcoholic sulphuric acid was 
.Mtitrated against standard sodium or potassium hydroxide. The 
percentage of free acid, b, was calculated as sulphuric acid. 

(3) A further volume of standard alkali, equal to that used in 
the previous titration, was then run into the basin. The solution 
was evaporated as nearly to dryness as possible on a water bath and 
then heated in an air-oven for half an hour at 120°. This ensures 
complete decomposition of the ethyl hydrogen sulphate. The solid 
rsidue was taken up with distilled water and the excess of 
akali estimated by standard acid. From the total quantity of 
alkali neutralised by the alcoholic sulphuric acid in both stages « 
and 8, the percentage of sulphuric acid, a, in the mixture before any 
in@gSterification took place was calculated. Hence, the percentage of 

byl hydrogen sulphate in the alcoholic sulphuric acid is 2(a—b) x 
. inf'°6/98 and the percentage esterification of the sulphuric acid 

igbtesent is 2(a—b)x100/a. The accuracy of this method has been 
stablished by a number of analyses. 
og (4) A weighed quantity of alcoholic sulphuric acid was titrated 

igainst standard alkali and the percentage acidity, x, calculated 
im Sulphuric acid. The sulphuric acid which had not been acted 
m by alcohol was estimated directly, in a fresh portion, by precipi- 
lation with barium chloride or nitrate. 

If in W grams of alcoholic sulphuric acid taken, the free sulphuric 

found is W, grams (wt. of BaSO, x 0-42023), then the percentage 
{free sulphuric acid present is 100W,/W. Therefore the percent- 
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age of ethyl hydrogen sulphate in the alcoholic sulphuric acid js 
2(x—100W,/W) x 126/98. A comparison between results obtained 
by methods 3 and 4 showed close agreement. 

(5) The estimation of mixtures of alcohol, sulphuric acid, anj 
water is dealt with by the authors in J. Soc. Chem. Ind., 1920, 39, 146, 
The method described is applicable to the analysis of the alcoholic 
sulphuric acids dealt with in this paper. In practice, however, the 
approximate strength was obtained by weighing and the actual 
strength determined by titration (method 3 above). 

An attempt was made to prepare pure ethyl hydrogen sulphate 
from alcoholic sulphuric acids by (1) extraction of alcohol from 
the mixture by light petroleum and (2) the subsequent extraction 
of sulphuric acid and water from the residue of ester, sulphur 
acid, and water by means of dry ether. An apparatus of the Soxhlet 
type was specially designed for the extraction of a liquid bya 
liquid. In both cases the mixture increased in bulk when acted 
on by the solvent and the method was unsuccessful. From the 
work done so far, it appears that ethyl hydrogen sulphate is slightly 
soluble in ether. This observation is contrary to statements in 
most works of reference, and requires further investigation. 


Application of the Law of Mass Action. 


In order to determine whether this esterification follows the lav 
of mass action, thirty mixtures were made up and allowed to come 
to equilibrium at the temperature of the laboratory (about 18—19’). 
The equilibrium point is not sensitive to small changes 0 
temperature. 

Let a reaction mixture be made of m gram-molecules of ethy! 
alcohol, n gram-molecules of sulphuric acid, and y gram-molecules 
of ethyl hydrogen sulphate (or water). Then, in the condition 0 
equilibrium, if x denotes the number of gram-molecules of ethy 
hydrogen sulphate (or water) formed as a result of the interaction 
of the above quantities of alcohol and sulphuric acid, there exists 
the relation : 


(m — x)(n — 2) 
u(x + y) 
(The volume of the reaction mixture is unchanged.) 
But all the mixtures were made up with 100 per cent. sulphuri 
acid and 100 per cent. alcohol. Hence y=0. ‘Therefore, by alway: 
making n=1, the relation becomes 


=aconstant quantitly=K ... . (I) 


| eee 


DOI SP SM Keon — 
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The results of a typical series of experiments are given in 
Table I. 
TaBLeE I. 


nor gr Gram-mols. of ethyl hydrogen sulphate. 


Is. of 
—. Calculated, 


Icohol per 
eamadal. using K = 0°620 in Constant obs. 


of sulphuric (m — x1 — x) _ (m — x)(1 — x) _ 

one Observed. — ee K. ile lie K. 
m x (obs.). x (calc.). K 

8353 * 08650 0°9301 13510 
6°306 0°8461 0°9040 1-1730 
4:930 0°8555 0°8800 0°8042 
3°950 0°8480 0°8520 0°6557 
3°089 0°8101 0°8197 0°6594 | 
2°0965 0°7330 0°7448 0°6776 | 
13846 0°6441 0°6467 0°6349 |, 
10000 — 0°5595 0°6200 | 
09128  0°5450 (0°5970) 0°5380 (0°5894) 0°5635 
05730 0°4100 (0°7155) 04026 (0°7025) 0°5722 
0°5320 0°3888 (0°7308) 0°3851 (0°7240) 0°5789/ 
02210 0°2051 (0-9283) 0°1927 (0°8720) 0°3004 


COIS MN K eon 


* The value for K is the mean of Nos. 4—11. There appears 
to be considerable disparity between the values for K, of which 
an average is taken, but the value found for K is very sensitive to 
small differences in the observed values in column 3. ‘The variation, 
iK, in K for a small change in x, such as might be caused by ex- 
primental error, is found as follows : 


dK dad (= _ aM) Se 2m 4 m +1 


dx dx x ws gy 
_ ((m +1) =r) a 
axa(SPI_ Mae... ww. 


By substitution in this expression, it is found that, for the various 
values of m investigated, the variation in the value of XK is not less 
than five times the variation in the value of x (Table I, Nos. 4—11). 
ist The law is thus shown to hold when the molecular proportions of 
alcohol to sulphuric acid vary between 4: 1 (80 per cent. sulphuric 
aid) and 0-5: 1 (35 per cent. sulphuric acid). Below 20 per cent. 
wlphuric acid, the values for K rapidly increase, the constant for 
‘5 per cent. sulphuric acid being 11-0. 

The values shown in brackets in columns 3 and 4 give the fraction 
: fa molecule of ester found and calculated (assuming K = 0-62) 

tspectively from one molecule of alcohol in alcoholic sulphuric 
acids of the concentrations shown in column 2. Thus, the numbers 
brackets in columns 3 and 4, together with those in the same 
tlumns above them, give respectively, for the concentrations 
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shown in column 2, the observed and calculated values for th 
relationship, 
actual esterification obtained 
maximum possible esterification’ 


the denominator of the fraction being unity in each case. The 
value 0-5595, calculated for molecular quantities of the reacting 
substances on the basis of the constant experimentally obtained, js 
comparable with that (0-571) obtained by Claesson (loc. cit.). His 
observation that the above ratio is a minimum when molecular 
quantities of the reacting substances are employed is also confirmed. 
He obtained a maximum esterification of 77-4 per cent. of the sulph- 
uric acid. From Table I it will be seen that esterifications of 
sulphuric acid up to 86-5 per cent. (No. 1) and of alcohol up to 92 
per cent. (No. 12) have been obtained. A large excess of sulphuric 
acid does not cause quantitative esterification of the alcohol, 
When a large excess of alcohol (more than 80 per cent.) is present, 
the value of the above relationship gradually diminishes. This 
result can be seen from the figure in T., 1920, 117, 656. 

The law of mass action fails at high concentrations of either 
component of the reaction mixture. 


The Velocity of the Reaction. 


Previous observations (loc. cit.) that, at the ordinary temperature, 
the mixtures take a considerable time to attain equilibrium have 
been confirmed. The reaction is never complete at once, evel 
when the two substances are mixed rapidly, and the rise in temper- 
ture amounts to 20°. When carefully mixed, a decrease in acidity 
is observed for fourteen to twenty days, depending on the strength 
of the alcoholic sulphuric acid under examination. Attempts were 
made to determine the order and velocity of the reaction in mixtures 
of low sulphuric acid concentration. Alcohol was added to sulphur 
acid with stirring and external cooling, but considerable local heating 
occurred and the initial stages of the reaction proceeded irregularly, 
but with very considerable velocity. The strengths of the several 
mixtures investigated lay between 13-18 and 4-50 per cent. of 
sulphuric acid, and thus never contained less than 14 molecules of 
alcohol to one of sulphuric acid. 

Considerable difficulty was experienced in maintaining the 


intervals of from several days to a fortnight. 

ester was estimated daily until it was constant. 

given in Table II, this took sixteen days. In the condition of 
equilibrium, 12-6 is the maximum possible percentage of ester ™ 


. The 
acting 
ned, is 
. Hs 
lecular 
irmed. 
sulph- 
ons of 
to 928 
phurie 
Ieohol. 
resent, 

This 


either 
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an alcoholic sulphuric acid of this concentration (11-12 per cent. of 
H,SO,). ‘The first estimation of ethyl hydrogen sulphate after 
mixing the constituents, showed the presence of 8-38 per cent. of 
ester. In this case, therefore, the reaction was about two-thirds 
completed immediately after mixing. Let a=the molecular con- 
centration of sulphuric acid, 6 = the molecular concentration of 
alcohol at the time of mixing, and « = the molecular concentration 
of the ester on the mixture after time¢. Then, if the reaction is of 
the first order, 


. log. = os = a constant (K) 


and if it is of the second order, 


1 a(b — x) 
t loge b(a — x) 


=aconstant(K,) . . . . (5) 


Using the successive values for x shown in Table 2, K and K, 
become : 


K = 0-4389, 0-2399, 0-1931, 0-1543, 0-1280, 0-1134, and 
K, = 0-4225, 0-2312, 0-1867, 0-1493, 0-1239, 0-1099. 


Examination of these results shows that allowance must be made 
for the ester initially present. It further invites attention to the 
relatively small value of the factor (6 — x)/b and suggests that, at 
small concentrations of sulphuric acid at any rate, the reaction is 
of the first order. 

If, in order to eliminate the disturbed period, the velocity of the 
reaction is determined from the time at which the first estimation 
is made, the ester initially present must be allowed for by deducting, 
both from the molecular concentration of the sulphuric acid and 
from the molecular concentration of the ester present at each 
successive determination (Table II, col. 1), an amount equal to the 
initial concentration of the ester (0-0665). Thus, from Table II, 
the corrected concentration of the sulphuric acid will be (0-1135 — 
00665) or 0-0470 gram-molecule and the corrected amount of ester 
produced after the first interval of time will be (0-0722 — 0-0665) 
or 00057 gram-molecule—and so on. 

In this case, the values for K are 


0°0561, 0°0485, 0°0655, 0°0586, 0°0514, 0°0496 


and those obtained for K, are no more consistent. 

An attempt was therefore made to determine how many days’ 
reaction at normal velocity is represented by the initial concentration 
of 00665 gram-molecule of ester. 

3B2 
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This was calculated from the equation 


3)" 547 Oe (, =a) - «+ « (§ 


in which z is the number of days which must be added to the observed 
time ¢, a is the molecular concentration of sulphuric acid, 2 is the 
molecular concentration of the ester after the observed time {, 
and 2, is the initial molecular concentration of the ester. 

Since a = 0°1135 and 2, = 0°0665, equation (6) becomes 


1 ™ 0°1135 \ 4 , lo ( O1135_——*" 
‘ ((o: 1135 — 0-0665)) = Be | (01135 — 2)) 
O'38298 
0°6721 — log, (11°35—100z) ° 
Substituting in (7) for x and ¢ (‘Table LI, cols. 1 and 2) 


z= 


z = 6°8 days (average). 


When 6°8 days are added to the observed times of the reaction, 
the values for K calculated for a unimolecular reaction become 
constant within the experimental error (Table il, col. 4). The 
values for K,, the constant as calculated by equation (5) fora 
bimolecular reaction, are successively : 


0:0541, 0°0517, 0°0526, 0°0572, 0°0553, 0°0525, 00515. 


The reaction is, therefore, of the first order. 


TABLE II. 


Sulphuric acid = 11°12 per cent. = 0°1135 gram-molecule. 
Alcohol = 88°88 per cent. = 1°932 gram-molecules. 
‘Temperature of reaction, 18—19°. 


Ethyl hydrogen sulphate ; 
as gram-mols. per 100 Actualtime Actual time +- 1 

parts by weight of mixture. in days. i 8. a = 0°1135. 
K 
0°0563 
0°0563 
0°0545 
0°0591 
0°0572 
0°0543 
0°0532 
0°0558 


x 
0°0665 
0°0722 
0°0759 
0°0836 
0-0861 
0°0875 
0-0898 


oor WD eK OO a 


These results indicate that, owing to irregularities at the com- 
mencement of the reaction, esterification equivalent to 6'8 days 
action at 18—19° is accomplished in a few minutes. As soon 48 


parts | 


vction, 
ecome 
The 
for a 
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the mixing is complete and the system has cooled to 18—19°, the 
formation of ethyl hydrogen sulphate proceeds normally as a 
unimolecular reaction. Similar results were obtained with other 
mixtures, the maximum strength of which corresponded with 
1318 per cent. of sulphuric acid. The order of the reaction at 
higher concentrations is being investigated. The authors found 
that ethyl hydrogen sulphate is formed when pure dry alcohol acts 
upon pure dry sodium hydrogen sulphate (T., 1920, 117, 652). A 
rise of temperature of 20° may be observed when the two substances 
are mixed, but the temperature of this reaction is more easily 
controlled than that of the action of alcohol upon sulphuric acid. 
Without the assistance of a cooling agent, a 10 per cent. solution 
of sulphuric acid in aleohol may be made by the cautious addition 
of sodium hydrogen sulphate to alcohol—the rise of temperature 
being 2—3°. When this method of preparation is used, the abnor- 
mally high formation of ethyl hydrogen sulphate in the opening 
stages of the reaction is much smaller than when alcohol and 
sulphuric acid are mixed directly. The average value found for 
2, using the expression (8) deduced from equation (6) after sub- 
stituting 0°01 for a and 0-0084 for 2,, is 0°59 day. 


a 0-0381 ¢ 
~ 09619 — log, (10—100 =) ° 


(8) 


In Table ILI are given the values for the constant calculated for 
a unimolecular reaction, both for the actual times observed and 
for the actual times plus 0°6 of a day. 


Zz 


Tasie IIT. 


Sulphuric acid = 9°80 per cent. = 0°10 gram-molecule. 
Alcohol == 90°20 per cent. = 1961 gram-molecules. 
Temperature of reaction, 18—19°. 


Ethyl hydrogen sulphate Actual 1 log, ._?_ 
as gram-mols. per 100 time t “a-—@ 
parts by weight of mixture. in days. a = 0°10. 
x ani 
0:0084 —- 
0°0214 0°1046 
0°0325 ‘ 0°0853 
0°0410 : 0:0764 
0:0498 0-0748 
0°0565 f 0°0723 
0°0634 ) 0°0727 
0°0657 0-0664 
Mean 0:0644 


Further experiments were carried out in which special precautions 
vere taken to maintain a low temperature while the sodium hydrogen 
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sulphate was being mixed with the alcohol. The bisulphate was 
added to the alcohol in small quantities at a time with stirring and 
the reaction vessel was cooled in a freezing mixture. The mixture 
was then allowed to come to the reaction temperature. In this 
way a constant for a unimolecular reaction was obtained and no 
allowance had to be made for a disturbed initial period. The 
results are given in Table IV. 


TABLE IV. 


Sulphuric acid = 9°90 per cent. = 0°101 gram-molecule. 
Alcohol = 90°10 per cent. = 1°959 gram-molecules. 
Temperature of reaction, 15°. 


Ethyl hydrogen sulphate Actual , 1 a 

as gram-mols. per 100 time i a—2x 

parts by weight of mixture. in days. a — 0101, 
x l K 


0:00265 0 — 
0°00592 0:0262 
0°0102 : 0°0231 
0°0163 < 0°0255 
0°0218 0°0264 
0°0257 0°0255 
0:0286 j 0°0241 
Mean 0-0251 


This work was done at the Cordite Factory, Aruvankadu, and is 
published with the permission of The Indian Munitions Board. 


[Received, May 8th, 1920.] 


CLX.—Studies on the Configuration of aa’-Dibromo- 
dibasic Acids. Part I. The Dibromoadipic 
Acids. Synthesis and Resolution of trans-cyclo- 
Pentane-1 : 2: 3-tricarboxylic Acid. 


By Writwu1am Henry PERKIN, jun., and Eric Rosrnson. 


Tue bromination of the normal dibasic aliphatic acids leads to the 
formation of «a«’-dibromo-acids, CO,H-CHBr-[CH,],-CHBr-CO,H, 
which exist in the meso- and racemic modifications indicated by 
theory. 

Thus succinic acid yields two dibromosuccinic acids, one o! 
which (A) sublimes between 250 and 280° and dissolves in 50 parts 
of water, whereas the other (B) melts at 167° and is readily soluble 
in water. These acids are decomposed by boiling with water or 
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dilute alkalis with the formation of both mesotartaric and racemic 
acids, the former predominating in the case of (A) and the latter 
in the case of (B), but the relative amounts of these acids pro- 
duced in the two cases seem to depend on the concentration of the 
alkali and the time of boiling. 

Clearly this decomposition does not afford sufficient evidence 
om which to base a decision as to the configurations of the two 
dibromo-acids (A) and (B). 

A dibromoglutaric acid, CO,H*CHBr-CH,°-CHBr-CO,H, melting 
at 169—170° was first obtained by Auwers and Bernhardi (Ber., 
1891, 24, 2229) from glutaric acid by bromination in the presence 
of phosphorus. Thiele (Annalen, 1900, 314, 303) subsequently 
obtained the same acid—which he terms inact.-«y-dibromoglutaric 
aid—by the oxidation of cis-1 : 4-dibromo-2 : 3-dihydroxycyclo- 
pentane, 


BrCH-CH(OH)-CH(OH)-CHBr, 


with permanganate. The isomeric acid—called by Thiele (loc. cit., 
p. 306) rac.-«y-dibromoglutaric acid, resulted in a similar manner 
from the oxidation of trans-1 : 4-dibromo-2 : 3-dihydroxycyclo- 
pentane and melted at 142—143°. No evidence is brought in proof 
of the configurations which Thiele assigns to the dibromodihydroxy- 
cylopentanes and to the dibromoglutaric acids which they yield 
on oxidation. | 

The action of bromine on adipic acid has been investigated by 
Auwers and Bernhardi (Ber., 1891,24, 2231), by Rosenlew (Ber.,1901, 
37, 2091), and by Le Sueur (T., 1908, 93, 718). When two molecular 
proportions of bromine react with the acid chloride of adipic acid, 
the two dibromoadipic acids, CO,H-CHBr-CH,-CH,-CHBr-CO,H, 
required by theory are produced and differ greatly in melting point 
aid particularly in solubility in water. The less fusible acid (C), 
n. p. 193°, is almost insoluble in cold water, whereas the isomeride 
(D), m. p. 139°, dissolves very readily. 

Rosenlew (loc. cit., p. 2092) converted the two isomerides 
() and (D) into the corresponding dihydroxyadipic acids, 
(0,H-CH(OH)-CH,*CH,°CH(OH)-CO,H, by boiling with water 
and barium hydroxide and states that the acid from (C) melts at 
173° and that from (D) at 134°, the latter being the more readily 
‘luble in water.* He concluded from their melting points and 
lative solubilities that the isomeride of m. p. 173° is the racemic 
and that of m. p. 134° is the meso-acid, but brought no evidence 
support of this view. Le Sueur (Joc. cit.) subsequently prepared 
the dihydroxyadipic acids from the nearly pure dibromo-acid 


* Rosenlew calls these the dioxyadipic acids A- and B-, 
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(C) * by boiling with water and sodium hydroxide and show 
that two acids (E) and (F) melting at 174° and 146° are producsj 
together and these obviously correspond with the acids meltin 
at 173° and 134° obtained by Rosenlew from the isomeric dibromp. 
acids in the manner mentioned above. 

It appears therefore that the less fusible dibromoadipic acij 
(C) behaves in a similar manner to the dibromosuccinic acid (4) 
of high m. p., and yields, on decomposition with water and dilute 
alkali, a mixture of the meso- and racemic acids. In order to decid: 
which of the two acids (E) and (F) is the racemic and which the mew. 
acid, Le Sueur treated the acid (F) (m. p. 146°) with cinchonidine 
and obtained a crystalline salt which, on decomposition with 
ammonia, yielded a d-dihydroxyadipic acid of [a], + 3°8°, and he 
concludes that the acid (F), contrary to the view of Rosenley, is 
the racemic acid, and that the acid (E) (m. p. 174°) must therefore 
be the meso-acid. 

Although there can be little doubt that this view is the correct 
one, it is clear that the determination of the nature of the dihydr- 
oxyadipic acids does not afford valid evidence of the configuration 
of the dibromo-acids from which they are derived. It seems, 
indeed, unlikely that decomposition by alkali will lead to a decision 
in cases of this kind owing to change of configuration which s 
readily takes place during the replacement of Br by OH. In 
considering this matter, it occurred to one of us that the problem 
might be solved, indirectly, by making use of a device which, 
taking the dibromoadipic acids as the example, may be briefly 
outlined in the following way. 

If the ester of either of the dibromoadipic acids (C) and (D) is 
treated with the sodium derivative of malonic ester, cyclopentane- 
1: 2:2: 3-tetracarboxylic ester should be produced and this, a 
hydrolysis and elimination of carbon dioxide, will yield a cyclo- 
pentane-1 : 2 : 3-tricarboxylic acid : 


CO,Et-CHBr CO,Et-CH 
_ % 


CH Gn 
dx, + Na,C(CO,Et), = On, Se(C0,Ft), +4 2NaBr 


CO,Et-CHBr CO,Rt-CH” 
CO,H-CH, 


CH, \, 
CH-CO,H. 
i cai 


CO,H-OH 


* The substance used melted at 180—182° and consisted essentially of the 
dibromo-acid (0). 
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The possible configurations of the acid thus produced are set 
out in the following table, the >CH-+CO,H derived from the malonic 
ester synthesis being indicated in each case by * 


CO,H 


7; iE “a 
“a 


e 


beads 
(II.) 


H0,H 
C 


C 
H oH \ 60H 
C* 
CO,H 
2 H 
C 
H 
(iV.) 


Of these configurations, I and II represent the racemic mixture, 
whereas it is clear that since formule III and IV each possess a plane 
of symmetry they must each represent a non-resolvable meso-form. 

An examination of the models shows that the racemic form of 
dibromoadipic acid should ultimately give rise to the resolvable 
racemic mixture, indicated by the spatial formule I and II, whilst 
the meso-form should correspondingly lead to one or both of the 
non-resolvable substances represented by the formule III and IV. 
It will therefore be clear that the nature of a dibromo-acid may 
often be conveniently elucidated by studying the products of its 
interaction with malonic ester, always supposing that no change 
of configuration accompanies the ring formation. 

Such a change is unlikely, because the two carboxyl groups of 
the dibromoadipic acid, which no doubt take part in the change 
of configuration which occurs when the dibromo-acid is boiled 
with alkalis, are protected by conversion into the ethyl ester, and 
also because the condensation with the sodium derivative of 
malonic ester takes place rapidly at moderate temperatures and 
in absolute alcoholic solution. 

It thus appears that the process outlined above may be found 
weful in determining the configuration of other dibromo-acids, 
wich as, for example, the dibromoglutaric acids, and experiments 
we in progress to determine whether this is the case. 

3 B* 


1396 PERKIN AND ROBINSON: STUDIES ON THE CONFIGURATION 


The actual course of the experiments on the condensation of one 
of the dibromoadipic esters with the sodium derivative of malonic 
ester may be briefly summarised as follows: The ethyl esters of 
the two dibromoadipic esters (C, m. p. 193°) and (D, m. p. 139°, 
have already been prepared and the ester of (C) crystallises well 
and melts at 66—67°, whereas that of (D) is a syrup. 

As the former is so readily obtained pure, it was selected for 
use and caused to react with the sodium derivative of malonic 
ester under the conditions detailed on p. 1397. The resulting ethyl 
cyclopentane-1 : 2 : 2 : 3-tetracarboxylate distils at 214—216°/23 mm, 
and, on hydrolysis with alcoholic potassium hydroxide, does not 
yield, as was to be expected, the corresponding tetracarboxylic 
acid, but is converted at once, with loss of carbon dioxide, into 
trans-cyclopentane-1 : 2 : 3-tricarboxylic acid (G) of melting point 
184—185°. Resolution experiments were now instituted, and it 
was found that this acid is readily resolved by means of brucine 
into optically active modifications, of which d-trans-cyclopentane- 
1 : 2: 3-tricarboxylic acid melts at 126° and has [«], + 72-4°. 

It is therefore clear that the acid (G) is the racemic modification 
corresponding with the configurations I and II in the table on p. 139. 

These facts seem to prove that the dibromoadipic acid (C) of 
m. p. 193° must be the racemic modification and this acid must 
correspond with the dihydroxyadipic acid of m. p. 146°, since it 
is this acid which is resolvable. The mesodihydroxyadipic acid o 
m. p. 174° corresponds therefore with the mesodibromoadipic acid 
of m. p. 139°. 

One of the characteristics of the racemic dihydroxy-acid (m. p. 
146°) is the readiness with which it yields a dilactone, 

| O | 
sale waa dude te 
fay 


(Le Sueur, Joc. cit., p. 721), and this is in accordance with what would 
be expected from an examination of the model of its configuration. 

On the other hand, the meso-dihydroxy-acid (m. p. 174°) should 
exhibit no such tendency, and this is in accordance with experiment. 

It is interesting to note that, on heating trans-cyclopentane- 
1 : 2: 3-tricarboxylic acid (G) with acetic anhydride at 150°, it 
converted into a much more soluble cis-isomeride (H) of m. p. 170° 
(p. 1399). 

Reference to models shows that there are two possible change 
of configuration of the acid (G), namely, those which lead to for- 
mule III and IV respectively (p. 1395). The acid (H) should 
accordingly be directly derivable from the meso-form of dibromo- 
adipic ester by interaction with the sodium derivative of malomt 
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ester, and experiments are in progress with the view of testing 
this assumption. 

Nore.—Since this paper was written, Dr. C. K. Ingold has been 
good enough to send me a proof of his paper “ The Conditions 
underlying the formation of Unsaturated and Cyclic Compounds 
from Halogenated Open-chain Derivatives. Part II,’ * in which 
he discusses the configuration of the dibromoadipic acids. As the 
result of the examination of an interesting series of changes, which 
the acid of m. p. 193° undergoes, he draws a conclusion contrary 
to that arrived at in the present communication and considers 
that this acid is the meso-variety. After consulting with Dr. 
Ingold, it appeared wisest to submit the two papers for publication, 
so that the facts may be available for discussion. An attempt, 
which has been made by me, to resolve the dibromoadipic acid of 
m. p. 193° by means of morphine (compare McKenzie, T., 1912, 
101, 1196) has not been successful because of the ease with which 
the acid loses hydrogen bromide on treatment with morphine even 
in the cold.—W. H. P. 


EXPERIMENTAL. 
Ethyl cyclopentane-1 : 2 : 2 : 3-tetracarboxylate. 


In the preparation of this ester, sodium (2-3 grams), dissolved in 
alcohol (50 c.c.), which had been distilled over calcium, was cooled, 
mixed with ethyl malonate (16 grams) and then ethyl dibromo- 
adipate (17 grams) dissolved in alcohol (50 c.c.) introduced. Sodium 
bromide separated immediately and heat enough was developed 
to raise the alcohol to the boiling point. After being heated under 
reflux for twenty minutes, the product, which was quite neutral, 
was diluted with water, extracted with ether, the ether evaporated, 
and the residue distilled in steam, when a little unchanged ethyl 
malonate passed over. After again extracting with ether and 
drying over calcium chloride, the oil was distilled under reduced 
pressure, when most of it boiled at 214—216°/23 mm. 

Owing to the fact that the oil contained traces of bromine, the 
analytical results were unsatisfactory (Found : C = 54:8; H =7°0. 
(,;H,,0, requires C = 56-9; H = 7-2 per cent.). 


dl-trans-cycloPentane-1 : 2 : 3-tricarboxylic Acid. 


etracarboxylate is digested for four hours with one and a half 
times the calculated quantity of methyl-alcoholic potassium 


* This paper has since appeared (this vol., p. 951). 
3 B* 2 
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hydroxide (25 per cent.). The product is mixed with water, 
evaporated until quite free from methyl alcohol, acidified with 
excess of hydrochloric acid, evaporated to dryness, and the mass 
extracted with ether in a Soxhlet apparatus. On distilling off the 
ether, a gum was left which soon crystallised and, after contact with 
porous porcelain, the nearly colourless residue was crystallised 
from dilute hydrochloric acid (Found: C= 47:3; H= 5, 
C,H, 90, requires C = 47-5; H = 4-9 per cent.). 

On titration with NV /10-NaOH, 0-1159 neutralised 17-2 c.c., whereas 
this amount of a tribasic acid, C,H,,)0,, should neutralise 17:3 c.. 
This titration and the results of analysis show that the acid is the 
tribasic acid and not the tetrabasic acid, which might have been 
expected to result from the hydrolysis of the tetrabasic ester with 
methyl-alcoholic potassium hydroxide.  dl-trans-cycloPentane- 
1: 2: 3-tricarboxylic acid melts at 184—185° and is readily soluble 
in water, but much less soluble in hydrochloric acid. When it is 
heated with concentrated hydrochloric acid at 180—200° for two 
hours, there is very little charring and, on allowing the liquid to 
concentrate over solid potassium hydroxide in a vacuum, the 
unchanged /rans-acid separates and melts at 184—185°. 


Resolution of dl-trans-cycloPentane-1 : 2 : 3-tricarboxylic Acid. 


This resolution was accomplished in the following manner: The 
tricarboxylic acid (50 grams) was dissolved in hot water, mixed 
with precipitated brucine (370 grams), and, after heating on the 
water-bath, the excess of brucine filtered off with the aid of the 
pump and well washed. The filtrate and washings were con- 
centrated by distillation from the water-bath under reduced pres- 
sure, when, at a certain point, the crystallisation commenced and 
the distillation was stopped. In a short time, a voluminous 
separation occurred and the brucine salt was collected while the 
mass was still warm and several times recrystallised from hot 
water. After each crystallisation, the rotation was observed, the 
amount taken being dissolved in 20 c.c. of water and the length 
of the tube being 2 dem. 

Number of Weight of Observed 
crystallisation. substance. rotation. [a]p- 

0°5306 — 157° — 29°58° 
0°5355 — 1°36 — 25°39 
0°3648 — 0°80 — 21°92 
0°3097 — 0°66 — 21°31 
0°3732 — 0°78 — 20°90 
0°4071 — 0°85 — 20°87 

It therefore appears that the pure brucine salt of the dextro-acid 

has [«], = 20-87°. An analysis showed that this salt is formed by 
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the combination of the tribasic acid with three molecules of brucine 
(Found: N=6'1. 3C,3H,,0,N,,CgH,,0, requires N=6'1 per cent.). 

The pure salt was decomposed by adding ammonia to the warm 
aqueous solution, the filtrate from the brucine was mixed with 
excess of hydrochloric acid, and, after evaporating to dryness, 
the mass was extracted with ether in a Soxhlet apparatus. The 
gum obtained on distilling off the ether soon solidified, and the 
d-acid was purified by dissolving in dilute hydrochloric acid and 
leaving over solid potassium hydroxide in a vacuum desiccator, 
when crystals gradually separated which exhibited the following 
optical behaviour: 0-2014, dissolved in 20 c.c. of water, gave 
a) + 1-46° in a 2-dem. tube at 15°, whence [«], + 72-4°. 

d-trans-cycloPentane-1 : 2 : 3-tricarboxylic acid melts at 125— 
126° (the di-acid melts at 185°) and is readily soluble in water, 
but much less soluble in concentrated hydrochloric acid. 

Attempts were made to obtain the pure /-acid from the mother- 
liquors of the sparingly soluble brucine salt of the d-acid, but after. 
several erystallisations from dilute hydrochloric acid the acid 
melted at 120—125° and had [«], — 65-4°; it therefore still con- 
tained traces of the d-modification. 


cis-cycloPentane-1 : 2 : 3-tricarboxylic Acid. 


As stated in the introduction, this acid is formed when the 
trans-acid (G) is heated with acetic anhydride. The pure trans-acid 
(28 grams) was heated in a sealed tube with acetic anhydride 
(23 c.c.) for three hours at 150° and the acetic acid and anhydride 
were distilled off under reduced pressure. The addition of water 
to the residue caused the anhydro-acid to separate as a heavy 
layer, but on heating on the water-bath a clear solution was soon 
formed and this was allowed to concentrate over potassium hydroxide 
in a vacuum desiccator. Gradually thick, sugar-like crystals 
separated, and these were recrystallised from dilute hydrochloric 
acid (Found: C = 47:3; H = 5-2. C,H 90, requires C = 47-5; 
H = 4-9 per cent.). 

cis-eycloPentane-1 : 2 : 3-tricarboxylic acid melts at 169—170° and 
is more readily soluble in water or hydrochloric acid than the 
corresponding trans-acid. A mixture of about equal amounts of 
the cis- and trans-acids melts at 145—-150° approximately. 


The authors wish to thank Mr. T. V. Barker for valuable sug- 
gestions made during the course of this investigation. 


Taz Dyson PERRINS LABORATORY, 
OXFORD. [Received, July 21st, 1921. 
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CLXI.—Resolution of dl-trans-cycloPentane-1 : 3- 
dicarboxylic Acid. 


By Wit1t1AmM Henry PERKIN, jun., and HaroLp ARCHIBALD 
ScARBOROUGH. 


Tue structural formula of camphoric acid (I) represents this acid 
2 : 2-trimethyl derivative of cyclopentane-1 : 3-dicarboxylic 
acid (II) : 


CH,—CMe-CO,H CH,—CH-CO,H 

| (Me, OH, 

CH,—CH-CO,H CH,—CH-CO,H 
(1.) (II.) 


The latter acid may therefore be considered as the parent acid or 
norcamphoric acid, from which camphoric acid is derived by the 
introduction of three methyl groups. Owing to the importance 
which attaches to the chemistry of camphoric acid and to the 
great variety of changes which it undergoes on treatment with 
reagents, it occurred to one of us (P.) in 1898 that it was 
a matter of interest to attempt to synthesise the parent acid 
and to carry out a comparison of its properties with those 
of camphoric acid. Some years previously (Perkin, T., 1894, 
65, 578) it had been shown that ethyl butanetetracarboxylate, 
(CO,Et),CH-CH,°CH,°CH(CO,Et),, is produced together with ethyl 
cyclopropanedicarboxylate when ethylene chloride reacts with the 
sodium derivative of ethyl malonate, but the yield was small, 
and it was not until Bone and Perkin (T., 1895, 67, 112) had made 
the curious observation that ethyl cyclopropanedicarboxylate 
readily reacts with the sodium derivative of ethyl malonate with 
the formation of ethyl butanetetracarboxylate, 


H, CH,°CH(CO,Et), 
2 >C(CO,Bt), + CH,(CO,Et), = CH,-CH(CO,Et),’ 


that the latter ester became available in sufficient quantity for 
synthetical work. As the result of the experience of other syntheses 
for which ethyl butanetetracarboxylate had been employed with 
success, the investigation of the action of methylene iodide on the 
disodium derivative was taken in hand, since it seemed likely that, 
owing to the well-known ease of formation of the cyclopentane 
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ring, the reaction would proceed normally with the formation of 
ethyl cyclopentane-1 : 1 : 3 : 3-tetracarboxylate, 


CH,-CNa(CO,Et), CH,—C(CO,Et), 
+CH,I,= | CH, 4 2Nal, 
CH,-CNa(CO,Et), CH,—C(CO, Et), 


which, on hydrolysis and elimination of carbon dioxide, would 
yield cyclopentane-1 : 3-dicarboxylic acid (II), the parent of cam- 
phoric acid. 

While this investigation was in progress, a paper appeared 
(Ber., 1898, 31, 1950) by K. T. Pospischill describing the synthesis 
of the stereoisomeric 1 : 3-pentamethendicarboxylic acids (cyclo- 
pentane-1 : 3-dicarboxylic acids) by the method outlined above. 
A comparison of the results described by Pospischill with those 
obtained by the one of us showed such close agreement that there 
was no object in publishing the work, and the investigation which 
had been planned was accordingly given up for the time. 

As Pospischill had observed, the interaction of methylene iodide 
with the sodium derivative of ethyl butanetetracarboxylate affords 
a good yield of ethyl cyclopentane-1 : 1 : 3 : 3-tetracarboxylate, 
a viscid oil which decomposes on distillation under reduced 
pressure. 

On hydrolysis, this yields the tetracarboxylic acid which melts 
at 188°, at which temperature it is decomposed with elimination 
of carbon dioxide and formation of a mixture of the cis- and trans- 
modifications of cyclopentane-1 : 3-dicarboxylic acid which melt at 
121:5° and 88-5° respectively and are almost impossible to separate 
by recrystallisation from any solvent. 

Pospischill converted the mixed stereoisomeric acids into the 
anhydride of the cis-acid (m. p. 161°) by heating with acetic 
anhydride and subsequent distillation and from this the cis-acid 
(m. p. 121-5°) was readily obtained by boiling with water. The 
'rans-acid (m. p. 88-5°) was prepared from the cis-isomeride by heat- 
ing with hydrochloric acid in a sealed tube at 180°. Pospischill 
makes no mention of the relationship of these acids to camphoric 
acid, but describes a number of derivatives and gives conductivity 
measurements. 

It is interesting to note that in 1908 (Ber., 41, 386) Semmler 
obtained trans-cyclopentane-1 : 3-dicarboxylic acid, unmixed with 
the cis-acid, by oxidising santene, C,H,, (from sandalwood oil), 
with ozone or permanganate to the diketone, C,H,,0,, and then 
acting on this with hypobromite, a series of changes which he 
represents as follows : 
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CH,—CH—C-CH, CH,-CH—COCH,  CH,—CH-C0,H 
2 | aap OH, > | éH, ‘ 

| } 
CH,CH—C-CH,  CH,CH—CO-CH,  CH,—CH-00,H 


The principal object of the present investigation was the resolution 
of dl-trans-cyclopentane-1 : 3-dicarboxylic acid in order that it 
might be possible to compare the rotation of the active acid with 
that of camphoric acid, and as we were unable to obtain santene— 
which is possibly the most convenient source of this acid—we were 
obliged to synthesise the acid from ethyl butanetetracarboxylate 
in the way outlined above. As, however, the preparation of any 
quantity of the trans-acid from the cis-acid by heating with hydro. 
chloric acid in sealed tubes is a very laborious process, we endeavoured 
to modify the method of Pospischill so as to obtain the trans-acid 
direct from the product of the action of heat on the tetracarboxylic 
acid, and ultimately with success. The mixture of cis- and 
trans-acids remaining was first esterified and the mixed esters 
were purified by fractional distillation (b. p. 150°/22 mm.) and 
hydrolysed. The colourless mass of the mixed acids was left 
in contact with acetyl chloride in the cold (p. 1405), when the 
cis-acid was readily converted into the anhydride, whereas the 
trans-acid remained unchanged, and, in this simple manner, 
considerable quantities of the trans-acid were prepared in a pure 
state. 

The resolution of dl-trans-cyclopentane-1 : 3-dicarboxylic acid is 
very readily accomplished with the aid of brucine, and the salt 
which first separates is the brucine salt of the d-acid and has 
[a], — 29-4°. 

From this salt, d-trans-cyclopentane-1 : 3-dicarboxylic acid is 
obtained by decomposition with ammonia and was found to melt 
at 93°5° and have [«],, + 5-86°. The mother-liquors of the brucine 
salt of the d-acid yielded /-irans-cyclopentanedicarboxylic acid in 
an almost pure condition (p. 1406); it melted at 93° and exhibited 
the rotation [«],, — 5-29°. 

The value [«],, + 5-86° is much smaller than that exhibited by 
d-camphoric acid, which has [«],, + 49-7°, so that the introduction 
of three methyl groups into the molecule of d-trans-cyclopentane- 
1 : 3-dicarboxylic acid has the effect of raising the rotation 44°. 
Experiments are in progress on the resolution of apocamphoric 
acid (gem-dimethylcyclopentane-1 : 3-dicarboxylic acid), and it will 
be interesting to ascertain what influence the introduction of the 
gem-dimethyl group into the parent acid has on the rotation. It 
is also interesting to observe that the rotation of d-trans-cyclo- 
pentane-1 : 3-dicarboxylic acid is much smaller than that of any 
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other of the fully saturated cyclic dibasic acids which have so far 
been examined, as the following table shows : 
: : M. p. 
Rotation of anita anata, 
Dicarboxyliec acid. d-acid. Active. Inactive. 

cycloPropane-1 : 2- : 175° 175° 
cycloPentane-1 : 2- . 181 160 
cycloHexane-1 : 4- + 18° 180 215 
(Camphorie acid . 187 204 


cycloPentane- 1 : 3- “¢ 93 88 


The table also shows the melting points of the active and inactive 
acids. 

Another point of interest arises from the comparison of the 
nelting points of the cis- and trans-modifications of cyclopentane- 
1:3-dicarboxylic acid with those of similar (glutaric) type as well 
as with those of the 1 : 2-(succinic) and 1 : 4-(adipic) types. 

1 : 3-Dicarboxylic acids. 
cis-. trans-. 


cycloPentane- 121° 87° 
cycloHexane- 162 119 
Apocamphoric acid 204 188 
Camphoric acid 208 191 


1: 2- and 1 : 4-Dicarboxylic acids. 

h trans-. 
cycloPropane-1 : 2- 175° 
cycloButane-1 : 2- é 170 
cycloPentane-1 : 2- 160 
cycloHexane-1 : 2- , 215 
cycloHexane-I : 4- 300 

These tables show that, in the case of the 1 : 3-type, the czs-acid 
always melts at a higher temperature than the corresponding 
rans-acid, whereas in acids of the 1:2- or 1: 4-type the reverse 
is the case. 

Other instructive comparisons of melting points and of ionisa- 
tion constants of cyclic dibasic acids with those of acids of the 
(,H,(CO,H), series, which result from them by the addition of 
two atoms of hydrogen, reveal curious relationships which are 
well worth careful consideration, but the discussion of these would 
take up too much space in the present communication. 

Included in this communication is an account of the formation 
of cis-1 : 3-dibromocyclopentane-1 : 3-dicarboxylic acid, 


CH,—CBr-CO,H 
¢H, =, 
CH,—CBr-CO,H 


from the acid chloride of cis-cyclopentane-1 : 3-dicarboxylic acid by 
ttomination and decomposition with formic acid. It melts at 
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184° and yields an oily dimethyl ester distilling at 170°/20 mn, 
The main object in preparing this acid was to endeavour to conver 
it into the doubly unsaturated acid by removal of two moleculy 
of hydrogen bromide, but although a number of experiments 
the action of methyl-alcoholic potassium hydroxide or diethyl. 
aniline on the acid and its methyl ester were instituted, it has » 
far not been found possible to isolate the unsaturated acid. 


EXPERIMENTAL. 


trans-cycloPentane-1 : 3-dicarboxylic Acid. 


The first stage in the preparation of this acid was the conversion 
of ethyl butanetetracarboxylate (Perkin, T., 1894, 65, 578; Bone 
and Perkin, T., 1895, 67, 112) into cyclopentane-1 : 1 : 3 : 3-tetra. 
carboxylate (p. 1401) by treating the disodium derivative with 
methylene iodide * under the conditions employed by Pospischill 
(Ber., 1898, 31, 1951). A second series of experiments showed 
that methylene bromide may be used with advantage in the place 
of the iodide. The preparation of trans-cyclopentane-1 : 3-dicarb- 
oxylic acid from the product of this reaction is more conveniently 
carried out under the following conditions than in the way recom- 
mended by Pospischill. The crude ethyl cyclopentanetetracarb- 
oxylate, obtained by the addition of water, is extracted twice 
with ether, the ethereal solution washed, dried, evaporated, and 
the residual oil, in quantities of 50 grams, hydrolysed by boiling 
for two hours under reflux with sodium hydroxide (34 grams) 
dissolved in alcohol (250 c.c. of 80 per cent.). The product is 
evaporated with water until free from alcohol, decomposed with 
excess of concentrated hydrochloric acid (150 c.c.), and the water 
and hydrochloric acid are distilled off under reduced pressure from 
the steam-bath. The residue is then mixed with sand, thoroughly 
dried, and the acid extracted with ether, free from alcohol, in a 
Soxhlet apparatus. After washing with a little bisulphite to 
remove iodine, the ethereal solution is dried, evaporated, and the 
residue heated at 170—180° until the evolution of carbon dioxide 
has ceased. The mixture of the anhydride of cis-cyclopentane- 
1 : 3-dicarboxylic acid and the free trans-isomeride is now esterified 
by boiling with six times its weight of 10 per cent. alcoholic sulphuric 
acid for six hours, water is added, the ester extracted with ether, 
the ethereal solution washed with water and dilute sodium carbonate 
solution, dried over calcium chloride, and the ether distilled off. 


* The methylene iodide was prepared from methylene chloride and sodium 
iodide under the conditions given on p. 1408. 
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fractioning the crude oily ester under reduced pressure (20 mm.) 
most of it passed over at 150—160°, leaving a considerable residue 
f high b. p., and on refractioning, a colourless oil distilled at 
\48—150°/22 mm. and consisted of the ester of the mixed cis- 
and trans-cyclopentane-1 : 3-dicarboxylic acids (Found: C = 61-5; 
H=84. C,,H,,0, requires C = 61-6; H = 8-4 per-cent.). 

When this ester was hydrolysed by boiling with excess of alcoholic 
potassium hydroxide, a quantity of a crystalline potassium salt 
eparated and it was at first thought that this might be the salt 
of the trans-acid, but examination showed that it also contained 
the cis-modification. The whole was evaporated with water until 
ree from alcohol, acidified, and the acid repeatedly extracted with 
ether in the usual way, when a nearly colourless syrup was obtained 
which quickly crystallised. 

The weight of these mixed acids was about 47 per cent. of that 
demanded by theory, calculated on the ethyl butanetetracarboxylate 
used. 


Separation of cis- and trans-cycloPentane-1 : 3-dicarboxylic Acids. 


The carefully dried mixed acids (20 grams) are shaken with freshly 
distilled acetyl chloride (25 grams) in the cold, and, after twenty- 
four hours, the excess of acetyl chloride is removed by allowing 
the mixture to stand over solid sodium hydroxide in a vacuum 
desiccator. When the residue is rubbed with dry ether, the 
mhydride of the cis-acid (4 grams) remains undissolved and is 
filtered off and washed with a little ether. The filtrate, on evapora- 
tion, deposits an almost colourless syrup (15 grams) which soon 
wlidifies, and this is again treated with acetyl chloride and yields 
a further small quantity (0-3 gram) of the cis-anhydride. The 
‘lid obtained after this second treatment was left in contact 
with porous porcelain until quite dry; it then melted at 85—86°, 
whereas the melting point of the pure trans-acid, according to 
Pospischill (loc. cit., p. 1954), is 87—88-5°. 


d- and |-trans-cycloPentane-1 : 3-dicarboxylic Acids. 


The resolution of dl-trans-cyclopentane-1 : 3-dicarboxylic acid is 
radily accomplished by mixing the acid (15 grams) with brucine 
(0 grams) and adding the mixture to boiling water, when solution 
rapidly occurs. The hot filtrate from the excess of brucine almost 
immediately begins to deposit crystals of the brucine salt of the 
dacid and, after remaining for some hours, the salt is collected and 
recrystallised three times from water. After each crystallisation, 
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the rotation was observed in a 2-dem. tube, the substance being 
dissolved in each case in 20 c.c. of alcohol. 


Number of Weight of Observed 
crystallisation. substance. rotation. [a]. 
2 0°4558 — 137° — 30°08° 
3 0°4231 — 1:25 — 29°54 


A small quantity of the third crop was twice recrystallised from 
‘hot water without any appreciable alteration in the rotation. If 
the hot solution is allowed to cool slowly, the salt separates in 
brilliant, flat needles which effloresce in a desiccator and become 
somewhat discoloured if dried in the steam oven. The air-dry 
salt melted at about 127° (Found: C = 57:2; H= 7-5; N =5:. 
2Cy3H,,0,No,C;H90,,9H,O requires C = 57-4; H = 7-5; N=51 
per cent.). 

The brucine salt was now dissolved in hot water, the alkaloid 
precipitated with ammonia, and the filtrate and washings were 
concentrated by distillation under diminished pressure from the 
steam-bath. After removing a little brucine which had separated, 
the solution was further concentrated, acidified, and repeatedly 
extracted with ether. The ethereal solution was dried over 
anhydrous sodium sulphate and the ether distilled off, when an 
almost colourless syrup remained which soon solidified. 

In this condition, d-trans-cyclopentane-1 : 3-dicarboxylic acid 
melted at about 86°, but after recrystallisation from carbon tetra- 
chloride the melting point rose to 93-5°. On titration, 0-1724 
neutralised 0-0872 NaOH, whereas this amount of an acid, 
C;H,(CO,H),, should neutralise 0-0873 NaOH. Rotation: 1-008, 
dissolved in 20 c.c. of water, gave, in a 2-dem. tube, the rotation 
+ 0-59°, whence [«],, = + 5-86°. 

The ethyl ester, C;H,(CO,Et),, was prepared by boiling the acid 
with 10 per cent. alcoholic sulphuric acid for four hours. It distilled 
at 145°/20 mm. and 1-2583 dissolved in 20 c.c. of alcohol gave, in 
a 2-dem. tube, the rotation + 0-63°, whence [«], = + 5-01°. 

l-trans-cycloPentane-1 : 3-dicarboxylic Acid.—In order to isolate 
this acid, the filtrates and washings of the brucine salt of the d-acid 
were concentrated by distillation under diminished pressure from 
the steam-bath to about a third, when, on long standing in the ice 
chest, a small crop of crystals separated which we found to consist 
of the impure brucine salt of the d-acid. The filtrate from these 
was again evaporated under reduced pressure to about a third, 
when a larger crop of crystals separated which still contained some 
of the salt of the d-acid. The filtrate from this impure salt of the 
l-acid was made alkaline with ammonia, filtered, and the acid 
isolated by concentrating the ammonium salt to a small bulk, 
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© beingll idifying with hydrochloric acid, and repeatedly extracting with 
ther, in the manner described in detail in the case of the isolation 
if the d-acid. The 1|-trans-cyclopeniane-1 : 3-dicarboxylic acid thus 
obtained was left in contact with porous porcelain until quite free 
from oily impurity, and after twice crystallising from carbon 
etrachloride melted ‘at 90—93°. Rotation: 1-0016, dissolved in 
d from {20 c.c. of water, gave in a 2-dem. tube the rotation — 0°53°, whence 
on. If [2] = — §-29°. 


cis-1 ; 3-Dibromocyclopentane-1 : 3-dicarboxylic Acid. 


=5L9 In preparing this interesting acid, the cis-cyclopentane-1 : 3- 
= 5'l ficarboxylic acid (m. p. 121°; 5 grams) obtained by the hydrolysis 
__ [ofthe anhydride (p. 1405) was mixed with phosphorus pentachloride 
kaloid 20 grams) and warmed on the steam-bath until evolution of hydzo- 
Were Hen chloride had ceased. Bromine (15 grams) was then added 
n the ind the whole heated for several hours on the steam-bath. The 
rated, product was mixed with anhydrous formic acid (30 c.c.) and heated 
edly Bont decomposition was complete, when, on standing in the ice 
Over Kchest, the dibromo-acid (8 grams) was deposited as a crystalline 
nan Krust and after recrystallisation from formic acid melted at 
1° (Found: Br = 50-6. C,H,0,Br, requires Br = 50°6 per 
cent.), 
ned The methyl ester, C;H,Br.(CO,Me),, was prepared by gradually 
‘ adding the dibromo-acid-chloride, prepared as described above, 
ack” Ho well-cooled methyl alcohol and allowing to remain for twenty- 
four hours. On diluting with water, a heavy oil separated which 
was extracted with ether, the ethereal solution was washed with 
acid water and dilute sodium carbonate solution and dried over calcium 
1; clloride. After distilling off the ether, the crude methyl ester was 
purified by distillation under reduced pressure, when it passed 
over at about 170°/20 mm. as a nearly colourless oil which did not 
aystallise (Found: C = 32:0; H= 3-5; Br= 45-9. C,H,.0,Br, 
requires C = 31-4; H = 3-4; Br = 46-5 per cent.). 

Various attempts were made to obtain the unsaturated acid from 
he dibromo-acid and its methyl ester, but without success. The 
nethyl ester is scarcely decomposed by heating with diethylaniline 
i the steam-bath, and even at 150° there is little action, but at 


ird ligher temperatures a vigorous decomposition sets in with the 
aa mation of much tar. 
the When the methyl ester is added to boiling alcoholic potassium 


iydroxide, potassium bromide separates, the solution becomes 
teply coloured, and again a quantity of tar is produced. 
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Preparation of Methylene Iodide from Methylene Chloride. 


As considerable quantities of methylene iodide were required 
for the present research and for other purposes and this substan 
could not be obtained during the war, experiments were made 
its preparation from methylene chloride by decomposition with 
sodium iodide. 

A series of experiments on the interaction in methyl-alcoholic 
solution at various temperatures gave very poor yields, but whe 
the methyl alcohol was replaced by acetone much better results 
were at once obtained and the following process was ultimately 
found to work well : 

Methylene chloride (30 grams) is mixed with sodium iodide 
(120 grams) and warm acetone (100 c.c.) and heated in a soda. 
water bottle for ten hours; the bottle is then re-corked and the 
heating continued for a further ten hours. After standing over. 
night, the acetone solution is decanted from the sodium chloride, 
the latter washed with acetone, and the acetone distilled off; water 
is then added and the crude methylene iodide extracted with 
ether. The ethereal solution contains iodine and is washed with 
water containing sodium hydrogen sulphite, dried, and the ether 
distilled off. The residue is then fractionated under reduced pres- 
sure, when, after a little methylene chloro-iodide has passed over, 
methylene iodide distils at about 150°/300 mm., the yield being at 
least 60 per cent. of the possible. If the recovered acetone, con- 
taining methylene chloride, is employed in a subsequent operation, 
the yield is about 10 per cent. higher. 


THE Dyson Perrins LABORATORY, 
OxForD. [Received, July 21st, 1921.) 


CLXII.—The Mechanism of the Oxidation of Drying 
Oils as Elucidated by a Study of the True Oxygen 
Absorption. Part II. Linolenic and Linolit 
Acids. 


By SamMvuet Correy. 


LinsEED oil consists of mixed glycerides of stearic, palmitic, myristi¢, 
arachidic, oleic, linolic, and «-linolenic acids, and it is to the last 
two that linseed oil owes its property of “ drying.’ 

In Part I (this vol., p. 1152) it was shown that the true oxyge! 
absorption of linseed oil is apparently in no simple way connected 
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with the iodine value, and also that the free unsaturated acids are 
oxidised in precisely the same way as the glycerides. The results 
obtained with the oil or with the free acids are too complex to 
allow of any satisfactory explanation and, as no relationship exists 
between the other constants of the oil and the oxygen absorption, 
it seemed highly probable that the two “ active” constituents of 
linseed oil oxidise differently. The problem was therefore attacked 
further by studying the oxidation of linolenic and linolic acids. 

Linolic acid has never yet been obtained in a pure state, as it 
occurs naturally. In the case of linolenic acid, Erdmann (Zeitsch. 
physiol. Chem., 1911, '74, 179) claims to have isolated the pure 
acid as it occurs in linseed oil, but all the author’s attempts 
to repeat Erdmann’s experiments have failed (this vol., p. 1306). 
This difficulty has been overcome, however, by making use of the 
fact that hexabromostearic acid on treatment with zinc gives a 
mixture of stereoisomeric «- and $-acids (Erdmann and Bedford, 
Ber., 1909, 42, 1324), from which the «-acid can be separated as 
hexabromostearic acid by rebromination. To find how «-linolenic 
acid oxidises, the «- and $-mixture was oxidised as described in 
Part 1; another portion of the same acid mixture was brominated 
according to the Hehner-Mitchell method and, after the insoluble 
hexabromostearic acid had been separated, the residual -acid 
bromide was debrominated and the 8-linolenic acid oxidised under 
identical conditions. From the difference, which was due to the 
removed «-acid, the results of the oxidation of «-linolenic acid were 
obtained. 

The oxidation of naturally occurring linolic acid was obtained 
from a study of the oxidation of a sample containing 10 per cent. 
of linolenic acid obtained during an attempt to repeat Erdmann’s 
preparation of linolenic acid. 


EXPERIMENTAL. 


a- and B-Linolenic Acids. 


This mixture was obtained by heating carefully purified hexa- 
bromostearic acid with 95 per cent. alcohol and zinc dust. The 
mixed acids were obtained as a pale yellow oil, d'’ = 0-910. When 
they were oxidised in the apparatus already described, the results 
given in Table I were obtained; it is known that the oxidation 
of a-linolenic acid is complete at the end of six hours. The results 
are also given graphically in Fig. 1.* 


* The curve for the 8-acid represents the amount of oxygen absorbed by 
the 8-acid present in the a + 8-mixture, namely, 76°9 per cent., in order to 
obtain the curve for the a-acid by difference. 
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TABLE I. 


a -+ B- and 8-Linolenic acids. Time of oxidation = six hours, 


Weight of acids. Percentage oxygen 
Gram. absorption. 
0°2312 41°5 
0°2340 41°5 
0°2340 41°5 
0°1910 38°55 
0°1803 38°5 


Fie. 2. 
Linolenic acids. Analysis of fatty-acids reaction curve, 
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The results of the estimation of the volatile products are given 
along with those of the 8-acid in Table IT. 


8-Linolenic Acid. 


For the preparation of this acid a portion of the mixed acids 
(see above) was brominated in acetic acid and ether and the preti- 
pitated hexabromide washed and dried ; 2-3970 grams of the « +? 
mixture gave 1:5106 grams of C,,H,,0,Br,g, corresponding t 
23-1 per cent. of a-linolenic acid (Erdmann gives 23 per cent) 
The filtrate and washings were then evaporated, the oily residue 
was dissolved in acetic acid and the 8-linolenic acid regenerated by 
boiling the solution with zinc dust for four hours. It is know) 
that this process regenerates only the original g-acid. The results 
obtained with the $-acid are given in Tables I and LI. 
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Taste II. 
Volatile Products. 


Total c.c. of 
Weight. N/10- Percentage Percentage of oxygen 
Acid. Gram. BaCO,. Ba(OH),. of CO,. CO,. as CO,H. 
a+f 0°3036 0°0920 15°3 6°75 
0°3036 0°0932 15°5 6°84 
ma 0°3036 0°0928 154 6°80 
8 0°3480 0°0721 118 4°62 


Urs. 


” 


The volatile products, as was observed in Part I, were evolved 
only after about half an hour, that is, in the later stages of the 


reaction. 
Linolic Acid. 


During the attempt to repeat Erdmann’s preparation of «-linolenic 
acid a product containing about 10 per cent. of linolenic acid and 
90 per cent. of linolic acid was obtained. The sample on complete 
oxidation absorbed 27-1 per cent. of oxygen and very little acidic 
volatile products were formed, a fact which shows that the latter 
are due solely to the oxidation of linolenic acid. 


— or 
Percentage oxygen absorption. 
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The Mechanism of the Oxidation of «-Linolenic Acid. 


From the results obtained with the mixture of «- and 6-acids 
and with the B-acid alone, the oxygen absorbed by the «-acid during 
oxidation can be obtained as follows. 

One hundred grams of the mixture contained 23-1 grams of «- 
and 76-9 grams of f-acid and absorbed 41-5 grams of oxygen. 
Since 76-9 grams of $-acid absorb 29-6 grams of oxygen, therefore, 
by difference, 23-1 grams of «-acid absorb 11-9 grams of oxygen, 
and 100 grams absorb 51-4 grams of oxygen. This corresponds 
almost exactly with 9 atoms of oxygen per molecule of «-linolenic 
acid (C,,H4 0, +- 90 requires 51-8 per cent.). 

From the above estimations it is seen that the acidic volatile 

acids § products come from the linolenic acid only; further, it has been 
preci: § shown in Part I (loc. cit., p. 1158) that the ratio CO, : CO,H = 1:1 
. +$-§ and that the ratio of the excess of oxygen above that required for 
ng #4 simple molecular oxidation (loc. cit., p. 1160), which is due to 
cent.). § the reaction of the extra three atoms of oxygen with the «-linolenic 
esidue § acid, to the oxygen in the volatile products is 3 : 4. 
ied by Also, from the results given in Table II, the difference in 
know! § Volatile acids as shown by titration is equivalent to 2460 c.c. of 
results § V/10-baryta per 23-1 grams of «-acid. Therefore, the difference 
for 1 gram-molecule of «-linolenic acid (278 grams) is 29,650 c.c. 


given 
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of N/10-baryta (2-965 equivalents), which is three equivalents as 
nearly as could be expected. 

The percentage of carbon dioxide evolved from «-linolenic acid 
calculated from these figures is 14-1, which, considering the small 
amounts of acids available and the small difference in weight of 
the barium carbonate expected (equivalent to 0-075 gram of lino. 
lenic acid), is in sufficiently good agreement with that required 
for one molecule of carbon dioxide per molecule of «-acid, namely, 
15-8 per cent. 

As indicated in Part I, many hypotheses have been put forward 
to explain the mechanism of the oxidation of linseed oil, but 
apparently none suggests the idea that the different constituents 
of the oil oxidise differently. 

From the work of previous investigators, notably that of Fahrion 
and Weger (Chem. Zeit., 1904, 28, 1196) and Ingle (J. Soc. Chem. 
Ind., 1913, 32, 639) it appears that the first process is one of mole. 
cular oxidation giving peroxides of type II. These, according to 
the results recorded above, are further oxidised by the extra three 
atoms of oxygen, giving, as the main acidic volatile products, 
carbon dioxide and acetic acid in the ratio 1:1. From a considera- 
tion of the results given above and in Part I, the oxidation of 
«-linolenic acid (I) appears to take place according to the following 
scheme. 


C,H,-CH:CH-CH,-CH:CH-CH,-CH:CH-[CH,],-CO,H (1) 


| 


C,H,-CH-CH-CH,-CH-CH-CH,CH-CH(CH,],CO,H (il 
Oo—O 0-0 | d—O 


C,H,-CH-CH-CH,°CO,H + /(CH,-CO,H\ + CHO-[CH,],-CO,H (II) 
O—O \ CO, J 

This scheme satisfactorily explains the several ratios found to 
exist between the acidic volatile products, the excess oxidation and 
the amount of oxygen actually absorbed by the linolenic acid, 
and, as far as can be ascertained, it explains all the main facts 
known about the oxidation of this substance and linseed oil. It 
is only put forward, however, in a tentative manner, because it 
is felt that the evidence, as far as it goes, is not quite sufficient 
definitely to establish the mechanism of the oxidation beyond all 
doubt. 

With regard to the small amount of formic acid produced in 
this oxidation, Wislicenus has recently shown (Ber., 1918, 51, 942) 
that carbon dioxide is reduced to formic acid by hydrogen peroxide 
and it seems conceivable that this might also take place here. 
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The Mechanism of the Oxidation of Linolic Acid. 


The mixture containing about 10 per cent. of linolenic acid and 
9) per cent. of linolic acid absorbed 27-1 per cent. of oxygen. As 
the «-linolenic acid in the mixture accounts for 5-2 per cent. of 
this, the linolic acid accounts for 21-9 per cent. Therefore the 
percentage oxygen absorption for linolic acid is 24-4, which corre- 
sponds with four atoms of oxygen per molecule (four atoms are 
equivalent to 23 per cent. and five atoms to 28-5 per cent.). 

Further, as the oxidation of linseed oil is primarily one of mole- 
cular oxidation, and as linolic acid contains two double linkings and 
absorbs four atoms of oxygen, in all probability this acid simply 
oxidises by the addition of a molecule of oxygen to each unsaturated 
linking, giving as the primary product linolic acid diperoxide. 


C,H, ,-CH:CH-CH,-CH:CH-[CH,],-CO,H 


C5H,,CH-CH-CH,-CH-CH-[CH,],-CO,H. 
O—O O—O 

Linoxyn, the tough, resinous oxidation product of linseed oil, 
is probably a very complex mixture of unchanged saturated 
glycerides and olein, together with the condensation products of 
the above primary oxidation producfs, some of which will have 
combined with glycerol. It is not surprising, therefore, that all 
attempts to resolve it into its several constituents have up to the 
present been unsuccessful. 


The Quantitative Composition of Linseed Oil. 


Many investigators since the time of Hazura (Monatsh., 1888, 9, 
180; Zeitsch. angew. Chem., 1888, 1, 302) have attempted to 
determine the proportions of the constituents in linseed oil (Fahrion, 
leitsch. angew. Chem., 1903, 16, 1193; 1910, 23, 1106; Fokin, 
J, Russ. Phys. Chem. Soc., 1902, 34, 501; Erdmann and Bedford, 
Leitsch. physiol. Chem., 1910, 69, 76). These determinations vary 
within fairly wide limits, but Friend (“Chemistry of Linseed 
Oil,” 1917, p. 56 et seq.) from a consideration of the various data, 
considers that linseed oil of iodine value 180 has the composition 
given in the last column of Table III. 

The main difficulty seems to be the lack of a satisfactory method 
of estimating the various constituents when mixed together. 

From the results given in this and the previous paper, the con- 
stituents in the oil used can be estimated as follows. 

The amount of «-linolenic acid can be calculated from the amount 
of carbon dioxide obtained in the volatile products by multiplying 
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by the ratio C,,H3,0,/CO,. The total oxygen absorption is dy 
to the oxidation of linolic and linolenic acids, and since the amou} 
of the latter is known, that of the linolic acid can be calculate 
The iodine value gives the total unsaturation, and as the amount 
of linolenic and linolic acids are known, that of the oleic acid j 
obtained by difference. Glycerol is estimated directly, and th 
only constituents not known by direct estimation are the saturate 
acids and the unsaponifiable matter. The results of such calculation 
are given in Table III along with those of Friend. 


Tasie III. 


Constituents of Linseed Oil. 


Percentage in linseed 
oil (iodine value 180), 
Constituent. Percentage. Iodine value. (Friend). 
Saturated acids and un- 
saponifiable matter ; 0 
Glyceryl radicle 0 
Oleic 5 4°5 
Linolic 86:1 
Linolenic ,, , 93°5 


100°0 184°1 


It will be seen that the amounts of the constituents calculated 
from the oxygen absorption values are almost identical with those 


recorded by Friend, and this result may be regarded as strong 
evidence in support of the views put forward for the mechanism 
of the oxidation of linolenic and linolie acids. 


Analysis of the Oxidation Curves. 


The mixed fatty acids in the oil used contain (Table II) 507 
per cent. of linolic acid and 35-65 per cent. of linolenic acid, which 
are equivalent to an oxygen absorption of 11-65 and 18-45 per cent. 
on the mixed fatty acids respectively. If a curve calculated on 
the unimolecular reaction law, is drawn for the amount of linolic 
acid calculated from the mixed fatty acid curve (Fig. 2), a curve 
is obtained identical with that obtained for linolenic acid from the 
results of experiments on the linolenic acids (Fig. 1). 

The fact that this curve (Fig. 2), whilst being derived from 4 
totally different set of experiments, is identical with that in Fig. | 
may also be taken as confirmation of the conclusions already 
arrived at above. Also, it seems highly probable that the oxidation 
of linolic acid, excluding the very small induction period, may be 
represented by a simple logarithmic curve of the form 
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as would be expected on theoretical considerations for the simple 
molecular oxidation. 

In the case of linolenic acid, the shape of the reaction curve 
indicates that two different types of reactions, probably consecutive 
reactions, are taking place. Hence the curve is not of the simple 
logarithmic type suggested by several investigators. 


The author takes this opportunity to express his great indebted- 
ness to Professor F. S. Kipping, F.R.8., for his constant attention 
during this work and to the Royal Commissioners for the Exhibition 
of 1851 for a scholarship which enabled him to carry out this 
investigation. 

CHEMICAL DEPARTMENT, 
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CLXII.—Derivatives of Sulphur in Commercial Sal- 
varsan. Part LI. 


By Haroxp Kina. 


TuE present communication contains the proof of the constitution 
of the sulphonic acid 3-amino-4-hydroxy-5-sulphophenylarsinic 
aid described in Part I (this vol., p. 1109), and isolated either 
by oxidation of the constituent of salvarsan containing sulphur 
which is insoluble in methyl alcohol or by oxidation of the acid, 
(,H,0,NSAs, obtained as a by-product in the reduction of 3-nitro- 
thydroxyphenylarsinic acid to 3-amino-4-hydroxyphenylarsinic 
aid by sodium hyposulphite. On reduction, this sulphonic acid 
gave the arseno-compound (V), which on hydrolysis gave a new 
sulpho-acid of o-aminophenol (IV). 


0H OH OH OH 
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The proof of the position of the sulpho-group follows from th 
synthesis by the stages (I) to (IV). Additional confirmation j 
furnished by the nitration of this 6-aminophenol-o-sulphonic acid, 
obtained by the hydrolysis of the arseno-compound, to 4-nitro.(. 
aminophenol-o-sulphonic acid (VI), which agrees in propertia 
with an acid to which this constitution is assigned, described in 
D.R.-P. 123611 and obtained by partial reduction of the corr. 
sponding dinitro-compound. On reduction of the isomeric com. 
pounds (II) and (V1), both yielded the same 4 : 6-diaminophenol-. 
sulphonic acid (VII). 

The difficulty of identifying some of the above compounds fron 
the meagre account in the patent literature has been to some extent 
remedied by a description of their more distinctive reactions. 

In one particular, the author is compelled by subsequent experi. 
mental developments to modify the interpretation of certaiy 
results given in Part I. The substance C,H,O,NSAs, obtained in 
10 per cent. yield as a by-product in the reduction of 3-nitro-+. 
hydroxyphenylarsinic acid by sodium hyposulphite, and described 
as 3-amino-4-hydroxy-5-sulphinophenylarsinic acid with the reser. 
vation expressed in the foot-note (p. 1108) that it might be the 
isomeric 3-amino-4-hydroxy-5-sulphophenylarsenious acid, has nov 
been prepared by reduction of 3-amino-4-hydroxy-5-sulphophenyl. 
arsinic acid by hydrogen iodide and sulphur dioxide, and mut 
therefore be the sulphonic acid of the phenylarsenious acid, and 
not the sulphinic acid of the phenylarsinic acid. This introduces 
a welcome simplification into the chemistry of the derivatives 
of sulphur in commercial salvarsan, as the amorphous arseno- 
benzenes there described containing the sulphinic acid group ar 
in reality identical with the corresponding sulphonic acids, and 
the slight differences in analytical figures and toxicities are thov 
of amorphous substances prepared under different experimental 
conditions. 

To summarise, the main sulphur-containing impurity in com- 
mercial salvarsan is 3 : 3’-diamino-4 : 4’-dihydroxy-5-sulphoarseno- 


benzene monohydrochloride, associated with varying proportion hy 


of the sulphate of salvarsan base. 


ExPERIMENTAL. 


Monosulphonation of p-Nitrophenol. 


Post’s process (Annalen, 1880, 205, 38) gave unsatisfactory 
results. The following modification gives excellent yields. Thirty 
grams of p-nitrophenol were added to 80 c.c. of Nordhausen sulphur’ 
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acid (16 per cent. SO,) at — 10°, and kept at 0° for twenty-four 
hours. The diluted solution was extracted with ether to remove 
tar and unchanged p-nitrophenol, and the required 4-nitrophenol-o- 
sulphonic acid isolated as the calcium salt. 


Deamination of 6-Nitro-4-aminophenol-o-sulphonic Acid (II). 
6-Nitrophenol-o-sulphonic Acid (III). 


The calcium salt of 4-nitrophenol-o-sulphonic acid was reduced 
to the amino-compound (I) with tin and hydrochloric acid and the 
product nitrated as described in D.R.-P. 113337. The yields are 
excellent. The salient properties of this acid (II) are described 
below (p. 1419). 

The deamination was conducted as follows. 4-7 Grams of 6-nitro- 
4aminophenol-o-sulphonic acid were diazotised in hydrochloric 
acid solution. ‘The crystalline diazonium sulphonate which separ- 
ated was collected by filtration and added to 200 c.c. of absolute 
alcohol. On addition of copper powder (2 grams), the diazo- 
nitrogen was evolved without heating. After an hour had elapsed 
the solution was filtered from undissolved copper, diluted with 
water, and the alcohol removed under reduced pressure. The 
copper was precipitated as sulphide and the bright red filtrate 
concentrated to a small volume, treated with excess of ammonia, 
and the product isolated as the ammonium salt. The yield was 
15 grams. 

The ammonium salt of 6-nitrophenol-o-sulphonic acid is readily 
soluble in hot water but rather sparingly so in cold. It crystallises 
anhydrous in long, glistening, delicate, golden leaflets (Found : 
ammonium N = 5-7; S = 13-8. C,H,O,N,S requires ammonium 
N=5-9; S = 13-6 per cent.). With ferric chloride solution, a 
wine-red coloration is produced. 

Apart from the ammonium salt, the most characteristic salt is 
the lead salt, which erystallises magnificently in orange-yellow 
prisms with wedge-shaped ends and also in hexagonal plates. 

The free acid, obtained from the lead salt by decomposition with 
‘§ bydrogen sulphide, crystallises in delicate, pale yellow needles and 
is very soluble in water. It has no definite melting point, and, 
unlike the isomeric 4-nitrophenol-o-sulphonic acid, it is not extract- 
able by ether and is not precipitated on addition of concentrated 
hydrochloric acid to the solid ammonium salt. 


6-Aminophenol-o-sulphonic Acid (IV). 


The ammonium salt (1-1 grams) of 6-nitrophenol-o-sulphonic 
«id was reduced with tin and hydrochloric acid and the free 
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amino-acid isolated after removal of the tin as sulphide. The 
yield was 0-9 gram. 

This acid proved to be identical with the acid obtained by the 
hydrolysis by Karrer’s method of 3 : 3’-diamino-4 : 4’-dihydroxy. 
5 : 5’-disulphoarsenobenzene. The identity was proved by the 
following properties and by a direct comparison with the two 
other known 6-aminophenol-m- or p-sulphonic acids. 

Both acids crystallise identically, and with one-half a molecule 
of water of crystallisation, which is lost by air-drying for twenty. 
four hours under summer conditions of temperature (Found: in 
the synthetic acid, H,O = 4-6. C,H,O,NS,3H,O requires H,0 = 
4-5 per cent. After twenty-four hours’ air-drying, loss = 05; 
N = 7-6. C,H,0,NS requires N = 7-4 per cent. Found : for the 
acid obtained by hydrolysis, H,O = 4:2; on air-dried material, 
H,O = 0-5; N = 7-5 per cent.). Their aqueous solutions in dilute 
ammonia readily become coloured, and addition of barium chloride 
precipitates a sparingly soluble barium salt crystallising in rosettes 
of glistening hexagonal leaflets. Neither of the other know 
isomeric 6-aminophenol-m- or -p-sulphonic acids gives an insoluble 
barium salt (Bennewitz’s statement, J. pr. Chem., 1873, [ii], 8, 1, 
that the p-sulpho-acid gives an insoluble barium salt was not 
confirmed). Addition of sodium nitrite and hydrochloric acid 
produces an orange-red solution, becoming paler on further addition 
of nitrite, and when this reaction mixture is added to alkaline 
8-naphthol, an insoluble blue dye results. With ferric chloride an 
intense cherry-red coloration is obtained, the isomeric m-sulpho-acid 
giving an intense indigo-blue. 


Nitration of 6-Aminophenol-o-sulphonic Acid. 


6-Aminophenol-o-sulphonic acid (1-5 grams), prepared from 
3 : 3’-diamino-4 : 4’-dihydroxy-5 : 5’-disulphoarsenobenzene, was dis- 
solved in 6 c.c. of sulphuric acid, cooled to — 5°, and 1-2 c.c. ofa 
mixture of equal volumes of nitric acid (D 1-42) and sulphuric 
acid were added. After thirty minutes the solution was poured om 
to ice and the crystalline nitro-compound collected. The yieldjis 
was 1-6 grams. 

This acid crystallises in three forms; a very stable monohydrateyiy 
erystallising in columns or stout prisms, which only loses its water 
of crystallisation at 140°. In addition it forms a dimorphow 
dihydrate. When crystallised from boiling water, the first form 
which separates is a dihydrate crystallising in long glisteniif 
needles. On keeping for a few hours, these slowly pass into solution 
with deposition of another dihydrate crystallising in flattened 
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serrated needles or with deposition of the stable monohydrate 
described above. Both dihydrates lose their water of crystallisation 
readily at 100° (Found: in monohydrate, H,O = 7-7. C,H,O,N,S,H,O 
requires H,O = 7-7 per cent. Found: in unstable dihydrate, 
H,O = 11-2; in stable dihydrate, H,O = 12-1. C,H,O,N,S,2H,O 
requires H,O = 13-3 per cent. Found: in the anhydrous substance, 
§= 140. C,H,O,N.S requires S = 13-7 per cent.). 

Properties of 4-Nitro-6-aminophenol-o-sulphonic and 6-Nitro-4- 
aminophenol-o-sulphonic Acids (VI and II).—These acids are respec- 
tively derivatives of p- and o-nitrophenol and for brevity will be 
referred to as such. 

The p-nitro-compound decomposes violently at 285°, in agree- 
ment with the statement in D.R.-P. 123611, whereas the o-compound 
is unchanged at 290°. The ammonium salt of the p-compound 
erystallises in diamond-shaped leaflets, that of the o-compound 
in needles; the latter is the more soluble and dissolves with a 
deeper red colour. The sparingly soluble barium salts crystallise 
in needles, the salt of the p-compound being distinctly the less 
soluble. The calcium salts are much more soluble. Both acids 
diazotise and couple with alkaline @-naphthol, the p-acid alone 
forming an insoluble red dye. 

Reduction of the Isomeric Nitroamino-compounds to the same 
4: 6-Diaminophenol-o-sulphonic Acid (VIL).—Both the above nitro- 
amino-acids, on reduction with tin and hydrochloric acid and 
removal of the tin as sulphide, yield the same monohydrochloride 
of 4: 6-diaminophenol-o-sulphonic acid (Found: for the diamine 
fom 4-nitro-6-aminophenol-o-sulphonic acid, Cl = 14-9; for the 
diamine from the isomeric 6-nitro-4-aminophenol-o-sulphonic acid, 
= 149; N= 11-6. C,H,O,N,S,HCI requires Cl = 14-7; N = 
116 per cent.). 

The identity of the two follows from the following properties. 


s dis §oth monohydrochlorides are readily soluble and crystallise from 


water in diamond-shaped leaflets. The base from each, when 
precipitated by a limited amount of sodium hydrogen carbonate, 
tystallises in microscopic plates or leaflets. In ammoniacal 
‘lution, both on addition of barium chloride solution rapidly 
(eposit a sparingly soluble barium salt crystallising in nodules or 
varts. The calcium salt in both cases is very soluble. The colora- 
lin with ferric chloride—a red rapidly deepening to purple—is 


sgMe same in both cases, as is also the red coloration given by oxidis- 


ng agents, nitric acid, hydrogen peroxide, and bromine water. 
When diazotised, both give orange-red solutions rapidly deepening 
i colour on further addition of nitrite and when added to alkaline 
Fuaphthol both precipitate purple-blue dyes. 

VOL. CXIX. 3C 
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Reduction of 3-Amino-4-hydroxy-5-sulphophenylarsinic Acid to th - 
Phenylarsenious Acid. sider 
show 
One gram of the substituted phenylarsinic acid was suspended 
in 8 c.c. of water and 4-5 c.c. of concentrated hydrochloric acid 
and 0-25 gram of potassium iodide were added. Sulphur dioxide 
was passed through the solution for about an hour, when the | 
reduction was complete. The substituted arsenious acid was | 
collected and weighed 0-95 gram. 
3-Amino-4-hydroxy-5-sulphophenylarsenious acid was _ identical 
with the substarice erroneously described as 3-amino-4-hydroxy-i. 
sulphinophenylarsinic acid in Part I (p. 1108) (Found: on dried 4 
substance, N = 4-6. C,H,O,NSAs requires N = 4-7 per cent.). J ong } 
DEPARTMENT OF BIOCHEMISTRY AND PHARMACOLOGY, from 
Tse Nationat INstTITuUTE FOR MEDICAL RESEARCH, Cot 
HampsteaD, N.W.3. [Received, August 3rd, 1921.] 
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CLXIV.—Phenolcoumarein and Resorcinolcoumarein. 
By Sri Krisuna. 
Pecumann (Ber., 1883, 16, 2119) and other investigators havej Phe 
observed that different products are obtained by condensing malic # trib 
acid or acetoacetic acid with phenols under different experimental perhay 
conditions. Such a case is that of resocyanin, to which Wittenberg *ts al 
(J. pr. Chem., 1882, [ii], 26, 66) gave the formula C,,H,,0,, andy the o1 
Michael (Amer. Chem. J., 1883, 5, 434) expressed the same by the hydro: 
formula C,)H,03. notices 
Previous workers, ignoring the other products of reaction, isolated additic 
only coumarin and substituted coumarins from the products of The ec 
the interaction of phenols and malic acid. In this paper it ij Matter 
shown that the condensation can be carried a step further if a conden 
excess of phenol and a suitable condensing agent are employed aiff above, 
a suitable temperature. In all cases, since coumarin is the firs shows 
product of the reaction, the further condensation with phenols wé formul: 
carried out by heating a mixture of coumarin (1 mol.) and phene which | 
(2 mols.) at 120° with zine chloride in the presence of dry hydroge! +9 
er 


chloride (compare this vol., p. 289). | 
The products of condensation of phenols and coumarins may 


of the phenolphthalein type of compound. Since the analyti 
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data point to the presence of an extra molecule of water, it is con- 
sidered that the product in question may have been formed, as 
shown below, by the rupture of the lactone ring : 


. HO’ ‘ f- Nou 
(co AW 
\JA\ 448 J\ 98 L 
CH q | CH 
/\4 
CH 


A similar compound was obtained from coumarin dibromide 
and phenol, in which case the bromine atoms probably migrate 
from the quadrivalent oxygen atom to the double linking. 

Coumarin is known to give various additive compounds, for 
example, with mercuric chloride and platinic chloride, but phenol- 
coumarein yields no such products, although the quadrivalent 
oxygen may still be assumed to be present in the molecule : 


. 
bi C(C,H,:OH), 


/ fH 
CH 


Phenolcoumarein gives a tripotassium salt, a trimethyl ether, and 
a tribenzoyl derivative, but only a diacetyl compound. This may 
perhaps be accounted for, if it is considered that the acetic anhydride 
acts also as a condensing agent, eliminating water and reproducing 
the original lactonic ring. Phenolcoumarein dissolves in alkali 
hydroxides with a beautiful deep purple colour, which is distinctly 
noticeable even in very dilute solutions and is destroyed by the 
addition of a slight excess of acid or an excess of alkali hydroxide. 
The colour always reappears on neutralisation of the solution, no 
matter how this has previously been treated. When coumarin is 
condensed with resorcinol according to the procedure described 
above, resorcinolcoum arein is formed, the alkaline solution of which 
shows a strong green fluorescence; analytical data indicate the 
formula C,,H,,0;,H,O. It may be suggested that resocyanin, 
which Schmidt and Wittenberg found to be a compound of the 
formula, C,,H,,0,, exhibiting fluorescence in alkaline solution, 
8 the resorcinoleoumarein described above. 
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EXPERIMENTAL. 
Phenolcoumarein. 


A mixture of 15 grams of coumarin and 20 grams of freshly 
distilled phenol, which liquefied with much lowering of the tempen. 
ture, was heated for two hours at 120° with 10 grams of finely 
powdered, anhydrous zinc chloride in a current of dry hydroge 
chloride. The mixture developed a pink colour, the current ¢ 
gas was stopped, and the whole mass was heated for another tw 
hours at the same temperature. The colour slowly deepened and 
ultimately became black towards the end of the reaction. Th 
black mass, while hot, was poured into 500 c.c. of 5 per cent. hydro. 
chloric acid and boiled to remove zinc chloride and excess of phenol. 
The process was repeated twice, and the solid remaining after 
filtration was washed with hot water, powdered, made into a thin 
paste with water, and poured into 500 c.c. of 3 per cent. sodium 
hydroxide solution. After remaining overnight, the mixture was 
filtered and the red solution precipitated with dilute hydrochloric 
or acetic acid, when a brown precipitate was obtained. This was 
collected, the above process repeated, and for the third time the 
precipitate was dissolved in sodium carbonate solution and preci. 
pitated with dilute hydrochloric acid, when an orange precipitate 
was obtained, which crystallised from dilute hydrochloric acid a 
a bright orange, crystalline powder. For analysis, the powder was 
well washed with water and dried in a vacuum desiccator ovet 
sulphuric acid (Found: C = 71:31; H = 5°34. C,,H,,0; requires 
C = 71:59; H = 5°68 per cent.). 

Phenolcoumarein obtained in this way is an orange, micro 
crystalline powder containing one molecule of water. When 
dried in a steam-oven it darkens and acquires a green lustre, and 
then melts at 103—105°. It dissolves in alkalis with a pinkish-re 
colour which changes to pale yellow on the addition of a slight 
excess of acid. It is almost insoluble in ether, benzene, or chloro- 
form, but dissolves quite readily in alcohol or acetic acid. (1 
heating at 95° in a vacuum over phosphoric oxide, it loses one 
molecule of water (Found: C = 75-49; H= 5°50. C.,Hj.% 
requires C = 75-45; H = 5-38 per cent.). 

The potassium salt, C,,H,;0,;K3,H,0, was obtained by dissolving 
molecular proportions of potassium hydroxide and_phendl- 
coumarein in 98 per cent. alcohol. The mixture was heated on‘ 
water-bath for a few minutes and filtered after half an hour; the 
purple filtrate deposited the tripotassium salt as a pink powder 
slow evaporation. It dissolved readily in water, giving red soli 
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tions, and contained one molecule of water (Found: K = 26-64. 
(,H,;0,K, requires K = 26-19 per cent.). 

The silver salt was obtained as a brown precipitate by heating 
the calculated weights of silver nitrate and the tripotassium salt 
jn aqueous solution on a water-bath for a few minutes and adding 
afew drops of dilute nitric acid. The precipitate, after being washed 
with hot dilute alcohol to remove unchanged phenolcoumarein and 
silver nitrate, was dried in a steam-oven and kept in a desic- 
cator (Found: Ag= 49-81. C,,H,,0,Ag, requires Ag-= 49-44 
per cent. ). 

The trimethyl ether, C,,H,,0,, was prepared by heating an alkaline 
solution of phenolcoumarein with methyl sulphate in methyl- 
alcoholic solution on a water-bath for an hour, filtering the cooled 
mixture into a large quantity of cold water, and faintly acidifying, 
when the methyl ether was obtained as a brown, flocculent preci- 
pitate. After being washed and dried, the brown powder was 
further purified by dissolving it in a mixture of alcohol and ether 
(10 per cent. of alcohol) and pouring the filtered solution into a 
large volume of light petroleum, from which a pale grey powder 
was obtained. After being washed with ether and dried in a 
vacuum desiccator, the compound melted at 74° (Found : C = 76-91; 
H=6-18. C,,H,,0, requires C = 76-59; H = 6-39 per cent.). 

The tribenzoyl derivative was prepared by shaking phenol- 
coumarein, dissolved in an alcoholic solution of sodium hydroxide, 
with the calculated quantity of benzoyl chloride until the smell of 
the latter was completely lost. After being heated on a water-bath 
for two hours, the mixture was cooled and filtered into a large excess 
of water. The brown precipitate obtained was washed with hot 
water and dried. The tribenzoyl derivative thus obtained was 
sluble in benzene and chloroform and crystallised by slow 
evaporation of its solution in a mixture of the two in very small 
pale grey crystals, which melted at 154° (Found: C = 77-77; 
H= 5:15. CyyH3 90, requires C = 78-02; H = 4-64 per cent.). 

The diacetyl derivative was prepared by heating 5 grams of 
phenoleoumarein, 10 grams of acetic anhydride, and 5 grams of 
sodium acetate for four hours under reflux. The solution was then 
poured into a large excess of water containing 10 per cent. of alcohol, 
aid heated on a water-bath to decompose the excess of acetic 
anhydride. The brown, viscous residue obtained became harder 
after repeated washings, and was then powdered and dried. For 
imalysis, a sample was dissolved in glacial acetic acid and filtered 
into a large excess of water, when, on slight heating, a brownish- 
red precipitate was obtained, which was thoroughly washed with 
like-warm water and dried in a desiccator over sulphuric acid; 
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it then melted at 132° (Found: C = 72:11; H= 5-17. C,;H,,0, 
requires C = 71-77; H = 5°26 per cent.). 

Tetrabromophenolcoumarein was prepared by heating 3-2 gram: 
of phenolcoumarein and 3-2 grams of bromine in glacial acetic acid 
under reflux on a water-bath for two hours. After remaining 
overnight, the mixture was filtered into a large excess of water, 
when a pale brown precipitate was thrown down. This was washed 
thoroughly with hot water to remove acetic acid and excess of 
bromine and dried. The brown powder was soluble in alcohol 
or chloroform, but could not be obtained crystalline. A sample 
was dissolved in ether, the solution filtered into an excess of light 
petroleum, and the brown powder that was deposited after some 
time was washed with light petroleum and dried in a vacuum 
desiccator, when it melted at 172—173° (Found: Br = 50-77. 
C,,H,,0,Br, requires Br = 49-22 per cent. C,,H,.0,Br, requires 
Br = 50-64 per cent.). 


Phenoldibromocoumarein. 


This compound was prepared by heating 10 grams of coumarin 
dibromide (Perkin, Annalen, 1871, 157, 116) with 8 grams of 
freshly-distilled phenol and 5 grams of zine chloride at 105° for 
four hours in a current of dry hydrogen chloride. The melt was 
poured into a large volume of dilute hydrochloric acid, heated, 
and the phenoldibromocoumarein extracted as in the case of phenol- 
coumarein. Phenoldibromocoumarein is a brownish-red powder 
which gives a pink colour with alkali hydroxides (Found : C = 51-42; 
H = 3:96. C,,H,,0,Br, requires C = 51-04; H = 3°64 per cent.). 


Resorcinolcoumarein. 


(Non fOHK yo .H,0 
CH >— 

- Sl 
\Z ‘“% Rite Pa 


This substance was prepared by heating a mixture of 14-6 grams 
of coumarin, 22 grams of resorcinol, and 10 grams of freshly- 
fused zine chloride at 120° in a current of dry hydrogen chloride. 
After four to five hours, when the reaction was completed, the 
melt was poured into 500 c.c. of water acidified with 20 c.c. 
hydrochloric acid, and the resorcinoleoumarein extracted as in the 
case of phenolcoumarein. The crude product, a brown powder, 
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was dissolved in alcohol, boiling water added until a turbidity 
appeared, and the mixture boiled with animal charcoal. The 
filtered solution was diluted with water, when an orange powder 
separated. This was collected and washed and again precipitated 
from an alkaline solution with dilute acetic acid. 

The crystalline, orange-yellow powder, which contains a molecule 
of water, is soluble in alcohol, ether, or acetic acid. The solution 
in acetic acid fluoresces slightly, whilst the solutions in alkalis 
exhibit a strong green fluorescence. On heating, the orange powder 
changes into a dark, crystalline powder with a green lustre and 
melts at 176—177° (Found: C= 68:59; H=514. C,,H,,0, 
requires C = 68-85; H = 4-91 per cent.). 

Terabromoresorcinolcoumarein was prepared by heating 3-6 
grams of resorcinolcoumarein and 3-2 grams of bromine in glacial 
acetic acid on a water-bath for one hour, allowing to cool, filtering 
into a large excess of water, and washing the red precipitate obtained 
with hot water. The powder, pale red when dry, is soluble in 
alkalis, alcohol, or ether, but shows no fluorescence in any of these 
solvents. It decomposes above 280° (Found: Br = 48-83. 
(,,H,,0,Br, requires C = 48-18 per cent.). 

In conclusion, I desire to express my thanks to Dr. F. G. Pope 
for his helpful suggestions and to the Research Fund Committee 


of the Chemical Society for the grant which defrayed part of the 
expenses incurred in this research. 


East LONDON COLLEGE, 
(UNIVERSITY oF LONDON). (Received, July 15th, 1921.] 


CLXV.—The Nitro- and Amino-derivatives of m- 
Hydroxybenzoic Acid. 


By Victor FROELICHER and JULIUS BEREND COHEN. 


AttHoucH Griess and Hiibner obtained a p-nitro-derivative of 
m-hydroxybenzoic acid in 1872 by the action of potassium hydroxide 
on 4-nitro-3-aminobenzoic acid (Ber., 1872, 5, 856), the formation 
of nitro-derivatives of this acid by direct nitration was first effected 
by Griess in 1887 (Ber., 1887, 20, 405) by using dilute nitric acid. 
He states that he succeeded in obtaining in this way the 2-, 4., 
and 5-nitro-m-hydroxybenzoic acids. 

An attempt to repeat his experiments, according to his directions 
and by various modifications of them, was unsuccessful. About 
20 per cent. of the theoretical amount of the 4-nitro-acid was 
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obtained and at the same time very small quantities of the impur 
5- and 6-nitro-acids, but no 2-nitro-acid was found. Although 
the 6-acid was not isolated in a state of purity, there is no doubt 
as to its presence, seeing that the 6-amino-acid has been separated 
from the mixed nitro-acids after reduction. 

The disadvantage of Griess’s method arises from the resinous 
nature of the product and the consequent difficulty of separating 
the different isomerides by crystallisation. 

Further attempts to separate the acids by crystallisation of the 
copper, magnesium, and calcium salts met with no better success, 
Following a suggestion of Dr. J. B. Oesch, nitration was tried in 
nitrobenzene solution with fuming nitric acid. Although the 
product was freer from resinous matter, the 2- and 5-acids could 
not be isolated. 

Experiments were then carried out with the following derivatives 
of m-hydroxybenzoic acid : 


DN H a Me ~ Me CO,H 
a 


CO) * -CO-CH, C) = eo 2, L OMe 


(I.) (II.) (II1.) (IV.) 


It is an interesting fact that these are all less easily nitrated 
than the unsubstituted hydroxy-acid, but neither the method of 
Griess nor that of Oesch is applicable. The acetoxy-derivative (I) 
cannot be nitrated at all, even on boiling with fuming nitric acid. 
In presence of concentrated sulphuric acid, however, a vigorous 
action occurs owing to the hydrolysis of the acetoxyl group, when 
the free hydroxy-acid is readily attacked. The methyl] ester (Il) 
may be nitrated in a solution of carbon tetrachloride with fuming 
nitric acid at a temperature not exceeding 45°, but a very poor 
yield of mixed nitro-acids was obtained. The third or methoxy- 
ester (III) is an oil and was found more difficult to nitrate than 
II or IV. 

The most satisfactory results were obtained with methoxy- 
benzoic acid (IV), in which nitration was carried out with a mixture 
of nitric and sulphuric acids in acetic anhydride. In this way the 
2- and 4-nitro-acids were formed. They proved to be identical 
with the substances obtained by Rieche (Ber., 1889, 22, 2355) 
by the nitration of methoxybenzaldehyde and subsequent oxidation. 
He determined the constitution of both acids by transforming them 
into Griess’s acids in the following way : 


CO-OH CO-OH CO-0H 
C,H Oct, = On Rie —_. CJH,C OH 
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The position of the nitro-group is a matter of some interest. 
According to Holleman, the position taken by the entrant group 
js mainly determined by the nature of those already present and 
to a smaller extent by that of the entrant group itself, and he 
lays down the following rules (Die Einfiihrung von Substituenten 
in den Benzolkern) : 

1. The rate of substitution takes place more rapidly in the 
ortho- and para- than in the meta-position. 

2, The order of influence of groups determining the ortho-para- 
position taken by the entrant group is : 


OH>NH,>Cl>I1>Br>CHs. 


3. The order of influence of groups determining the meta-position 
is: 


CO,H >S0,H >NO,. 


According to this view the entrant nitro-group in m-hydroxybenzoic 
aid should take up the 2-, 4-, or 6-position and to a smaller extent 
position 5. 

In the nitration of the hydroxybenzoic acid the main product is 
the 4-nitro-compound, whereas in the case of the methoxy-derivative 
the 2- and 4-nitro-acids both ortho to the hydroxyl group are 
obtained. The methoxyl group differs, therefore, to some extent 
fom the hydroxyl group in its directing influence. Incidentally 
experiments were made to combine toluenesulphonyl chloride and 
carbonyl chloride with the sodium or silver salt of hydroxybenzoic 
aid, but without result. 


Reduction of the Nitrobenzoic Acids. 


Although, as already stated, the 2-, 4-, and 5-nitro-acids were 
obtained by Griess, only the 4-nitro-acid has been reduced to the 
amino-compound (Einhorn, Annalen, 1900, 311, 43; Fried- 
linder, 1901, p. 819, D.R.-P. 97335), The 2-amino-acid was obtained 
by Keller (Arch. Pharm., 1908, 246, 21) by heating damascenine 
with hydriodic acid at 100°. An amino-acid of unknown con- 
stitution has been prepared by the “Ciba” Co. of Basle (Fried- 
linder, II, 139, 915) by heating m-aminophenol for twelve hours 
with a solution of ammonium carbonate at 110°. The 6-amino- 
«id was obtained by Griess (Ber., 1878, 11, 1733) by heating 
§-nitro-m-aminobenzoic acid with potassium hydroxide. 

By using Einhorn’s method of reduction, the following amino- 
tompounds have been prepared : 

3 o* 
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CO,H - A Mer WH 

mi. ( NH, 

Cou oH OMe L OMe 
WH, NH, 


They are typical amino-compounds, forming acetyl and _ benzoy| 
derivatives, they react with potassium cyanate, giving carbamido. 
compounds, and where the amino-group is ortho to the carboxyl, 
hydantoin derivatives. They react with chlorocarbonic ester and 
are readily diazotised. 

The constitution of the 4- and 6-amino-acid has been ascertained 
as follows. The 4-carbamido-compound loses ammonia when 
_heated near to the melting point (306°), forming an anhydride. 
It also gives on methylation a product identical with that obtained 
from the 4-aminomethoxy-acid by the action of potassium cyanate. 
Both the 2-aminomethoxy-compound and the 6-aminohydroxy- 
acid yield carbamido-derivatives which readily pass into the 
hydantoins on heating with hydrochloric acid, thus fixing the ortho. 
position of the amino-group to carboxyl. 

Furthermore, the 2-amino-acid reacts with acetoacetic ester, 
yielding a quinaldine derivative (Niementowski, Ber., 1894, 27, 
1398). 

Ne H i. ~ 
H, H,°CO,Et ‘oo, H | : 
+ —" Om + C,H,O + H,0. 
OM 


With chlorocarbonic ester all react, giving carbethoxyamino- 
compounds of the formula 
—- H CO,H 


- CHK OMe Et 


C.H 
. NRE CO,Et 


EXPERIMENTAL. 
Nitration of m-Hydroxybenzoic Acid. 


Fifty grams of the m-hydroxy-acid were dissolved in 175 c.. 
of hot nitrobenzene. By rapidly cooling, the acid separated in 4 
finely divided state. To the mixture warmed at 35—40°, 17 c-. 
of fuming nitric acid dissolved in an equal amount of nitrobenzene 
were slowly added and stirred for four hours. The product was 
filtered, washed with carbon tetrachloride, and crystallised from 
dilute alcohol. It melted at 227—228° and was therefore the 
4-nitro-acid. The yield was 10 grams. From the mother-liquo! 
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the addition of carbon tetrachloride precipitated a red oil which 
gon solidified. and melted indefinitely at 80—110°. A small 
quantity of the 6-amino-acid was, however, obtained on reduction, 
which indicates that some 6-nitro-acid was formed. 


Nitration of m-Methoxybenzoic Acid. 


Fifty grams of m-methoxybenzoic acid (Graebe, Annalen, 1905, 
340, 211) were added to 400 c.c. of acetic anhydride and cooled in 
a freezing mixture. A mixture of equal volumes of fuming nitric 
acid (24 grams) and concentrated sulphuric acid was slowly intro- 
duced, the temperature being maintained at — 5° to — 10° and 
the mixture well stirred. The reaction required about eight hours 
for completion. The product was allowed to stand overnight 
and then poured on to ice, filtered, washed with water, and dried. 
The yield was 50 grams of mixed nitro-acids, which melted, but 
not sharply, at about 200°. The acids may be separated by 
repeated fractional crystallisation from water, alcohol, or more 
conveniently from glacial acetic acid. In this way two pure 
substances were obtained, the main product being the 4-nitro-acid, 
with smaller quantities of the 2-nitro-acid, the former melting at 
28—211° and the latter at 253—255°. Rieche (loc. cit.) gives 
8° and 251° (Found: for 4-nitro-acid, N = 6-98, 7-28; for 
2-nitro-acid, N = 7-15, 7-20. Calc., N = 7-10 per cent.). 

Both compounds are insoluble in benzene, ether, or chloroform. 
The sodium salt is almost colourless in solution, but becomes 
yellow on standing. 


Reduction of the Nitro-acids. 


4-Amino-m-hydroxybenzoic Acid.—The reduction was effected 
according to Einhorn (Annalen, 1900, 311, 43; Friedlander, 1901, 
p. 819). Ten grams of the nitro-acid and 200 c.c. of concentrated 
hydrochloric acid were heated on the water-bath and 30 grams of 
tin slowly added. After the reaction was complete, the product 
was allowed to stand for an hour, when the double tin salt separated 
and was filtered. The precipitate was dissolved in 200 c.c. of 
warm water and hydrogen sulphide passed in until all the tin was 
tmoved. The filtrate was concentrated on the water-bath until 
trystals of the hydrochloride began to separate. When cold, the 
hydrochloride was filtered, dissolved in a little water, and the free 
base precipitated by the addition of a concentrated solution of 
sodium acetate. The base was filtered and washed with water. 
It may be recrystallised from hot water or dilute alcohol and melts 
tt 115—116°. The yield is about 60 per cent. of the theoretical. 

3 c*2 


1430 FROELICHER AND COHEN: THE NITRO- AND 


The hydrochloride, which dissolves readily in water, can be diazo. 
tised, giving a yellow, crystalline diazonium salt, which, when dry, 
explodes on heating and in alkaline solution forms a red colouring 
matter with resorcinol and §-naphthol. 

4-Carbamido-m-hydroxybenzoic Acid.—Five grams of the amino. 
acid were added to a solution of 2-5 grams of potassium cyanate 
in 10 c.c. of water. The reaction was completed by gently warming. 
The precipitate was removed by filtration and washed with water, 
When recrystallised from hot water, it melted at 308°, partly 
decomposing with evolution of ammonia. It dissolved in hot 
alcohol, but was insoluble in ether, light petroleum, or benzene 
(Found: N = 14-18. C,H,O,N, requires N = 14-29 per cent.). 

4-Carbethoxyamino-m-hydroxybenzoic Acid.—Four grams of the 
amino-acid were dissolved in 150 c.c. of 10 per cent. potassium 
carbonate solution; 16 grams of ethyl chloroformate were added 
and the mixture was shaken. The flesh-coloured precipitate 
formed was filtered, washed with cold water, and purified by 
dissolving in alcohol and reprecipitating with water. The con- 
pound crystallises in colourless leaflets melting at 250—251° and 
is soluble in water or alcohol, but insoluble in hydrocarbons (Found: 
N = 6:00. ©, 9H,,0;N requires N = 6-22 per cent.). When slowly 
heated, it does not melt, but slowly decomposes at 305—310’, 
forming a dark brown substance which sublimes at about 320°. 
The same compound may be prepared by dissolving the carbethoxy- 
compound in sodium hydroxide, warming for an hour on the 
water-bath, and acidifying with hydrochloric acid. It has probably 
the following formula : 


CO,H/ 
~~ 


4-Amino-m-methoxybenzoic Acid.—The reduction of the corre: 
sponding nitro-compound was carried out as described above. 
‘The amino-acid is a colourless substance which crystallises from 
hot water in leaflets and melts at 185—186°. It is soluble in 
alcohol, but insoluble in cold water, light petroleum, or benzene 
(Found: N = 8-40. C,H,O,N requires N = 8-38 per cent.). The 
hydrochloride is not very soluble in water, and is hydrolysed in the 
hot solution. The acetyl derivative is a colourless, crystallin 
compound which melts at 217°. As it is readily hydrolysed by dilute 
sulphuric acid (1:1) on the water-bath, the conversion of the basé 
into the acetyl derivative may be used as a means of purification. 

4-Carbamido-m-methoxybenzoic Acid.—0-5 Gram of the amino 
acid was added to a solution containing 0-25 gram of potassi 
cyanate. After warming, the carbamido-compound was pr 
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cipitated in the cold by hydrochloric acid. It was filtered and 
recrystallised from hot alcohol or acetic acid and melted at 228° 
(Found: N = 13-38. C,H, 0,N, requires N = 13-34 per cent.). 

4.Carbethoxyamino-m-methoxybenzoic Acid.—This compound was 
prepared in the manner already described. It melts at 201—203° 
and is soluble in hot alcohol, from which it may be recrystallised 
(Found: N= 6-00. C,,H,,0;N requires N = 5-85 per cent.). 

2-Amino-m-methoxybenzoic acid was prepared by the same 
method as that already described. It is less soluble in alcohol 
or water than the 4-amino-acid, but is readily crystallised from 
acetic acid, forming slightly brown leaflets which melt at 170—171° 
(Found: N = 8-39. C,H,O,N requires N = 8-38 per cent.). The 
hydrochloride is hydrolysed by cold water. The acetyl derivative 
crystallises in colourless needles, m. p. 208°. 

2-Carbamido-m-methoxybenzoic acid was prepared in the manner 
already described and crystallises in leaflets, m. p. 160° (Found : 
N= 13-46. C,H,,0,N, requires N = 13-34 per cent.). It is 
wluble in hot water or alcohol, and insoluble in cold water, ether, 
or benzene. On boiling with hydrochloric acid, a white precipitate 
is formed which, after being washed with cold water and twice 
crystallised from hot water, melts at 258—259° and is the hydantoin 
of the formula : 


a ‘\cO-NH 
\ /NE-CO 
OMe 


(Found: N = 14-65. C,H,O,N, requires N = 14-58 per cent.). 
Itis insoluble in ether or benzene and is very soluble in hot alcohol. 

2.Carbethoxyamino-m-methoxybenzoic acid was prepared by the 
method already described. It melts at 152—154° and crystallises 
inwhite leaflets (Found : N = 5-96. C,,H,,0;N, requires N =5-85 
per cent.). It may be purified by dissolving in alcohol and pre- 
tipitating with water. It is very soluble in alcohol and is insoluble 
inether, benzene, or light petroleum. 

Methoxy-y-hydroxyquinaldine-8-carboxylic Acid.—On boiling the 
damino-acid with an excess of acetoacetic ester for two to three 
hours, a yellow, crystalline compound separates, when, in order 
to avoid the formation of resinous by-products, the reaction is 
stopped. The mixture is filtered and washed with water. The 
substance melts at 270°. 

6-Amino-m-hydroxybenzoic Acid.—When m-hydroxybenzoic acid 
vas nitrated, a mixture of nitro-compounds was obtained which 
‘ould not be separated; but on reduction a pure amino-compound, 
ll. p. 233—234°, was isolated. 
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6-Carbamido-m-hydroxybenzoic acid was prepared by the metho 
already described. It crystallises from acetic acid in small prisns 
and melts and decomposes at 166—167° (Found: N = 141) 
C,H,O,N, requires N = 14-29 per cent.). It is slightly solubk 
in hot alcohol or hot water, but is insoluble in ether or benzene 
On boiling with hydrochloric acid, it is converted into the hydan. 
toin, which does not melt but sublimes above 360° (Found: N= 
15-80. C,H,O,N, requires N = 15-73 per cent.). It has the formuh 


OH/. \CO-NH 
\ UNE: CO" 


We gratefully acknowledge the interest which Dr. J. B. Oesch 
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CLXVI.—A Comparison of some Isomeric isoCyanines, 


By Frances Mary Hamer. 


In this paper, the preparation of certain isomeric isocyanines is 
described. The work was undertaken with the object of com- 
paring the photographic sensitising action of a series of isomerides, 
in order to determine the effect produced by a given substituent 
when introduced into various positions in the molecule. The 
absorption spectra of the sixteen isocyanines were also photo- 
graphed, for comparison with the spectrographs illustrating the 
sensitisation. That a connexion exists between sensitising and 
absorption bands has long been known; in the isocyanine group 
the subject was studied by Sheppard in the case of four dyes 
(B. J. Ph., 1908, 55, 679) and it seemed desirable to investigate 
how far the relationship is a general one. 

In the following formula (Mills and Wishart, T., 1920, 117, 579) 
the numerals indicate the system of nomenclature : 
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This substance, 1 : 1’-dimethylisocyanine iodide, is obtained by the 
action of alcoholic sodium hydroxide on a solution of quinoline 
methiodide and quinaldine methiodide; it was desired to prepare 
a series of its derivatives in which the same substituent should 
occupy the 5, 6, 7, 8, 5’, 6’, 7’, and 8’ positions respectively, which 
object should be attainable through the condensation of quinoline 
methiodide with each of the suitably substituted quinaldine meth- 
iodides and of quinaldine methiodide with each of the appropriate 
quinoline methiodides. On account of the readiness with which 
it can be introduced into various positions in the quinoline and 
quinaldine nuclei,. the nitro-group was at first selected. Here an 
unforeseen difficulty arose, since in the three different preparations 
that were attempted isocyanine formation did not occur, presum- 
ably owing to the presence of the nitro-group, although this is 
contrary to an observation of Decker and Remfry (Ber., 1905, 38, 
2773). By reduction of the nitro-quinolines and -quinaldines, 
followed by acetylation, the corresponding acetylamino-derivatives 
resulted, and the methiodides of these bases were utilised for 
making the acetylamino-1: 1’-dimethylisocyanine iodides. By 
hydrolysis of these dyes, isocyanines containing an amino-group 
were prepared, although they could not be obtained directly by 
condensation of two methiodides. In the third series, isomerism 
is due to the varying positions of the cinnamoylamino-group, which 
was chosen because of the possibility that its unsaturated character 
would influence the sensitisation. 

The acetylamino-, amino-, and cinnamoylamino-groups were 
actually introduced into the 5, 6, 7, 6’, and 7’ positions in the 
isocyanine molecule, but it appeared that a 5-substituted quinoline 
methiodide cannot give rise to a compound of this type. Thus 
neither 5-acetylaminoquinoline methiodide nor 5-cinnamoylamino- 
quinoline methiodide reacts with quinaldine methiodide to form 
an isocyanine. ‘This fact is of interest as confirming the formula 
of Mills and Wishart (loc. cit.), in which the quinoline residue is 
linked through the 4’ position to the quinaldine nucleus, since 
with a linking of this kind the production of a 5’-substituted iso- 
cyanine would be opposed by steric hindrance. A low yield of 
dye was obtained in two instances from quinaldine methiodide and 
a 7-substituted quinoline methiodide, although it is not apparent 
why a substituent thus situated should inhibit the condensation. 
Steric hindrance comes into play in preventing the formation of 
the methiodides of 8-acetylaminoquinoline and of 8-acetylamino- 
quinaldine, and no isocyanines were prepared containing a sub- 
stituent in the 8 or 8’ positions. 

The photographs of the sensitising bands show that, when a 
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cinnamoylamino-group is introduced into the molecule of 1: |’. 
dimethylisocyanine iodide, it exerts a considerable depressant effect, 
except in the instance where it occupies the 6 position, for 6-cinn. 
amoylamino-1 : 1’-dimethylisocyanine iodide is a powerful sensitiser 
and the band in the red is particularly intense. With the spectro. 
graphs of the other members of the series both crests are approxim. 
ately equal in height and the sensitising action is very low, falling 
to a minimum in the case of 5-cinnamoylamino-|! : 1’-dimethyl. 
isocyanine iodide. In the acetylamino-series the 6’-derivative is 
distinctly the best sensitiser and is not inferior to the parent 
substance in this respect; the substituent does, however, reveal 
a tendency to depress the sensitisation and this effect is most 
potent in the case of 5-acetylamino-1 : 1’-dimethylisocyanine iodide. 
The amino-group, on the contrary, invariably enhances the sensitis. 
ing action, and the amino-1: 1’-dimethylisocyanine iodides are 
very powerful sensitisers, the spectrographs of which are all similar 
and show a uniform band. From the three series it is evident 
that the magnitude of the influence on the sensitising action exerted 
by a given substituent varies largely according to the situation of 
this group. It may be noted that, when it is the hydrogen in the 
5 position that has been replaced, the extension of the sensitising 
band into the red is ata minimum. Apart from this, no conclusions 
of a general character can be drawn as to the effect of introducing 
a given substituent into a particular position in the molecule. 

The sensitising and absorption spectra correspond in possessing 
two bands, of which the one nearer the red appears to afford a 
better basis of comparison than does that in the more refrangible 
region, first, because its variations in position are of greater magni- 
tude, and secondly, because with some of the absorption photo- 
graphs this band is distinctly larger and more clearly defined than 
is the other, and is presumably of greater importance. By plotting 
the positions of these maxima in the acetylamino-, cinnamoyl- 
amino-, and amino-series for both sensitisation and absorption, 
certain relationships were brought out. 

1 : 1’-Dimethylisocyanine iodide was compared with its derivatives 
with regard to the position of the «-band in the absorption spectro- 
graphs, whilst a similar comparison was made with the photographs 
showing the sensitisation. From this it appears that in two 
instances this band in the parent substance is nearer to the red 
than is that in the derivative of higher molecular weight, and in 
five cases they coincide, whilst the remaining twenty-two conform 
to Nietzki’s rule, that an increase in molecular weight causes 4 
shift of the bands towards the red. 

With each of these isocyanines the «-sensitising maximum 8 
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situated 200—350 tenth metres nearer the red end of the spectrum 
than is the corresponding absorption band. In the sensitising 
curves of the three series studied it is found that, without exception, 
this crest in the cases of the 6, 7, and 6’-substituted isocyanines lies 
nearer to the red than does that in the equivalent 5- and 7’-sub- 
stituted dyes. There is correlation between the sensitising and 
absorption spectra in that an identical relationship holds in the 


latter case. 
EXPERIMENTAL 


6-Nitroquinaldine—This compound has been prepared by con- 
densation of 3-nitro-6-aminobenzaldehyde with acetone (Cohn and 
Springer, Monatsh., 1903, 24, 87) and is described as melting at 
173—174°. In the present work it was obtained by the reaction 
of p-nitroaniline, an equal weight of hydrochloric acid, and 25 per 
cent. excess of the theoretical quantity of paraldehyde. The 
mixture was heated on a water-bath for half an hour, poured into 
twice its volume of water, and filtered to remove tar. The 6-nitro- 
quinaldine was precipitated by addition of sodium acetate, and 
was purified through its nitrate. On recrystallisation, the melting 
point became constant at 164°. 

6-Nitroquinaldine Methiodide——The methiodide could not be 
prepared by heating 6-nitroquinaldine with methyl iodide, but 
was obtained by employing methyl sulphate. It forms green 
crystals, which are readily soluble both in alcohol and water, and 
melts with decomposition at 214° (Found: I = 38-50. C,,H,,0,N,I 
requires [ — 38-46 per cent.). 

6-Nitroquinoline Methiodide—The large orange crystals of this 
salt are very soluble in water and less so in alcohol. Decom- 
position begins at about 230°, followed by melting at about 245° 
(Found: I = 40-27. C,gH,O,N,I requires I = 40-17 per cent.). 


Amino-quinolines and -quinaldines. 


5-Aminoquinaldine.—Crystals of 5-aminoquinaldine are said to 
lose water at 100°, leaving the anhydrous base which melts at 
104—105° (Doebner and v. Miller, Ber., 1884, 17, 1698). It was, 
however, found that the brown anhydrous substance, which was 
obtained by drying the yellow crystals at 105° and in a vacuum 
desiccator, melted at 117—118°. 

6-Aminoquinaldine.—This compound was prepared by reduction 
of 6-nitroquinaldine with stannous chloride and hydrochloric acid, 
treatment with sodium hydroxide, filtration, and extraction of the 
solid with hot alcohol. It is moderately soluble in hot water, but 
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almost insoluble in cold, from which it comes down as small pale 
brown crystals; it is very soluble in chloroform and rectified spirit 
and can be recrystallised from dilute alcohol. The melting point 
is 187-5° (Found: N = 17-56. Cy, gH, N, requires N = 17-72 per 
cent.). 

7-Aminoquinoline—It has been stated by Claus and Massay 
(J. pr. Chem., 1893, [ii], 48, 170) that 7-aminoquinoline melts at 
188°, but this was not found to be the case. As prepared by 
reduction of 7-nitroquinoline, the amino-compound was obtained 
as a yellow solid melting at 73-5° and containing water of crystallis. 
ation, whilst the anhydrous base melted sharply at 93-5—94° 
(Found: N = 18-92. C,H,N, requires N = 19-44 per cent.). 

It is noteworthy that solutions of 7-aminoquinoline and 7-amino. 
quinaldine, and their salts, exhibit powerful fluorescence, and that 
with both the 6-derivatives the effect is considerably smaller, 
whilst in the case of the 5- and 8-aminoquinolines and of the 5- 
and 8-aminoquinaldines no fluorescence is shown. 


Cinnamoylamino-quinolines and -quinaldines and their Methiodides. 


To prepare a cinnamoylamino-quinoline or -quinaldine the corre- 
sponding amino-compound was dissolved in chloroform, and while 


being kept cool was treated with the theoretical amount of cinn- 
amoyl chloride, also in chloroform solution, when heat was evolved 
and generally a red or yellow substance crystallised. The mixture 
was shaken with the calculated quantity of N-sodium hydroxide 
until almost colourless, and the cinnamoylamino-derivative was 
filtered off and recrystallised from rectified spirit, when the yield 
of pure product was about 72 per cent. of the theoretical. 7-Cinn- 
amoylaminoquinoline differs from the other cinnamoylamino- 
compounds in being readily soluble in chloroform, and in this 
instance the yield was low owing to difficulties in effecting the 
purification. All the bases are moderately soluble in spirit and 
insoluble in water; they are pale yellow. 

The methiodides were all prepared in the same way, namely, 
by heating the cinnamoylamino-quinoline or -quinaldine and 
10 per cent. excess of methyl iodide, sometimes with the addition 
of chloroform, in a sealed tube at 100° for twenty-four to forty- 
eight hours. The resulting salts were recrystallised from alcohol 
or water, and the yield of pure product was usually 80—90 per 
cent. of the theoretical quantity. On heating the methiodides, 
decomposition occurred both before and after melting, and the 
melting points recorded are not definite, but depend on the rate 
of rise of temperature. 
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5-Cinnamoylaminoquinaldine crystallises as beautiful, highly 
refractive, pale yellow prisms, and melts at 257° (Found : N = 9-71. 
(gH, gON. requires N = 9-72 per cent.). 

5-Cinnamoylaminoquinaldine Methiodide——In the preparation of 
this salt the yield was only 51 per cent. and the rest of the base 
was recovered unchanged. The methiodide is easily soluble both 
in alcohol and in water and forms minute yellow crystals, which 
turn orange on becoming anhydrous. The melting point is 228— 
934° (Found: I = 29-28. C,)H,,ON,I requires I = 29-51 per 
cent.). 

6-Cinnamoylaminoquinaldine forms almost colourless crystals 
melting at 256-5° (Found: N = 9-51. C,H,,ON, requires N = 
9-72 per cent.). 

6-Cinnamoylaminoquinaldine methiodide crystallises in fine yellow 
needles, which on heating begin to decompose at 247° and melt 
at about 269° (Found : I = 29-50. OC, 9H,,ON,I requires I = 29-51 
per cent.). 

7-Cinnamoylaminoquinaldine formed yellow crystals which melted 
at 128-5—129-5°; after a second recrystallisation the substance 
became sticky at 128°, but did not melt until 223°, although it 
melted if left in the steam-oven for some time. A nitrogen estim- 
ation was made on the base which had been recrystallised once 
and melted at 128-5—129-5° (Found: N = 9-35. C, .H,,ON,. 
requires N = 9-72 per cent.). 

7-Cinnamoylaminoquinaldine Methiodide.—In this preparation it 
is important to avoid a large excess of methyl iodide. The meth- 
iodide is yellow and is moderately soluble in dilute alcohol. Decom- 
position starts at 260° and the melting point is about 280° (Found : 
I= 29-02. C. 9H, ,ON,I requires I = 29-51 per cent.). 

5-Cinnamoylaminoquinoline forms small, yellow crystals of melt- 
ing point 259° (Found: N = 10-10. C,,H,,ON, requires N = 10-22 
per cent.). 

5-Cinnamoylaminoqguinoline methiodide is a yellow substance 
readily soluble in hot water. It melts at about 238° (Found: 
I= 30-49. ©, ,H,,ON,I requires I = 30-50 per cent.). 

6-Cinnamoylaminoquinoline forms white crystals which are very 
soluble in alcohol. When the substance was very slowly heated, 
it became sticky at 170°, yellower and more sticky at about 184°, 
and melted sharply at 199°; if, however, the temperature was 
raised somewhat more rapidly, the compound melted at 184° to a 
pale yellow fluid, which, when gradually heated, crystallised again, 
and the yellow crystals produced melted at 199°, giving a darker 
liquid. It may be that the melting points 184° and 199° correspond 
with isomeric cis- and trans-forms of the base, and it would seem 
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that above 184° the form of lower m. p. undergoes conversion into 
that of higher m. p.; similar anomalies with regard to melting 
point were observed in the case of 7-cinnamoylaminoquinaldine 
(Found: N = 10-23. C,,H,,ON, requires N = 10-22 per cent.), 

6-Cinnamoylaminoquinoline methiodide gives yellow crystak 
which become orange in the steam-oven. At 110°, the yellow 
substance began to turn orange, and at 150° was as deep in colour 
as the other crystals, but on raising the temperature to 170° both 
specimens became yellow. At 249° decomposition commenced 
and the salt melted at about 274° (Found : I = 30-53. Cj, H,,ON,] 
requires I = 30-50 per cent.). 

7-Cinnamoylaminoquinoline is white when -pure and melts at 
202° (Found: N= 10-15. C,,H,,ON, requires N = 10-22 per cent,), 

7-Cinnamoylaminoquinoline methiodide crystallises as yellow 
needles which melt at 280° with much decomposition (Found: 
I = 30-72. C,gH,,ON,I requires I = 30-50 per cent.). 


Acetylamino-quinolines and -quinaldines and their Methiodides. 


The amino-quinoline or -quinaldine was added to twice the 
calculated quantity of acetic anhydride and the mixture was 
heated in a water-bath for fifteen minutes, after which the product 
was cooled, diluted with water, and treated with excess of ammonia 
to precipitate the required acetylamino-derivative. On recrystal- 
lisation from water or alcohol, all these compounds formed white 
crystals, which became anhydrous on drying in the steam-oven. 

Methiodides were prepared by the action of methyl iodide on 
the acetylamino-derivatives and, except in the instance of 7-acetyl- 
aminoquinaldine methiodide, the yield of pure product was 80—9) 
per cent. of the theoretical. With 8-acetylaminoquinoline and 
8-acetylaminoquinaldine, steric hindrance came into play, so that 
their methiodides could not be obtained either by the action of 
methyl iodide on the base or by employing methyl sulphate. 

5-Acetylaminoquinaldine has m. p. 204-5° (Found: N = 13-91. 
C,.H,,ON, requires N = 14-01 per cent.). 

5-Acetylaminoquinaldine Methiodide——The orange crystals are 
very soluble in water and moderately so in aleohol. Decomposition 
begins at about 244° and the melting point is 250—260° (Found: 
I = 37-05. C,,H,;ON,I requires I = 37-11 per cent.). 

6-Acetylaminoquinaldine has m. p. 168-5° (Found: N = 14-13. 
C,.H,,ON, requires N = 14-01 per cent.). 

6-Acetylaminoquinaldine methiodide forms pale yellow crystals 
which begin to decompose at about 254° (Found: IT = 37-31. 
C,,H,,ON,I requires I = 37-11 per cent.). 
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7-Acetylaminoquinaldine has m. p. 194° (Found: N = 13-93. 
(gH, ,ON, requires N = 14-01 per cent.). 

7-Acetylaminoquinaldine methiodide is very soluble in alcohol or 
hot water, and slightly soluble in cold water; the colour of the 
aystals is orange or yellow. Decomposition starts at 240° and 
the melting point is about 267° (Found: I = 36-99. C,,;H,,ON,I 
requires I = 37-11 per cent.). 

5-Acetylaminoquinoline methiodide is a bright yellow substance 
which is very soluble in water. When heated, it darkens at 255° 
and melts at 260—264° (Found: I = 38-64. C,,H,,ON,I requires 
| = 38-69 per cent.). 

6-Acetylaminoquinoline methiodide separates from hot water as 
beautiful yellow crystals. Darkening begins at 270° and the 
melting point is 317° (Found: I = 38-50. C,,.H,,ON,I requires 
1 = 38-69 per cent.). 

7-Acetylaminoquinoline has m. p. 167:5° (Found: N = 15-02. 
(,,;HjpON, requires N = 15-06 per cent.). 

7-Acetylaminoquinoline methiodide crystallises in yellow prisms, 
which darken at 267°, are black at 300°, and melt at 295—310° 
(Found: I = 38-79. C,,H,,ON,I requires 1 = 38-69 per cent.). 


1 : 1’-Dimethylisocyanine Iodide. 


5-78 Grams of quinoline methiodide (2 mols.) and 2-85 grams of 
quinaldine methiodide (1 mol.) were dissolved in 100 c.c. of boiling 
rectified spirit, into which was poured a hot solution of 0-27 gram 
of sodium (1-2 mols.) in 30 c.c. of alcohol. After gentle boiling 
for fifteen minutes, the mixture was treated with 1 c.c. of acetic 
acid and was left overnight before being filtered. 1 : 1’-Dimethy]- 
isocyanine iodide, after recrystallisation from methyl alcohol, 
was obtained as beautiful, lustrous green needles, which melted 
with decomposition at 268° (Found: I = 29-62. C,,H,,N,I 
requires | — 29-81 per cent.). 

The substance is a powerful sensitiser. Jor moderate exposures 
the sensitisation extends to 6500, and there are two maxima at 
5850 and 5350. The crests of the absorption bands lie at 5550 
and 5200. 


Attempts to Prepare Nitro-1 : 1'-dimethylisocyanine Iodides. 


The presence of a nitro-group in the quinoline or quinaldine 
nucleus appears to prevent isocyanine formation. Thus 6-nitro- 
quinoline methiodide does not condense with quinaldine methiodide 
to yield a compound of this type, neither does quinoline methiodide 
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give an isocyanine with 5-nitroquinaldine methiodide or 6-nitro. 
quinaldine methiodide. 


The Cinnamoylamino-1 : 1'-dimethylisocyanine Iodides. 


By condensation of each cinnamoylaminoquinoline methiodide 
with quinaldine methiodice, and of the cinnamoylaminoquinaldine 
methiodides with quinoline methiodide, the preparation of six 
tsocyanines was attempted. The quantities taken and the method 
of preparation were analogous with what has been described in 
the case of the parent substance. When one of the mixed meth. 
iodides was insufficiently soluble in rectified spirit, this solvent 
was diluted with water. 

5-Cinnamoylamino-1 : 1'-dimethylisocyanine lIodide—The dye 
forms minute, purple crystals, which on being crushed show a 
green, metallic lustre. Decomposition proceeds rapidly from 185° 
and melting occurs at about 200—230°. 

This substance is the feeblest sensitiser which was prepared. 
For moderate exposures the sensitisation extends to 6100, and 
there is a crest at 5850 and another weaker one at 5450. When 
a very long exposure is given, there is an extension to 6850 and 
another band appears, with its maximum at 6500. The absorption 
maxima lie at 5600 and 5250. 

6-Cinnamoylamino-1 : 1'-dimethylisocyanine Iodide—This  sub- 
stance forms compact, purple crystals with a golden lustre. On 
heating, decomposition is rapid from 270° and the melting point 
is at about 280—284°. For analysis, crystals were dried in a 
vacuum at 112° until the weight was constant and the iodine was 
estimated by the method of Carius (Found : I = 21-85. Cy9H,,ON,l 
requires I = 22-22 per cent.). 

The isocyanine gives very clean plates and is by far the most 
powerful sensitiser of the cinnamoylamino-group. The band 
reaches to 6500 and there is a maximum at 6000, which is more 
intense than that in the green at 5500. The absorption crests lie 
at 5750 and 5350. 

7-Cinnamoylamino-1 : 1'-dimethylisocyanine iodide forms minute 
purple crystals which exhibit a brassy lustre. The compound 
melts with decomposition at about 280°. An iodine estimation was 
made by Carius’s method (Found: I = 21-99. Cy gH,,ON;l 
requires [ = 22-22 per cent.). 

The substance is a weak sensitiser, although better than 5-cinn- 
amoylamino-1 : 1’-dimethylisocyanine iodide. For moderate ex- 
posures the sensitisation extends to 6200 and there are two bands 
with crests at 5950 and 5400 respectively. The absorption spectrum 
was not photographed. 
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Attempt to Prepare 5'-Cinnamoylamino-1 : 1'-dimethylisocyanine 
Iodide —Quinaldine methiodide and 5-cinnamoylaminoquinoline 
nethiodide react in the presence of alkali to give red compounds, 
but no tsocyanine is produced. 

6'-Cinnamoylamino-1 : 1'-dimethylisocyanine Iodide—This is a 
rddish-purple substance with a brassy iridescence. When heated, 
it begins to decompose at about 210° and melts at about 247°. 

The limit of sensitisation is at 6300 and the faint bands have 
their crests at 5950 and 5450. The maxima of the absorption 
curves lie at 5700 and 5300. 

1'-Cinnamoylamino-1 : 1'-dimethylisocyanine Iodide——The prepar- 
ation was carried out as in other instances, but the colour of the 
reaction mixture was red instead of purple, showing that little of 
the dye had been produced, and the yield of recrystallised product 
was exceptionally low. ‘The substance forms small crystals of a 
dull purple colour, and it is more soluble in methyl alcohol than 
are its isomerides. When put into a bath at 180°, decomposition 
begins, and melting occurs over a long range in the region of 200°. 
The compound is a poor sensitiser, like its isomerides, which contain 
the cinnamoylamino-group in the 7 and 6’ positions respectively. 
For moderate exposures the sensitisation extends to 6200 with a 
very faint continuation as far as 6500. ‘The crests are at 5900 
and 5400. The maxima of the absorption bands lie at 5600 and 
5200. 


The Acetylamino-1 : 1’-dimethylisocyanine Iodides. 


5-Acetylamino-1 : 1'-dimethylisocyanine Iodide——This dye forms 
mall, brown crystals with a metallic appearance, and it also 
crystallises as larger, very beautiful needles with a green or steel 
blue iridescence. When the latter are heated, decomposition 
begins at about 195°, whilst melting occurs gradually and is com- 
plete at temperatures which vary between 240° and 260°, according 
to the rate of heating. 

With the pure isocyanine which had been recrystallised four 
times, fogging of the photographic plate occurred; this sensitiser 
is the poorest of the acetylamino-series and is considerably inferior 
to the parent substance. The spectrograph shows two maxima 
at 5850 and 5400. The crests of the absorption bands lie at 5600 
and 5250. 

6-Acetylamino-1 : 1'-dimethylisocyanine Jodide—The substance 
forms little green crystals, and also larger, less soluble, green and 
gold prisms which are very beautiful. Compact bronze crystals 
were also produced, but these different varieties all produce the 
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same spectrograph. Melting occurs at 268° with decomposition 
(Found: I = 26-00. C,,H,,ON,I requires I = 26-27 per cent.), 

The spectrograph is similar to that of the isomeric compound 
derived from quinoline methiodide and 5-acetylaminoquinaldine 
methiodide, but the plate is not fogged and the sensitisation js 
stronger. There are two maxima at 5950 and 5300 and the band 
reaches 6650, whilst in the absorption spectrum the maxima occur 
at 5700 and 5300. 

7-Acetylamino-1 : 1'-dimethylisocyanine Iodide.—Minute purple 
crystals with a brilliant green lustre, and also green crystals, were 
obtained. When the former are put into a bath at 260° and the 
temperature is raised, melting with decomposition takes place 
between 280° and 290°. For analysis, the isocyanine was dried 
in a vacuum desiccator (Found: I = 25-97. C,,H,,ON I requires 
I = 26-27 per cent.). 

The dye is a good sensitiser, showing a fairly uniform band, 
which extends to 6650. There is a maximum at 5900 and the 
second curve is broad with its crest at 5350. The two points of 
greatest absorption lie at 5650 and 5300. 

Attempt to Prepare  5'-Acetylamino-1 : 1'-dimethylisocyanine 
Iodide.—When an alcoholic solution of quinaldine methiodide and 
5-acetylaminoquinoline methiodide was acted on with alkali, the 
colour of the liquid was red instead of purple and the product 
clearly contained very little isocyanine; by fractional crystallisation 
from methyl alcohol it was sometimes possible to isolate a minute 
amount of such a substance. For the sake of comparison, | : 1’ : 2’- 
trimethylisocyanine iodide was prepared from quinaldine meth- 
iodide: (a) in appearance the two dyes were indistinguishable; 
(6) on heating three specimens simultaneously, it was observed 
that 1:1’: 2’-trimethylisocyanine iodide melted at 282—285°, 
and the other isocyanine at 275—280°, whilst the mixed melting 
point was 282—285°; (c) the spectrographs were identical as 
regards the position of the sensitising maxima and the extent of 
the band, but with the compound prepared from quinaldine meth- 
iodide alone the sensitisation was stronger than in the other instance. 
It was therefore concluded that the substances are identical, and 
the recognised impurity in the case of that isocyanine in the pre 
paration of which two methiodides were employed seems sufficient 
to account for the slight variation in the spectrographs and 
in melting point. Thus 5-acetylaminoquinoline methiodide and 
quinaldine methiodide do not undergo the isocyanine condensation. 

6’-Acetylamino-1 : 1’-dimethylisocyanine [odide.—The smaller crys- 
tals of this substance have a purplish-brown colour, but it also 
forms large, compact crystals with a green, metallic reflex. Melting 
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gecurs at about 310° with decomposition. For analysis, the iso- 
cyanine was dried in a vacuum desiccator until of constant weight 
Found: I = 26-36. C,3H,,ON,I requires I = 26-27 per cent.). 

The sensitising maxima are at 6000 and 5400; the more powerful 
snsitisation ceases at 6500, but there is a faint extension to 6900. 
The most powerful absorption occurs at 5650 and 5300. 

1'-Acetylamino-1 : 1’-dimethylisocyanine Iodide—The yield of 
this isocyanine was remarkably low. The crystals are coloured 
dlive-green with a greenish-yellow lustre and melt with decomposition 
at about 250—260°. For analysis, the dye was dried at 100° 
(Found: I = 25-98. C,,H,,ON,I requires I = 26-27 per cent.). 

The sensitising band is almost uniform and for moderate exposures 
extends to 6600. The crests are at 5850 and 5300, whilst those 
of the absorption spectra lie at 5550 and 5250. 


The Amino-1 : 1’-dimethylisocyanine Iodides. 


It was found that an isocyanine containing an amino-group 
could not be produced directly by the condensation of two meth- 
iodides, but was obtainable by hydrolysis of the corresponding 
acetylamino-derivative. This was effected by boiling 0-5 gram 
of the latter with 7 c.c. of concentrated hydrochloric acid for half 
an hour. The red liquid was cooled and diluted with water and 
on neutralising it with ammonia the aminoisocyanine was pre- 
cipitated ; it was filtered off and recrystallised from methyl alcohol. 

These amino-compounds differ from the acetylaminoisocyanines 
in having a considerably greater solubility in methyl alcohol, and 
by their more strongly marked metallic lustre. They are without 
exception very powerful sensitisers, showing that the introduction 
of an amino-group into the molecule of the parent substance 
enhances the sensitising action. 

5-Amino-1 : 1’-dimethylisocyanine Iodide-—The small purple crys- 
tals show a green lustre, and melt at 250—255° with decomposition. 
An almost uniform sensitising band extends from the blue to the 
orange, with a limit for moderate exposures at 6600; there are two 
maxima at 5850 and 5350. This member of the series exhibits 
the most intense sensitising action, but with the other four the 
band extends somewhat further into the red. The crests of the 
absorption curves lie at 5550 and 5200. 

6-Amino-1 : 1’-dimethylisocyanine Iodide—The dye forms com- 
pact, dark green crystals and also others of a bright green colour 
with a golden iridescence. The former begin to decompose at 
250° and melt at about 260°, whilst the latter melt at about 266— 
271°. An iodine estimation was made on a specimen which had 
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been dried in a vacuum desiccator (Found: I = 28-81. C,,HyN,I 
requires [ = 28-77 per cent.). 

The sensitisation resembles that of the isomeric substance where 
the amino-group occupies the 5 position, but it is less intense; it 
extends rather further into the red, reaching 6700. There are 
maxima at 6050 and 5400, and the latter band is broader than 
in the case of the corresponding 5-derivative. The maximum 
absorption occurs at 5750 and 5350. 

7-Amino-1 : 1’-dimethylisocyanine Iodide—Small green crystals, 
and also prisms with a copper-like appearance, are formed. When 
the latter are heated, decomposition begins at 225° and the melting 
point is about 250°. 

The limit of sensitisation is reached at 6700 and the crests are 
at 6050 and 5500. The absorption maxima lie at 5700 and 5350 
respectively. 

6’-Amino-1 : 1’-dimethylisocyanine Iodide.—This isocyanine forms 
small, green, brilliantly iridescent prisms, m. p. 266—271° after 
much decomposition. Before analysis the dye was dried in a 
vacuum desiccator (Found: I = 28-52. C,,H, N,I requires I = 
28-77 per cent.). 

The band of extra sensitiveness extends to 6700, with maxima 
at 6000 and 5500. The crests of the absorption curves are at 
5700 and 5350. 

7’-Amino-1 : 1’-dimethylisocyanine Iodide-—The substance was 
obtained as a purple precipitate, which on boiling with insufficient 
methyl alcohol for complete solution changed to green and gold 
pleochroic crystals. Decomposition becomes apparent at 250° and 
the melting point is fairly constant at 259—260°. 

The uniform sensitising band reaches 6600 and the crests occur 
at 5800 and 5300. The absorption maxima are at 5450 and 5100. 


This subject of study was suggested by Dr. W. H. Mills, to whom 
I am very grateful for his constant help. My thanks are also due 
to Mr. F. J. Stoakley, who gave invaluable assistance with the 
photography. I am moreover indebted to the Department of 
Scientific and Industrial Research for a grant which enabled the 
work to be carried out. 


University CHEMICAL LABORATORY, 
CAMBRIDGE. [Received, July 19th, 1921.] 


the ac 
azide 
aleoh 


jaxima 
are at 


e was 
fficient 
d gold 
0° and 


_ occur 
100. 


whom 
so due 
th the 
ont of 
od the 


PREPARATION OF &-ACYLPHENYLHYDRAZINES. 1445 


(LXVII—A New Method for the Preparation of 
a-Acylphenylhydrazines. 


By WALLACE FRANK SHORT. 


Ix the study of another problem it became necessary to prepare 
certain «-acylphenylhydrazines in quantity. Although up to the 
present time these substances have been obtained by three methods, 
none of them can be considered as really satisfactory for their 
preparation, since all are wasteful and troublesome in application, 
and use as starting materials substances difficult to prepare and 
not on the market. These methods may be briefly reviewed in 
chronological order as follows : 

(1) Michaelis and Schmidt (Ber., 1887, 20, 43, 1713; Annalen, 
1889, 225, 300) prepared the «-acyl derivatives of phenylhydrazine 
by treating its sodio-derivative, suspended in benzene, with acid 
chlorides or anhydrides. In the preparation of the sodio-derivative, 
the yield is poor owing to the reduction of a considerable quantity 
of phenylhydrazine to aniline and ammonia; moreover, the subse- 
quent treatment with acid chloride or anhydride yields both the 
acyl and af-diacyl compounds in addition to the substance 
required. 

(2) In 1893, Widman (Nova. Acta Reg. Soc. Ups. III, 1893; 
Ber., 1894, 27, 2965) found the «8-diacylphenylhydrazines lose the 
acyl group when boiled with dilute sulphuric acid. The yield 
of a-acylhydrazine obtained amounts to but 10 per cent. of the 
diacyl compound employed. 

(3) Von Pechmann and Runge (Ber., 1894, 27, 1698) found that 
the acylarylformazyl] hydrides yield a mixture of hydrazine and hydr- 
azide on reduction with zinc dust and sulphuric acid in presence of 
alcohol. Thus, acetylphenylformazyl hydride, NAcPh:N:CH-N:NPh, 
yields s-formylphenylhydrazine, CHO-NH-NHPh, and «-acetyl- 
phenylhydrazine, NAcPh-NH,. 

These methods did not appear to be capable of modifications 
which would increase the yields to any great extent, and it was 
therefore decided to obtain a new source for these substances. 

At the outset the acylchloroanilides appeared to afford the 
most desirable starting materials owing to the ease with which 
they can be prepared (Chattaway and Orton, T., 1899, 75, 1046, 
tte.). Hofmann (Ber., 1882, 15, 407) showed that the aliphatic 
bromoamides react with ammonia with the production of the 
amide and the evolution of nitrogen, and it was found that the 
wylchloroaminobenzenes behave in exactly the same manner. In 
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fact, it was found possible to estimate N-chloroacetanilide in q 
mixture of this substance with acetanilide by passing dry ammonia 
into a benzene solution and measuring the amount of nitrogen 
evolved in accordance with the equation 


3NCIPh-CO-CH, + 5NH, = 3NHPh-CO-CH, + 3NH,CI + N,, 


Eventually it was found that by treating a cold benzene solution 
of the chloroanilides with a suspension of finely divided sodamide 
in the same solvent, excellent yields of the «-acylhydrazines could 
be obtained. It is essential for the success of the operation that 
the sodamide should be quite free from sodium hydroxide and 
that all the materials should be quite dry. By operating in liquid 
ammonia instead of benzene, the yields are increased, but not to 
an extent sufficiently great to compensate for the more elaborate 
manipulation involved. 

It has also been found that diacetylhydrazobenzene may be 
conveniently prepared by treating N-chloroacetanilide with the 
sodio-derivative of acetanilide in ether. 


EXPERIMENTAL. 


N-Chloroacetanilide and Ammonia. 


A current of dry ammonia was passed into a solution of 1-0256 
grams of N-chloroacetanilide in 50 c.c. of dry benzene. Ammonia 
was rapidly absorbed, considerable heat was evolved, and a white 
solid deposited. The gas evolved was collected in a nitrometer 
over hydrochloric acid (1:1) and subsequently measured over 
water. In this way a quantity of nitrogen equivalent to 45-03 c.. 
at N.T.P. was obtained. The equation 


3NCIPh:CO-CH, + 5NH, = 3NHPh-CO-CH, + 3NH,CI ++ N, 


requires that 1-0256 grams of acetochloroanilide should produce 
45-19 c.c. of dry nitrogen at N.T.P. 

a-Acetylphenylhydrazine.—This substance can be obtained in good 
yield by the action of sodamide on N-chloroacetanilide in benzene 
solution, provided that every precaution is taken to eliminate 
sodium hydroxide from the system. In the presence of sodium 
hydroxide, the reaction proceeds largely in the same direction 3 
that between ammonia and N-chloroacetanilide, nitrogen being 
evolved and acetanilide regenerated. 

Sodamide, prepared by the method described by Winter (J. Amer. 
Chem. Soc., 1904, 26, 273), was recrystallised from liquid ammonia 
to remove any sodium hydroxide which might be present. (Subse: 
quently, this treatment was found to be unnecessary provided great 
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care had been taken to exclude all sources of moisture during the 
preparation.) A benzene suspension of finely-divided sodamide 
containing 2-6 grams (1 mol.) was slowly added to a solution of 
12 grams (slightly more than 1 mol.) of N-chloroacetanilide in dry 
benzene, the reaction being carried out in an atmosphere of dry 
hydrogen, and the temperature maintained just above the freezing 
point of the mixture. The flocculent mass of sodamide was rapidly 
replaced by more compact crystals of sodium chloride. After 
standing for half an hour, the reaction mixture was warmed on 
the water-bath for ten minutes. After the sodium chloride had 
been removed, the cold solution deposited a mass of brown crystals. 
By recrystallising these from alcohol, white needles melting at 125° 
were obtained. Widman (Ber., 1894, 27, 2964) gives 124—125° as 
the melting point of «-acetylphenylhydrazine (Found: C = 63-85; 
H=690; N=18-8. Cale., C= 63:97; H=6-71; N = 18-70 
per cent.). 

The yield amounted to 80 per cent. calculated on the N-chloro- 
acetanilide. By carrying out the reaction in liquid ammonia, 
using a solution of sodamide, this was increased to 85 per cent. 

a-Acetyl-p-tolylhydrazine was readily obtained from JN-chloro- 
aceto-p-toluidide and sodamide in colourless plates (from benzene- 
light petroleum), m. p. 123° (Found: N = 16-98. Calc., N = 17-07 
per cent.). The N-chloroaceto-p-toluidide was prepared according 
to the directions of Chattaway and Orton (T., 1900, 77, 791) and 
the method of procedure was similar to that described in the case 
of a-acetylphenylhydrazine. About 80 per cent. of the toluidide 
was converted into the hydrazine. Pechmann and Runge, who 
prepared the same substance from phenylacetyl-p-tolylformazyl 
hydride (Ber., 1894, 27, 1698), give m. p. 122°. 

a-Benzoylphenylhydrazine, prepared from sodamide and N-chloro- 
benzanilide (Chattaway and Orton, T., 1899, 75, 1053) in the 
same way, crystallises from water in colourless needles melting at 
70°; this is identical with the value given by Michaelis and 
Schmidt (Ber., 1887, 20, 43, 1713). The reaction, however, is 
slightly more energetic and the yield is not quite so favourable, 
amounting to 60 per cent. 

Diacetylhydrazobenzene—For the preparation of this substance 
the sodio-derivative of acetanilide was first prepared by a slight 
modification of the method described by Hepp (Ber., 1877, 10, 
328), 

4-2 Grams (1 mol.) of acetanilide were dissolved in 100 c.c. of 
anhydrous ether, 0-7 gram (1 atom) of sodium was added, and the 
mixture gently boiled until the whole of the sodium had dissolved 
(twelve hours). A slow stream of dry hydrogen was passed through 
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the apparatus during this reaction. The suspension of sodioacet. 
anilide obtained was slowly added to 5-2 grams (1 mol.) of N-chloro. 
acetanilide in ether. A vigorous reaction set in and a dark req 
oil separated. After the ether had been removed, a current of 
steam was passed for a few minutes. On cooling, the residue 
solidified and was recrystallised from dilute alcohol, when faintly 
yellow, rhombic crystals were obtained melting at 105°. This is 
identical with the value given by Schmidt and Schultz (Annalen, 
1881, 207, 327) for the melting point of diacetylhydrazobenzene. 
The identity of the product with this substance was finally estab. 
lished by boiling a small quantity with concentrated hydrochloric 
acid for several hours, when the resulting solution yielded benzidine 
(m. p. 127° after recrystallisation from alcohol) on neutralisation 
with sodium hydroxide. The yield of diacetylhydrazobenzene 
amounted to 60 per cent. of the theoretical. 


In concluding, I desire to express my thanks to Professor Worley 
for the interest which he has taken in this work. 
Tue CHemicaL DEPARTMENT, 
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CLXVIII.—Some Additive Compounds derived from 
Arsines. 


By Grorce JoserH Burrows and Eustace EBENEZER TURNER. 


In a previous communication (T., 1920, 117, 1373), it was shown 
that tertiary arsines and halogeno-arsines combined to give 
additive compounds. Similarly, compounds of the type R,As,Ml, 
result when a tertiary arsine is treated with either phosphorus, 
arsenic, antimony, or bismuth iodide. When these additive 
compounds are treated with methyl iodide, their colour changes, 
owing to the partial formation of compounds of the type R,AsI,MI, 
These, however, were not investigated further, since the type has 
already been described (Cahours and Riche, Compt. rend., 18%, 
39, 541). 

Arsine itself, when treated with arsenic iodide, gives no sutl 
additive compound, arsenic being the solid product obtained. 
Although the arsenic analogue of nitrogen iodide would therefor 
appear to be non-existent, an intermediate type, AsI,,3NH,, 
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described by Bamberger and Philipp (Ber., 1881, 14, 2644). Stibine 
behaves similarly to arsine (Stock and Guttmann, Ber., 1904, 37, 
885). 

Stannic iodide also combines with tertiary arsines, giving com- 
pounds, however, in which two molecules of the arsine are united 
to one of stannic iodide. 


EXPERIMENTAL 


Compound PhMe,As,PI,—When phenyldimethylarsine (1 mol.) 
is added to a solution of phosphorus iodide (1 mol.) in carbon 
disulphide, heat is evolved, and orange prisms separate. These 
melt at about 140°, and are very difficult to purify, owing to the 
ease With which the compound absorbs water (Found: I = 57-4. 
(,H,,1,PAs requires I = 64-1 per cent.). The analysis, and the 
fact that the compound is formed quantitatively, are sufficient to 
establish the formula given, although on no occasion could an 
analytically pure substance be obtained. 

Compound PhMe,As,AsI,.—This compound separates on mixing 
boiling chloroform solutions of niolecular proportions of its com- 
ponents, and forms orange-red leaflets melting at 153° (Found : 
I= 59-4. C,H,,1,As, requires 1 = 59-7 percent.). The compound 
is very sparingly soluble in the usual solvents. 

Compound PhMe,As,SbI,.—Antimony iodide is dissolved in 
boiling benzene, and the solution treated with a molecular quantity 
of phenyldimethylarsine dissolved in the same solvent. Orange 
prisms separate, which melt at 165° and dissolve only to a slight 
extent in the usual solvents (Found: I = 56-2. C,H,,I,AsSb 
requires I — 55-8 per cent.). 

Compound PhMe,As,Bil,—When an alcoholic solution con- 
taining bismuth iodide and phenyldimethylarsine in molecular 
proportions is boiled for a few minutes, vermilion prisms separate, 
melting at 198—200° (Found: Bi = 26-6. C,H,,1,AsBi requires 
Bi= 27-0 per cent.). The compound is very sparingly soluble in 
the usual solvents. 

Compound 2PhMe,As,SnI,—When the appropriate quantities 
of stannic iodide and phenyldimethylarsine are brought together 
in carbon disulphide solution, chocolate-coloured leaflets separate, 
melting at 140—145° (indef.) (Found: C=196; H= 2-2; 
‘n= 12-0. C,,H,,I,As,Sn requires C = 19-4; H = 2:2; Sn = 12-0 
per cent.). 

Phenyltrimethylarsonium Cadmi-iodide, (PhMe,As),CdI,.—This 
compound separates quantitatively as a white, crystalline pre- 
tipitate (m. p. 194°) when cadmium iodide and phenyltrimethyl- 
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arsonium iodide are mixed in aqueous solution (Found: I = 504, 
C,,H,,1,As,Cd requires I = 50-1 per cent.). 

Phenyldimethylethylarsonium mercuri-iodide, PhMe,EtAs,Hgl,, is 
formed as pale yellow prisms, melting at 135°, when mercuric 
iodide and phenyldimethylethylarsonium iodide are brought 
together in aqueous acetone (Found: Hg = 25-2. Cy H,,¢I,AsHy 
requires Hg = 25-3 per cent.). 

Phenyldimethylethylarsonium plumbi-iodide, PhMe,EtAs,PbI, 
pale yellow prisms melting at 203°, is formed in aqueous acetone 
solution from lead iodide and the arsonium iodide (Found: 
Pb = 25°5. Cy oH, ¢Il,AsPb requires Pb = 25-9 per cent.). 


The Action of Arsenic lodide and of Lodoarsines on Tertiary Amines, 


This subject has been studied with a variety of different types. 
Tertiary amines combine with arsenic iodide and with iodoarsines 
to give yellow solids, which, however, are readily hydrolysed to 
give the hydriodide of the base in question. 


Tue UNIVERSITY CHEMICAL LABORATORIES, 
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CLXIX.—The Constitution of the Nitroprussides, 
Part II. The Alkylation of Nitroprussic Acid. 


By Grorce Joseru Burrows and Eustace EBENEZER TURNER. 


IN a previous communication (T., 1919, 115, 1429), it was shown 
that nitroprussides were derived from an acid of the molecular 
formula H,[Fe(CN);NO]. The series of conductivity measure- 
ments described in the same paper has now been completed by 4 
measurement of the conductivity of tetramethylammonium nitro- 
prusside. Measurements of the conductivity of nitroprussic acid 
itself have been made, and indicate that the acid is stronger than 
sulphuric acid. 

In addition, experiments have been carried out on the alkylation 
of nitroprussic acid, as a result of which diethyl nitroprusside has 
been isolated. 


ExPERIMENTAL. 
Tetramethylammonium Nitroprusside, (Me,N),[Fe(CN);NO]. 


This salt was prepared by treating the silver salt with the cal- 
culated quantity of tetramethylammonium iodide in aqueous 
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solution, the filtrate from silver iodide being evaporated under 
diminished pressure, and the residue crystallised from alcohol. 
The salt forms reddish-brown leaflets, which are very soluble in 
water (Found: Fe = 15-3. C;ON,Fe(NMe,), requires Fe = 15-4 
per cent.). 


Conductivity measurements. 


v. Me 
16 129°1 
32 147°8 
64 162-1 
128 176°5 
256 189°6 
512 198°1 
1024 205°5 

es) 210 


The comparison of these results with those previously obtained 
(loc. cit.) is of interest : 


Cation. Moe 
NH, 218-0 
MeNH, 185-2 
Me,NH, 172°1 
Me,NH 154°0 
Me,N 147°8 


Seeoefes 
sa-1-14 08 
Owcs=ito * 


Nitroprussic Acid, H,[Fe(CN);NO}]. 


This acid was prepared by treating an aqueous solution of the 
barium salt with the calculated quantity of sulphuric acid, and 
evaporating the filtrate from barium sulphate under diminished 
pressure. In this way, the acid was obtained as reddish-brown 
leaflets, very soluble in water, giving an unstable solution (Found : 
Fe= 26-2. C;H,ON,Fe requires Fe = 25-7 per cent.). 

The conductivities of various preparations were determined. 
The results were not entirely satisfactory, and only approximate 
figures could be quoted for the actual conductivity at particular 
dilutions. From each series of determinations, however, it was 
iound that, in N/20-solution, nitroprussic acid is dissociated to 
the extent of about 85 per cent., and is accordingly of the same 
order of strength as benzenesulphonic acid. 

Nitroprussic acid combines readily in aqueous solution with 
organic bases. Thus, the pyridine salt forms red needles (from alco- 
hol) [Found : Fe = 13-0; H,O = 12-6. C;ON ,Fe,(C;H;NH),,3H,O 
requires Fe = 13-0; H,O = 12-6 per cent.]. The benzidine salt is 
‘well-defined, sparingly soluble, scarlet solid. 

VOL, CXIX, 3D 
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The Alkylation of Nitroprussic Acid. 


Methyl iodide was heated in alcoholic solution, under refluy, 
with silver nitroprusside. A pronounced odour of isonitrile was 
developed, and the filtrate from silver iodide, on evaporation 
under diminished pressure, gave a red, hygroscopic, lachrymatory 
substance, which was almost certainly dimethyl nitroprusside, 
but it decomposed on drying, more particularly under the action 
of light. 

A similar experiment with ethyl iodide afforded well. 
defined, red prisms of diethyl nitroprusside (Found: Fe = 204. 
CyH,,ON,Fe requires Fe = 20°4 per cent.). The compound gives 
the usual reactions of a nitroprusside, and on the straightforward 
evidence would appear to have the formula Et,[Fe(CN);NO]. A 
molecular-weight determination in water (the only cryoscopic 
solvent dissolving the compound) gave M = 83, 89 (two deter. 
minations). The above empirical formula requires M = 274, and 
it is therefore evident that diethyl nitroprusside is hydrolysed in 
aqueous solution to give ethyl alcohol and nitroprussic acid. 

From the fact that isonitriles are invariably formed when alkyl 
iodides interact with complex cyanogen compounds, it seems 
probable that in many of these compounds, if not in all, some of 
the groups written as cyanogen are in reality isocyanogen groups. 
This would afford an explanation of certain cases of isomerism, 
as, for example, that of the methyl ferrocyanides and cobalti- 
eyanides (Hartley, T., 1914, 105, 521, etc.), since such isomerism 
may evidently be due to a difference in structure of the cyanogen 
radicles in the molecule, even if one adopts the simple co-ordination 


theory. 
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CLXX.—The Influence of Steric Factors on Inira- 
molecular Condensation. 


By James Kenner and Ernest WITHAM. 


One of the distinguishing features of the reactions which involve 
the mobility of substituents in the ortho-position to a nitro-group 
is the comparative freedom from the steric influences usually 
exerted by nitro-groups. So much is this the case that the effect 
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of introducing a second nitro- or other meta-directive group in the 
ortho-position is to increase, rather than to decrease, the reactivity 
of the mobile substituent. This is true, not merely of reactions 
which occur only at high temperatures, such as the formation of 
9:4:6:2’: 4’: 6’-hexanitrodiphenyl from picryl chloride and 
copper powder (Ullmann and Bielecki, Ber., 1901, 34, 2180), 
_NO, _NO, 
eno, SCcl —> NO » 
a WA 


9 
- 


‘Bbut also of reactions which are carried out under much less drastic 


conditions. It has been suggested by one of us (Kenner, T., 1914, 
105, 2723) that this point is adequately explained by the view 
that the actual displacement of the mobile substituent is consequent 
on an intramolecular condensation of the preliminary compound 


formed through the agency of the nitro-group with the reagent 


ybalti- 
1erism 
nogen 
nation 


employed : 

xX Z 
Y a a 4 
Yj NO, HZ —> Y¥ NO, HX. 

\Z a 
Some reactions are already on record, which suggest that steric 
influences do not retard intramolecular condensation to an extent 
comparable with their effect on intermolecular reactions. Thus, 
itis well known that phthalic acids of the type I form anhydrides 
and imides almost, if not quite, as readily as phthalic acid itself, 
ilthough the ordinary processes of esterification furnish acid 


».« ».« 
a \co,H ” ( CO,H 
CO,H CO,R * 
\ 700: _ 
(I.) 
Also, there seems to be no particular difficulty in applying the 
Skraup reaction to p-xylidine (Lellmann and Alt, Annalen, 1887, 
237, 307) : . 
Me 
eae, 


me FF 
CO, 
Me N 


But these are isolated examples insufficient to establish the general 

truth of the proposition under consideration. It was therefore 

keided to obtain further information on this point, and as a first 
3D 2 
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step in this direction to investigate a reaction in which the gene 


conditions employed are mild. Thus the condensation of eth 


«-0-cyanobenzylacetoacetate to ethyl 1-iminohydrindene-2-car), 
oxylate occurs very rapidly in alcoholic solution at 100° unde 
the influence of a small amount of sodium ethoxide (Thorpe ani 
Mitchell, T., 1910, 97, 2261) : 

an, OCH, 


HO 
Noo, Et 


or th 


3-Chloro-2-cyanobenzyl chloride was therefore prepared by the serif ' 


of reactions represented by the following scheme, 
Me Me Me 
ee | wea 
\ Jno, > | Jno, | 
iil “ow 
and condensed with ethyl acetoacetate under the conditions pr 


scribed by Thorpe and Mitchell for the direct passage from o0-cyano- 
benzyl chloride to the imino-compound : 


CN 
NH, 


CO,Et 


CH 
ee "Sor-co,e: | “\/H\ //OO-CHs 
. L 10K 
Cl 


KY “Non 


(IL) 
The reaction took place readily, and after a few minutes the odour 


of ethyl acetate was plainly perceptible, indicating that the presence ff 


of the chlorine atom in the ortho-position to the cyanogen group 
had no very considerable influence on the intramolecular con- 
densation in the second stage of the reaction. The yield of imino 


(IV) tor 
with th 


compound, whilst less than that obtained by Thorpe and Mitchell fy: 


in the simpler case, was satisfactory. The formation of some 
20 per cent. of ethyl aa«-bis-3-chloro-2-cyanobenzylacetoacetate (Ii) 
during the reaction may indicate some retarding influence of this 
kind, or be due to the effect of the chlorine atom in increasing the 
acidity of the preliminary monomolecular condensation product 
of the chloride with ethyl acetoacetate. The cyclic structure d 
ethyl 7-chloro-\-iminohydrindene-2-carboxylate was indicated by 18 


irom eit 
hormula 
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»nversion under the influence of dilute sulphuric acid into 7-chloro- 
-hydrindone under the conditions employed by Thorpe and Mitchell 
or the preparation of the unsubstituted ketone : 


ye 


Hg. 


Another example is therefore supplied of the relatively slight 
fect of steric hindrance on intramolecular condensation. In terms 
f the view regarding steric hindrance originally put forward by 
. BV. Meyer, it may be said that it is inherent in the nature of such 
‘FReactions, as distinguished from intermolecular condensation, that 
me of the ortho-substituents, instead of assisting to obstruct the 
mutual approach of the two condensing groups, actually tends to 
bring them within each other’s sphere of influence. Braun (Ber., 
1918, 54, 282) and Baudisch (idid., 1036; compare also Kaufmann, 
iid., 1907, 40, 3999) have suggested that steric hindrance is due 
‘foa more or less complete mutual saturation by ortho-substituents 
‘fof the partial valencies which effect the preliminary stages of a 
mdensation, and represent dimethyl-o-toluidine by the formula 


(Il) : 

(yu 

\7CHs 

(I11.) 

‘cording to this view, it would seem that intramolecular con- 
iensation should suffer some retardation from the ortho-substitucnt 
not directly concerned in the reaction, and it has been pointed out 
hat there is some indication of this in the experiments now recorded. 
Further work may assist in deciding this point. 

From the general evidence at present available, it may be said 
hat eases are known to which either one or both of the theories 
just referred to seem to be inapplicable. The reactivity of both 
limethylamino-groups in 4 : 4’-bisdimethylamino-3-methyldiphenyl 
"BLV) towards cyanogen bromide and iodoacetonitrile, as contrasted 
mith the non-reactivity of each in 4: 4’-bisdimethylamino-3 : 3’- 
litlyl (V) (Braun, Ber., 1917, 50, 1651) is difficult to understand 
tom either point of view, unless perhaps with the aid of the Kaufler 
/pemula for diphenyl : 

Me — XY ~ \nM. M a, * a IM a 
ee ee ie ie 
Me Me Me ; NO ’ 


(IV.) (V.) (VI.) 
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The difficulty of esterifying 3-nitroanthranilic acid (VI) (Jama 
Kenner, and Stubbings, T., 1920, 117, 776) is at once explicabk 
by the partial valency theory. This also satisfactorily accounk 
for the relatively low association of ortho- as compared with me. 
and para-compounds, although, in the present state of our knov. 
ledge, it is equally permissible to reverse the argument, and ty 
attribute the diminished association to steric hindrance, as indeed 
has already been done (Hewitt and Winmill, T., 1907, 91, 44), 
On the other hand, since VII seems a more probable representation 
than VIII, 
CO-NH, 
‘on 
wr 


(VIII.) 


it is difficult to understand how the theory of Braun and Baudisch 
can explain the efficacy of the Bouveault method of hydrolysing 
such amides by means of nitrous acid. This reaction, and the 
formation of esters by the action of alkyl iodides on silver salts 
or of methyl sulphate on sodium salts, all indicate that, in such 
cases, it is only the atom which is directly attached to the nuclew 
which suffers steric protection. The recent results of Buning 
(Rec. trav. chim., 1921, 40, 327) are also suggestive in this con- 
nexion, and it is possible that the esterification of sterically pro- 
tected groups by the use of alcohol and excess of concentrated 
sulphuric acid (Wegscheider, Ber., 1895, 28, 3128; H. Meyer, 
Monatsh., 1903, 24, 840; 1904, 25, 1201; Kenner and Mathews, 
T., 1914, 105, 2478) is due to reactions in which the hydroxylic 
portion of the carboxyl group is alone concerned : 


X-CO,H —> X:CO-0-S0O,H —> X-CO-OR 


Moreover, the partial valency theory does not suggest that the 
process of substitution is subject to steric influences, as has been 
at least assumed. Thus Jacobson (Annalen, 1895, 287, 14!) 
attributed to the semidine formed by the reduction of benzeneazo- 
o-cresetole the formula (X) in preference to (XI) : 


4 \nwnZ% \ 
{NK _ Ot _ 
Me 
OEt 
/ mt ™ 
<< _ JX_)™ 
NH, 
(X.) 
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and it is perhaps worth considering how far this factor is respon- 
sible for the usual predominance of para- over ortho-substitution 
when the two occur together. An instance of internal condensation 
to which this applies was observed as a supplement to the experi- 
ments above described. The application of Kipping’s method for 
the preparation of 1-hydrindone from $-phenylpropionyl chloride 
(T., 1894, 65, 480) to B-m-chlorophenylpropionyl chloride yielded a 
ketone, which was not identical with 7-chloro-1-hydrindone, and 
was therefore its 5-chloro-isomeride : 


CH 
cy” \\CH,*CH,-COC! a et —_ — 
\/ “eee 


2 


The result is, of course, not an entirely conclusive one from the 
point of view of steric hindrance directly, as distinguished from its 
possible general influence on substitution, since the chlorine atom 
is known to have a strongly para-directive influence in Friedel- 
(rafts’ reactions. 

Although the causes which give rise to steric hindrance are not 
clearly understood, and it may be necessary to seek these in some 
uderlying feature common to the two characteristics of steric 
protection emphasised by the rival theories just discussed, this 
does not affect the fact of its constant occurrence, and the conse- 
quent necessity for allowing for its influence. In this sense, we 
are unable to share the regret expressed by the writer of the Annual 
Report on Homocyclic Compounds (1920, 17, 72) that “it has 
been found necessary to have recourse to that most unsatisfactory 
of expedients, steric hindrance,” in explaining some observations 
on the displacement of mobile substituents under the influence of 
nitro-groups. On the contrary, it is quite possible that other less 
important factors may also play a part. In our view, the great 
difficulty in elucidating the reactions of organic systems consists 
in properly appreciating, and in evaluating the respective import- 
ance of, all the numerous influences which operate and contribute 
to determine the ultimate result. Too great a concentration on 
what may be the conditioning factor, to the neglect of subsidiary 
ones, may frequently lead to conclusions quite at variance with 
observation. For example, consideration of the stability of cyclic 
structures has shown that, whilst Baeyer’s original pronouncement, 
’s generally interpreted, is broadly correct, important reservations 
are necessary to allow for the influence of unsaturation (Kenner 
and Turner, T., 1911, 99, 2101; Kenner, T., 1913, 103, 614) and 
of substitution (Kenner and Turner, loc. cit.; Kenner, T., 1914, 
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105, 2685; Beesley, Ingold, and Thorpe, T., 1915, 107, 1080; 
Ingold and Thorpe, T., 1919, 115, 320). 


EXPERIMENTAL. 
3-Chloro-2-cyanobenzyl Chloride. 


3-Nitro-o-toluonitrile may be prepared in the usual manner from 
3-nitro-o-toluidine by the Sandmeyer reaction, and isolated by 
steam distillation. This is a somewhat slow process, but yields a 
product, m. p. 115°, after crystallisation from benzene, which is 
purer than that obtained by the more expeditious method described 
by Gabriel and Thieme (Ber., 1919, 52, 1081), who give 109—110° 
as the melting point. Its reduction may be achieved either by 
means of red phosphorus and hydriodic acid (Gabriel and Thieme, 
loc. cit.), or in glacial acetic acid solution below 50° by the addition 
of stannous chloride in hydrochloric acid solution. It separates 
from benzene in long, faintly yellow prisms, m. p. 131° (Gabriel 
and Thieme give 127—128°). 

3-Chloro-o-toluonitrile, CsH;MeCl-CN, was prepared by the Sand. 
meyer reaction from 2-cyano-m-toluidine, a quantity of red azo- 
compound formed during the process of diazotisation being first 
removed by filtration. In spite of this, the product could not be 
completely freed from impurity by recrystallisation, and was 
therefore distilled under reduced pressure. It passed over at 
143°/38 mm., and separated from light petroleum (b. p. 60—80°) 
in long, slender prisms, m. p. 82—83° (Found: N = 9°28. C,H,NC 
requires N = 9°24 per cent.). 

3-Chloro-o-toluamide resulted by heating a solution of the nitrile 
(2°3 grams) in sulphuric acid (15 c.c.) and water (5 c.c.) at 100— 
110° for one and a half hours, and adding the liquid to boiling 
water (25 c.c.). On cooling, the amide separated in scales, m. p. 
167° (Found: N = 8°32. C,H,ONCI requires N = 8:26 per cent). 

3-Chloro-o-toluic acid was obtained by careful addition of sodium 
nitrite in excess to a hot solution of the amide prepared in the 
manner just described. It crystallised from water in long, slender 
needles, m. p. 102° (Found: C = 56°63; H = 4:13; equivalent 
170°0. C,H,O,Cl requires C = 56°30; H=4:13_ per cent.; 
equivalent 170°5). 

3-Chloro-2-cyanobenzyl chloride resulted from the chlorination of 
3-chloro-o-toluonitrile at 200° until the increase in weight was that 
required by theory, and was purified by repeated crystallisation 
from light petroleum (b. p. 60—80°). It was thus obtained in 
faintly yellow plates, m. p. 96°, with marked lachrymatory pro- 
perties (Found : N = 7°71. C,H,;NCl, requires N = 7°53 per cent.). 
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Condensation of 3-Chloro-2-cyanobenzyl Chloride with Ethyl 
Acetoacetate. 


A solution of ethyl sodioacetoacetate, prepared by the addition 
of ethyl acetoacetate (3-1 grams) to a solution of sodium (0°5 gram) 
in alcohol (10 ¢.c.), was gradually added to a boiling solution of 
3-chloro-2-cyanobenzyl chloride (3°95 grams) in alcohol (10 c.c.). 
After seven minutes the odour of ethyl acetate was easily detected, 
but the mixture was heated on the water-bath for a further forty-five 
minutes before being poured into water. The oily product did not 
solidify, and after being isolated by means of ether, was found to 
be a mixture separable into its components by treatment with 
cold concentrated hydrochloric acid. 

The insoluble portion (1°2 grams) readily solidified, and was 
purified by crystallisation from dilute alcohol. In this manner, 
lustrous plates, m. p. 137°, were obtained, which analysis showed 
to be ethyl aa-bis-3-chloro-2-cyanobenzylacetoacetate (formula II) 
(Found: N = 6°68. C,.H,,0;N,Cl, requires N = 6°53 per cent.). 

The hydrochloric acid solution on dilution deposited an oil 
which gradually solidified, the product being dried on porous 
earthenware. ‘The somewhat dark ethyl 7-chloro-1-iminohydrindene- 


2-carboxylate, CH. KCC (RE CH: CO,Et (17 grams), thus obtained 


was crystallised from dilute alcohol, and obtained in colourless, 
prismatic needles, m. p. 64° (Found: N =6:10. C,.H,,0,NCl 
requires N = 5°89 per cent.). 


4 


7-Chloro-1-hydrindone, ( \-c O->0H,. 
\ 7 Cie 


A rapid current of steam was passed through a suspension of 
the imino-compound just described in a large excess of 10 per cent. 
sulphuric acid, until the distillate was not rendered turbid by 
saturation with sodium chloride. The ketone was isolated in the 
usual manner and obtained in good yield (80 per cent. in an experi- 
ment in which it was weighed as the semicarbazone). It separates 
from light petroleum (b. p. 60—80°) in colourless, transparent 
prisms, m. p. 98° (Found: C= 64°60; H= 4-40. C,H,OCI 
requires C = 64°88; H = 4:20 per cent.). 

The semicarbazone crystallises from alcohol in needles, m. p. 
45° (decomp.) (Found: N = 18°89. C,gH,gON,Cl requires N = 
1879 per cent.). 
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5-Chloro-1-hydrindone, ( 
Cl, 

The authors have pleasure in acknowledging the assistance of 
Messrs. F. Allsop, B.Sc., T. A. Buckley, and V. A. Carpenter, B.Sc, 
in the earlier stages of the following preparations. 

m-Chlorobenzyl chloride is conveniently prepared by the chlorin. 
ation of m-chlorotoluene at its boiling point until the increase in 
weight amounts to about half of that required by theory. The 
proportion of more highly chlorinated derivatives produced is very 
small, and there is little difficulty in separating the desired con. 
pound as a liquid, b. p. 213—214°/740 mm. (Found : Cl in the side. 
chain = 22°30. C,H,Cl-CH,Cl requires Cl in the side-chain = 2205 
per cent.). 

The condensation of m-chlorobenzyl chloride (49 grams) with 
ethyl malonate (49 grams) under the usual conditions results in the 
formation of ethyl m-chlorobenzylmalonate, C,H,Cl-CH,°CH(CO,Et),, 
(30 grams), b. p. 213—214°/40 mm. (Found : C = 59°32; H = 6°05. 
C,,H,,0,Cl requires C = 59°26; H = 5°64 per cent.). A large 
quantity of ethyl di-m-chlorobenzylmalonate, (CgH,Cl*CH,),C(CO,Et),, 
is formed at the same time, and constitutes an extremely vis- 
cous liquid, b. p. 280°/51 mm. (Found: C = 67°60; H = 5°45. 
Cy, Hy 0,Cl requires C = 67°83; H = 5:38 per cent.). 

Ethyl m-chlorobenzylmalonate is immediately hydrolysed by 
alcoholic sodium hydroxide solution. m-Chlorobenzylmalonic acid, 
C,H,Cl-CH,°CH(CO,H),, crystallises from benzene in plates, m. p. 
98—99° (Found : equivalent = 1145. Cj, )H,O,Cl requires equiva- 
lent = 114°3), and is converted at its melting point into $-m-chloro- 
phenylpropionic acid, C,H,Cl-CH,*CH,*CO,H, which separates from 
light petroleum in prismatic crystals, m. p. 73—74° (Found: 
equivalent = 183-9. C,H,O,Cl requires equivalent = 18475). The 
anilide, C,H,Cl-CH,-CH,-CO-NHPh, prepared from the chloride, 
separates from dilute alcohol in silky needles, m. p. 86—87° (Found: 
N= 478. C,;H,,ONCI requires N = 4°62 per cent.). 

The conversion of §-m-chlorophenylpropionic acid successively 
into its chloride, b. p. 161°/39 mm., and into 5-chloro-1-hydrindone 
was carried out exactly as described by Kipping in the case o 
8-phenylpropionic acid (loc. cit.), very satisfactory yields being 
obtained at each stage. 

5-Chloro-1-hydrindone crystallises from light petroleum in prisms, 
m. p. 96—97°, which depressed the melting point of the 7-chloro- 
isomeride considerably (Found: C = 64°63; H = 4°27. C,H,0C! 
requires C = 64°88; H = 4°20 per cent.). 


\-00-S.6H 
/ CH 2 
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The semicarbazone crystallises from alcohol in small needles, 
m. p. 242° (decomp.) (Found: N = 18°35. C,gH,jgON,Cl requires 
N = 18°79 per cent.). 

The oxime separates from dilute alcohol in elongated plates, 
m. p. 148° (Found: N = 7°68. C,H,ONCI requires N = 7°71 per 
cent.). 

The isonitroso-derivative, prepared by treatment of the ketone 
in alcoholic solution with amyl nitrite and hydrochloric acid, the 
temperature being gradually raised to 60°, crystallises in fine needles, 
m. p., when rapidly heated, 232° (decomp.) (Found: N= 7°37. 
(,H,O,NCI requires N = 7°16 per cent.). 


In conclusion, the authors wish to express their thanks to the 
British Dyestuffs Corporation for supplies of o-toluidine required 
for this investigation. 


THe UNIVERSITY, 
SHEFFIELD. [Received, August 22nd, 1921.] 


CLXXI.—9 : 10-Dihydrophenanthrene. 
By Herpert HENSTOCK. 


In the course of some experiments on the bromination of phen- 
anthrene, a method was sought to absorb the hydrogen bromide 
formed without allowing it to escape from the reaction mixture. 
This object was not successfully attained, but one of the reactions 
semed of interest and worthy of description on account of the 
formation of an almost quantitative yield of 9: 10-dihydro- 
phenanthrene. 

A method of preparation and some of the properties of this 
substance have already been described by Schmidt and Mezger 
(Ber, 1907, 40, 4240), but their method seemed more cumbrous 
than the one here detailed. 

The addition of the two hydrogen atoms to the phenanthrene is 
evidently due to the action of the hydrogen bromide, which acts 
in a similar manner to hydriodic acid and phosphorus. 

A slight variation of the primary experiment produced a 
decomposition of the phenanthrene molecule with conversion 
into fluorenone, the glacial acetic acid used as diluent acetylating 


C,H 
this to 9-acetoxyfluorene, & 4 > CH-0-COMe, some of the nitro- 
otha 


and bromo-derivatives of which have been described by Schmidt and 
3D*2 
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Bauer (Ber., 1905, 38, 3737; compare also Anschiitz and Schulty, 
Annalen, 1879, 196, 50; .Meyer and Spengler, Ber., 1905, 38, 440) 
Schmidt and Bauer heated the nitro- and bromo-derivatives ¢ 
phenanthraquinone with 10 per cent. potassium hydroxide solution, 
and by subsequent treatment of the products with acetic anhydrié 
they obtained the corresponding derivatives of 9-acetoxyfluorene, 
The present experiment completes the reaction in one operation, 
The bromine used can be recovered. 


EXPERIMENTAL. 


A solution of 25 grams of phenanthrene (m. p. 99°) in 500 ce, 
of hot glacial acetic acid containing 25 grams of fused sodium 
acetate was cooled to room temperature and slowly treated with 
a solution of 22°5 grams (1 mol.) of bromine in 150 c.c. of the sam 
solvent with constant shaking, the mixture being cooled and kepi 
for an hour when about one-half had been added. After standing 
for another hour, the whole was slowly poured, with constant 
stirring, into about 5 litres of water, the green, flocculent precipitate 
formed being filtered on the next day and dried in the air, wha 
it weighed 50°6 grams. It contained much water, which separated 
after heating on a rapidly boiling water-bath for fifteen minutes; 
the solid portion partly crystallised on cooling, thus allowing the 
water to be drained off. The crude product was a light lemon 
yellow, granular solid (yield 24°8 grams or 99°6 per cent.) which, 
after one crystallisation from suitably dilute alcohol, gave fairly 
pure crystals melting at 91°5° (yield 95 per cent.). Recrystallised 
from light petroleum, it melted at 94° and boiled at 314°. Schmidt 
and Mezger (loc. cit.) give m. p. 94—95° and b. p. 312—314° (Found: 
C= 73:15; H=681. Calc., C= 73°33; H = 6°60 per cent.). 

Examined under the microscope, the crystals were transparent, 
flat triangles. One or two were measured and the angles found 
to be each of 60°. They are therefore of the hexagonal system, 
being rhombohedral, hemihedral, trigonal prisms with the bas 
{0001} strongly developed. 

The substance readily sublimes to a white, crystalline solid. I 
solutions exhibit a faint blue fluorescence. 

The picric acid compound was obtained as yellowish-red needle 
melting at 138°. Schmidt and Mezger (loc. cit.) give 135—137 
(Found: N= 10-20. Cale., N= 10-26 per cent.). It yield 
phenanthraquinone on oxidation with chromic acid. 

Through the kind offices of Prof. H. B. Dixon the moleculit 
weight was determined in the laboratories of the Manchester 
University. Using the eryoscopic method, 0°2156 in 22°507 d 
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benzene gave At 0°270°, whence M = 177°4 (C,,H4. requires M = 
) 180). 

‘BE It is therefore 9 : 10-dihydrophenanthrene and agrees in all its 
properties with the compound described by Schmidt and Mezger. 


B Conversion of Phenanthrene into a Fluorene Compound. 9-Aceloxy- 
jfluorene. 


If in the foregoing experiment 2 mols. of bromine are used 
instead of 1 mol., a by-product is formed which is insoluble in light 
petroleum. The reaction mixture, after the addition of the 
bromine, was heated on the water-bath for two hours, cooled and 
poured into water, and the dry, crude product extracted several 
times with cold light petroleum, when all the dihydrophenanthrene 
dissolved, leaving a light green, granular solid behind (yield 4 grams). 
This was purified by heating on the water-bath for three hours 
with thrice its weight of chromic acid in glacial acetic acid, the 
crystals deposited on cooling being recrystallised from benzene, 
when the substance was obtained as thin, colourless needles melting 
at 272° (Found: C= 8000; H= 5°47. Cale., C= 80°35; 
H = 5°35 per cent.). 

The substance is oxidised neither by a chromic acid mixture, 
nor even on heating for six hours with sulphuric acid and potassium 
dichromate. It is volatile in steam, and can be sublimed without 
decomposition. It contains no bromine. All these properties 
night be expected from its constitution. 


The author’s thanks are due to the Research Fund Committee 
of the Chemical Society and also to the Government Grant Com- 
mittee for grants towards the cost of the chemicals. 


CoemMIcAL ResearcnH LABORATORY, 
Scuoo~t GARDENS, SHREWSBURY. [Received, August 25th, 1921.] 


CLXXII.—The System Potassium Sulphate—Glucinum 
Sulphate—Water at 25°. 


By Husert Tuomas Srantey Brirron and Arraur Joun 
ALLMAND. 


Tas system has been investigated in order to ascertain the 
conditions necessary for the crystallisation of the double sulphate 
of glucinum and potassium. This salt was discovered by Awdejew 
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in 1842 (Pogg. Ann. Physik, 56, 101) in trying to isolate a salt of 
glucinum isomorphous with alum. He was unable to obtain any 
such salt from a solution containing glucinum sulphate and potas. 
ium sulphate in the ratio of three equivalents of the former to 
one of the latter, but was, however, successful in obtaining a 
double sulphate from solutions containing the constituents jp 
molecular proportions, or in the ratio of 15 mols. of glucinum 
sulphate to 14 mols. of potassium sulphate. The salt crystallised 
out after several days. Debray (Ann. chim. phys., 1855, [iii] 
44, 1), Klatzo (J. pr. Chem., 1869, 106, 227), Marignac (Any, 
chim. phys., 1873, [iv], 30, 45) and Atterberg (K. Vet.-Akad. Handl, 
1873, 30, (iv), 79) subsequently prepared the double sulphate and 
all agree to the formula assigned to it by Awdejew, namely, 
K,SO,,GISO,,2H,O. The crystals are exceedingly small, and 
nobody appears to have been able to determine their form. 


EXPERIMENTAL. 


Preparation of Glucinum Sulphate. 


Several methods were adopted for the preparation of pur 
glucinum sulphate from commercial glucinum nitrate. 

One method used was to convert the nitrate into the oxide 
by strongly heating in a platinum crucible. The oxide was then 
dissolved by heating with moderately concentrated sulphuric acid, 
which slowly attacks it. Excess of sulphuric acid must be present 
to prevent the formation of the soluble basic sulphate. After 
concentration, the solution was poured into alcohol, when the 
alcoholic solution first became turbid and crystals of the tetra 
hydrate finally separated. The crystals were washed as free from 
sulphuric acid as possible and then recrystallised from aqueous 
solution. 

A more convenient method was to add an excess of concentrated 
sulphuric acid to a concentrated solution of the nitrate. The 
mixture was poured into alcohol and treated as above. 

The method of precipitating the hydroxide with ammonium 
chloride and ammonium hydroxide and dissolving the glucinum 
hydroxide in dilute sulphuric acid proved unsuccessful, as the 
precipitate retained sufficient ammonia to yield, when dissolved, 
a double sulphate of ammonium and glucinum. The precipitate 
was heated on a water-bath for several days, until it appeared 
perfectly dry and even then was found to contain much fre 
ammonia, but not enough to produce the double sulphate whet 
dissolved in sulphuric acid. The glucinum ammonium sulphate 
was found to be extremely deliquescent; when dried to constatt 


poTASSIUM SULPHATE-—GLUCINUM SULPHATE-WATER AT 25°. 1465 


yeight over fused calcium chloride and analysed, it gave figures 
erresponding with the formula (NH,),SO,,GISO,,2H,O (Found : 
NH, = 12-44; SO, = 58-57; GIO = 9-25. Cale., NH, = 12-46; 
§0, = 58-58; GIO = 9-18 per cent.). This salt has previously 
been described by Atterberg (loc. cit.), who obtained it by con- 
centrating over sulphuric acid a solution containing molecular 
proportions of the two sulphates. 

The following is a typical analysis of the glucinum sulphate 
tetrahydrate used (Found: GIO = 14:10; SO, = 45-21. Calc., 
GIO = 14:16; SO, = 45-17 per cent.). 

“A.R.” Potassium sulphate was employed, which was found to 
be pure by sulphate estimations. 


Methods of Analysis. 


It was thought in the first instance that the amount of glucinum 
present in solution could most readily be found by precipitating 
glucinum hydroxide in the cold by ammonium chloride and am- 
monium hydroxide (vide Bleyer and Boschart, Zeitsch. anal. Chem., 
1912, 51, 748). The total sulphates can be estimated as barium 
sulphate by the use of a solution containing much hydrochloric 
aid to prevent hydrolysis, and from these figures the potassium 
can be obtained by difference. As a check, it was proposed to 
evaporate known weights of solution and to ignite and weigh the 
residue, which would presumably consist of potassium sulphate 
and glucinum oxide. Glucinum sulphate can be completely con- 
verted into the oxide by strongly heating in a Bunsen flame, but 
the heating must be continued for three or four hours before the 
last traces of sulphur trioxide are driven off. This method was 
tried in several cases, but difficulty was experienced in getting 
correct results, even after heating for many hours, owing to the 
incomplete decomposition of the glucinum sulphate. A paper of 
Grahmann (Zeitsch. anorg. Chem., 1913, 81, 257), in which he works 
out the polytherm of the binary system potassium sulphate— 
glucinum sulphate, may be cited in explanation. 

The precipitation of glucinum as the hydroxide has, however, 
the grave disadvantage that the gelatinous precipitate adsorbs 
much potassium sulphate, which cannot be removed by washing. 
It may be separated by repeated re-solution and reprecipitation, 
or, better, by treating the ignited precipitate with water containing 
enough hydrochloric acid to render the solution acid, and then 
Precipitating any slight amount of glucinum hydroxide, which 
may have passed into solution in the form of potassium glucinate, 
with ammonium chloride and ammonium hydroxide, Jt has been 
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found that the precipitate of either aluminium hydroxide ¢ 
glucinum hydroxide, obtained from solutions containing either 
the chloride or sulphate of sodium or potassium, after ignition js 
always slightly alkaline to phenolphthalein. This can be accounted 
for by the formation of a little aluminate or glucinate. If potassium 
sulphate and glucinum oxide are strongly heated together, no 
alkalinity is produced ; hence it must be inferred that the alkalinity 
produced when a precipitate of glucinum hydroxide containing 
some neutral alkali salt and some ammonium hydroxide js 
ignited must be due to slight interaction between the three 
substances. 

In some cases, the amount of glucinum hydroxide is extremely 
small, and this makes its accurate estimation difficult. In these 
circumstances, it was found much more convenient to carry out 
the estimation of glucinum by using a modification of the titration 
method suggested by Bleyer and Moorman (Zeitsch. anal. Chem., 
1912, 51, 360). This method was investigated as follows. Varying 
amounts of glucinum sulphate were dissolved in 100 c.c. of distilled 
water, the quantity of glucinum oxide present ranging from 0-006 
gram to 0-095 gram. These solutions were titrated against 0-25N- 
sodium hydroxide until the first permanent pinkness with phenol- 
phthalein was obtained, first at room temperature and again when 
boiling. The results at room temperature were low; those at 100°, 
for very dilute solutions (about 0-006 gram of GIO), were accurate, 
but gradually became low as the content of glucinum oxide increased, 
being as much as 4 per cent. low for a solution containing 0-09 
per cent. of the oxide. The cause of these discrepancies would 
appear to be the carrying down of glucinum sulphate by the 
glucinum hydroxide. When, however, the sulphate was _ first 
converted into chloride by the addition of excess of barium chloride 
—say 10 c.c. of a saturated solution—accurate results by titration 
at 100° were obtained over the same range. When the concentra- 
tion of glucinum oxide was greater than 0-1 per cent., the bulk of 
the precipitate of glucinum hydroxide rendered it extremely difficult 
to judge the end-point with accuracy. This method was also 
found to be satisfactory in presence of varying quantities of 
potassium sulphate, and was used throughout the investigation. 


Equilibrium Determinations. 


The procedure adopted was to make up about 100 c.c. of solution 
at some temperature above 25°, and to pour this into a bottle 
provided with a rubber stopper, through the centre of which 
passed the rod of a glass stirrer. The bottle was placed in a thermo- 
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dat regulated at 25-0 + 0-1°, and stirring carried on mechanically 
for several days until equilibrium was attained, as indicated by 
no further change in the composition of the solution. During 
this time a solid phase or phases separated out. In the case of 
the solution containing potassium sulphate only, the initial satura- 
tion was carried out at 80°. After the solid phase had been allowed 
tosettle, about 20 c.c. of the liquid phase were pipetted off, weighed, 
and made up to 250 c.c., and portions used for analysis. The solid 
phase was rapidly separated by filtration on a Biichner funnel. 
About 5 grams were accurately weighed out, dissolved, the solution 
made up to 250 c.c. and analysed. Extreme care must be taken 
that the liquid adhering to the separated solid phase shall be 
typical of the liquid phase with which it was in equilibrium. This 
mixture is usually known as the “rest.” If there is any delay in 
the filtration and weighing, appreciable evaporation will ensue 
and the “‘ rest’ will not consist of the mixture of phases which 
were in equilibrium. For the remainder of the system, mixtures 
of weighed quantities of potassium sulphate and glucinum sulphate 
in amounts which were thought to be slightly greater than those 
necessary to saturate about 100 c.c. of water at 25°, were carefully 
dissolved by raising the temperature by the smallest possible 
amount; 50° was never exceeded, as otherwise the solutions became 
turbid. Equilibrium was much more quickly attained when 
potassium sulphate crystallised out than when the double salt 
or glucinum sulphate crystallised out. In the case of the double 
salt, stirring had often to be carried on for more than a week. 
It is possible that the remarkable slowness with which the super- 
saturated solution approaches equilibrium is due to some glucinum 
hydroxide having been liberated. In a similar fashion, Cohen and 
Moesveld (Zeitsch. phys. Chem., 1920, 94, 482) found that a trace 
of cadmium hydroxide was sufficient to impede a saturated solution 
of cadmium iodide in attaining equilibrium. 

The proportions of the two sulphates likely to give eutectic 
solutions were estimated from the results already obtained on each 
side of the eutectic, and by the analyses of the liquid and solid 
phases resulting after equilibrium had been reached, the eutectic 
points were determined. In the circumstances, this method was 
adopted in preference to the more usual procedure of making up a 
solution saturated with the two constituents in approximately 
eutectic proportions, and stirring with excess of the two solid 
phases which coexist in equilibrium with the mother-liquor at the 
invariant point. It was difficult to prepare the adequately pure 
double sulphate in sufficient quantity. Further, in contact with 
the mother-liquor, the double sulphate became pasty and formed 
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a more or less compact mass with the other coexistent solid phase, 
thus making efficient stirring difficult. 

The results of the analyses of the various saturated solutions 
and their corresponding “ rests ”’ are given in the following table. 


Liquid phases. 
Grams of 
water in ** Rests.” 
which 100 
grams of Composition of 

Composition of the solute 100 grams of Grams of 
100 grams of dissolve to the anhydrous water per 
the solute. form a salts. 100 grams 
saturated = ———, of anhy- 
solution. K,SO,. GISO,. drous salts. Solid phases. 
830 os — } 
550 97°9 67 li 
438 946 , Se 
293 97°2 
241 69°7 
251 62°4 
264 —- 
283 62:1 
385 61°8 
400 — 
430 60°9 
402 59°0 
249 56°4 
218 38°3 


K,SO, and double salt, 
. 
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Double salt. 


cS me m CO 


Ke ore 
NaS= 


“ GISO,,4H,0 and double 
salt. 
220 18 


230 oe | GISO,,4H,0. 
234 68°5 


* In this case, the “‘ rest ’? was too small to be analysed. 


These results are best shown graphically, using the method of 
representation described by Jiinecke (Zeitsch. anorg. Chem., 1906, 
51, 132), the units taken being grams instead of mols. The 
abscissa indicates the number of grams of potassium sulphate and 
glucinum sulphate in 100 grams of dissolved anhydrous salts, and 
the ordinate shows the number of grams of water in which 10 
grams of the mixture dissolve to give a saturated solution. It 
will be observed that the straight lines joining the points indicating 
the composition of the mother-liquor and the corresponding “ rests ” 
all pass through the point which indicates the composition of the 
solid phase with which the various liquid phases are in equilibrium. 

The line AB represents saturated solutions which are in equi- 
librium with one solid phase—potassium sulphate. At B two solid 
phases—potassium sulphate and the double salt—separate out, the 
composition of the “rest’”’ being shown by b; B is therefore 
invariant. BC represents saturated solutions which are in 
equilibrium with the double sulphate. The point C is invariant; 
the composition of its “rest,” shown at c, indicates that the two 
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slid phases—double sulphate and glucinum sulphate—have 
separated out. CD represents solutions which are saturated with 
respect to glucinum sulphate tetrahydrate. 

According to this method of representation, 62-4 grams of 
potassium sulphate and 37-6 grams of glucinum sulphate represent 
molecular proportions. From the diagram it will be observed that 
a saturated solution of the two salts in this ratio will just be in 
equilibrium with the double sulphate, whereas if the amount of 
potassium sulphate taken happens to be slightly greater, either the 
two solid phases—potassium sulphate and the double salt—or 
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potassium sulphate alone will crystallise out. Hence it becomes 
apparent why Awdeyew found the ratio 14 mols. of potassium 
sulphate to 15 mols. of glucinum sulphate, that is 60-7 grams of 
potassium sulphate and 39-3 grams of glucinum sulphate, more 
satisfactory in the preparation of potassium glucinum sulphate. 


Summary. 

From supersaturated solutions containing potassium sulphate 
and glucinum sulphate, the following phases will crystallise out 
at 25° : 

(1) K,SO,, if the percentage of glucinum sulphate in the solute 
does not exceed 37-2. 
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(2) K,80,,GISO,,2H,O, if the amount of glucinum sulphate in 
the solute lies between 37-2 and 84-8 per cent. 

(3) GISO,,4H,O, if the amount of glucinum sulphate in the 
solute is more than 84°8 per cent. 


The authors desire to express their thanks to the Chemical 
Society for a grant from their Research Fund. 


UNIVERSITY OF LONDON, 
Kinq’s CoLttEGE, W.C. [Received, July 22nd, 1921.] 


CLXXIII.—Researches on Pseudo-bases. Part III. 
Dialkylaminomethyl Alkyl Ethers and Sulphides, 


By Cuartes Maxwett McLeop and GERTRUDE 
Mavup Rosinson. 


One of the more characteristic reactions of pseudo-basic carbinols 
is the formation of ethers by simple treatment with alcohols. Thus 
cotarnine (I) is converted into ethoxyhydrocotarnine (II) in ethyl- 
alcoholic solution, and when mixed with ethyl mercaptan in ethereal 
solution it yields ethylthiolhydrocotarnine (III) (Freund and 
Bamber, Ber., 1902, 35, 1752). 


MeO CH-OH McO CH-OEt 
0’ \Z \NMe at 0% \~ \NMe 
o | én. CH<ol | GH 
‘i ae yal ee” 
CH, CH, 
(I.) (II.) 
MeO CH-‘SEt 


CH,< 


There are many similar instances; thus, the pseudo-basic 
character of berberinol is well exemplified by the formation of 
alkyloxydihydroberberines by treatment with alcohols (Robinson 
and Robinson, T., 1917, 111, 958). It therefore seemed probable 
that all carbinols containing the group N-C-OH would react with 
alcohols with the formation of ethers, but this has apparently not 
yet been observed in any of the simpler conceivable cases. It is 
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now shown that the amino-methyl alcohol derivatives which result 
from the action of formaldehyde on secondary bases do in fact 
condense with alcohols and mercaptans, yielding ethers and thio- 
ethers. It was found best to obtain the carbinols by the action of 
aqueous formaldehyde on the secondary base and then to condense 
with the alcohol or mercaptan in presence of an excess of potassium 
carbonate. The process is represented as follows : 


OH 
NHR, + CH,O —-> (R,N-CH,-OH — 9 + ROH —~ 
R,N-CH,-OR’ +H,0. 


The yields were improved by employing only one molecular 
proportion of the alcohol and increased with the molecular weight 
of the alcohol, diethylaminomethyl isoamyl ether (IV) being 
obtained in a yield of 58 per cent. of that demanded by theory. A 
remarkable case is that of di(diethylaminomethyl) trimethylene 
ether (V), which was obtained in a yield of 92 per cent. of that 
demanded by theory. 


Et,N-CH,-O-CH,-CH,"CHMe, 
(IV.) 


Et,N-CH,-O-CH,-CH,-CH,-0-CH,NEty. 


(V.) 


The ethers are all mobile oils which distil without decomposition 
and often under atmospheric pressure. They are readily soluble 
in the usual organic solvents, but are immiscible with water. The 
action of dilute hydrochloric acid causes rapid hydrolysis with 
formation of the original components, and the bases are also hydro- 
lysed by water with considerably varying ease. In general, the 
ethers derived from alcohols of smaller molecular weight are the more 
readily hydrolysed, the derivatives of diethylamine are less stable 
than those of piperidine, and the thio-ethers are much more stable 
than the ethers. 

At one end of the scale diethylaminoethyl ethyl ether is readily 
hydrolysed’on shaking with cold water, and at the other diethyl- 
aminomethyl isopropyl sulphide is unchanged by cold water and is 
only slowly decomposed by hot water. The odours of all these 
substances are in part characteristic and in part due to the products 
of hydrolysis. In the case of a member of the series of intermediate 
stability, the first odour observed is a faint basic one; in a few 
seconds a powerful formaldehyde effect supervenes. It is possible 
that a member of this group of relatively high stability to water 
might have therapeutic value in view of the liberation of form- 
aldehyde extending over a considerable period of time. 
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Since many of the condensation reactions of cotarnine and ber. 
berine can be made with the corresponding ethers, it was thought 
that some of the substances now described might be serviceable in 
regulated condensations designed to introduce the group *CH,'NEt, 
in place of a hydrogen atom in suitably constituted substances. 

Unfortunately, the reactions do not in most cases lead to crystal. 
line products or substances which can be distilled without decom. 
position, and only in two cases, condensations with acetophenone 
and with 2 : 4-dinitrotoluene, could evidence be obtained that the 
reactions of the ethers resemble those of ethoxyhydrocotarnine. 
Attempts were made to replace the formaldehyde in this series by 
benzaldehyde, but without success. 


EXPERIMENTAL. 


Except in those cases where a particular method of preparation 
is cited below, all the ethers and thio-ethers were prepared in the 
following manner. The secondary amine was gradually added to 
the aqueous solution of formaldehyde (approximately 35 per cent., 
termed ‘formalin’? below) with cooling under the tap. The 
alcohol, glycol, or mercaptan was then introduced in one portion 
and the solution saturated with potassium carbonate. After shaking 
during an hour, the non-aqueous layer was separated and allowed 
to remain overnight in contact with an excess of anhydrous 
potassium carbonate. The product was isolated by fractionation 
and the ethers were in most cases so stable that this was carried out 
under atmospheric pressure. The equivalents of the bases were 
determined by decomposition with a known excess of N-(or N/10-) 
sulphuric acid and _ back-titration with N-(or N/10-)sodium 
hydroxide, using methyl-orange as indicator. 


Diethylaminomethyl Ethyl Ether, Et.N-CH,-OEt. 


Diethylamine (55 grams), formalin (85 grams) and ethyl alcohol 
(46 grams) gave 37 grams of a mobile liquid boiling at 136°/760 mm. 
(Found : equivalent = 130. A monoacid base, C;H,,ON, requires 


equivalent = 131). 


Diethylaminomethyl Propyl Ether, Et,N-CH,-OPr. 


Diethylamine (55 grams), formalin (85 grams) and propy] alcohol 
(61 grams) gave 58 grams of an oil boiling at 152—155°. The pure 
substance boils at 152-5°/760 mm. (Found: equivalent = 144. A 
monoacid base, C,H,,ON requires equivalent = 145). 
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Diethylaminomethyl isoButyl Ether, Et,N-CH,*O-CH,°CHMe,. 


Diethylamine (55 grams), formalin (85 grams), and isobutyl 
alcohol (74 grams) gave 67 grams of a base boiling at 164—167°. 
The main fraction was at 165°/760 mm. (Found : equivalent = 157. 
A monoacid base, C,H,,ON requires equivalent = 159). 


Diethylaminomethyl isoAmyl Ether, Et,N-CH,°O°CH,°CH,*CHMe,. 


Diethylamine (55 grams), formalin (85 grams), and isoamyl 
alcohol (88 grams) gave 91 grams of the ether boiling at 184—188°, 
the correct boiling point being 186°/760 mm. (Found: C = 69-0; 
H= 138; equivalent = 171. A monoacid base, C,y>H,,ON, requires 
(= 69-4; H = 13-3 per cent.; equivalent = 173). 


Di(diethylaminomethyl) Trimethylene Ether, 
Et,N-CH,°O-CH,°CH,°CH,°O-CH,NEt,. 


Diethylamine (20 grams), formalin (23 grams) and trimethylene 
glycol (9-5 grams) gave 28-3 grams of an oil boiling at 148°/35 mm. 
(Found : C = 63-6; H = 12-4; equivalent = 123. A diacid base, 
ila requires C = 63-4; H = 12-2 per cent.; equivalent = 

CH,-0-CH,-NEt, 
Tri(diethylaminomethyl) Glyceryl Ether, CH-O-CH,*NEt, . 
H,°O-CH,NEt, 


When the general method was applied to the case of glycerol, the 
only product which could be isolated was tetraethyldiaminomethane, 
Et,N-CH,*NEt,, boiling at 168°/760 mm., and obtained in an 
amount almost equal to that theoretically required from the di- 
ethylamine employed. This substance remained unchanged when 
heated during twenty minutes at 130° with dry glycerol.* The 
glyceryl ether was, however, obtained under the following conditions. 
A mixture of glycerol (12 grams), diethylamine (22 grams), and 
potassium carbonate was cooled in ice-water and formalin (30 
grams) gradually introduced, whilst at the same time further 
quantities of potassium carbonate were added when necessary so 
’s to maintain a saturated solution. After allowing the mixture 
to remain overnight, the reaction was completed by heating during 
ten minutes on the steam-bath and the product extracted with 


* When, however, glycerol (2 grams), tetraethyldiaminomethane (10 
grams), and anhydrous sodium carbonate (3 grams) were heated together 
during ten minutes at 150°, 3 grams of a substance boiling at 198°/48 mm. 
Were obtained. This was found to be also the b. p. of the glyceryl ether, and 
the process is therefore the better one for the preparation of the substance. 


1474 MCLEOD AND ROBINSON : 


ether after the addition of water. The ethereal solution was dried, 
by means of potassium hydroxide and the solvent removed. The 
residue distilled over a wide range, but ultimately 4 grams of a 
basic oil boiling at 162°/33 mm. were obtained by fractionation, 
The substance was not soluble in water, but was readily soluble in 
organic solvents and on hydrolysis yielded diethylamine, form. 
aldehyde, and glycerol (Found : equivalent = 114. A triacid base, 
C,,H,,0O,N, requires equivalent = 116). 


- TT . CH,°CHo wa . 
1-Ethoxymethyl piperidine, CHe<H.CHON CH,-OEt. 

Formalin (20 grams) was added to a mixture of piperidine (2 
grams) and ethyl alcohol (45 grams) cooled by ice-water. The 
mixture was saturated by sodium carbonate and allowed to remain 
overnight, the oil being then separated, dried by sodium carbonate, 
and distilled, first in a vacuum and then at the atmospheric pressure; 
the portion boiling at 176—178°/760 mm. was collected (Found: 
equivalent = 141. A mono-acid base, CsH,,ON, requires equiva- 
lent = 143). 

In accordance with experience gained later, it is probable that the 
yield in this preparation would be improved by reducing the amount 
of alcohol employed to one molecular proportion. 


1-isoBuloxymethyl piperidine, CH OH CHE >N-CH,-0-CH,-CHMe, 


Piperidine (12 grams), formalin (17 grams), and isobutyl alcohol 
(14 grams) gave 15 grams of the ether boiling at 201—203°. The 
boiling point of the pure substance is 203°/760 mm. (Found: 
equivalent = 170. A mono-acid base, C,>H,,ON, requires equiva- 
lent = 171). 


Diethylaminomethyl Ethyl Sulphide, Et,.N-CH,°SEt. 


Diethylamine (7 grams), formalin (10-6 grams), and ethyl mer- 
captan (7:7 grams) gave 9-0 grams of the thio-ether boiling at 
174—175°/760 mm. (Found: equivalent = 148. A mono-acid 
base, C,H,,NS, requires equivalent = 147). 


Diethylaminomethyl isoPropyl Sulphide, Et,N-CH,’SPr. 


Diethylamine (8-5 grams), formalin (13 grams), and isopropyl 
mercaptan (11-5 grams) gave 9-0 grams of the thio-ether boiling 


AJ 


at 186—189°, the correct boiling point being 185°/760 mm. (Found: 
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Condensation Reactions. 


The amino-ethers described above are reactive substances which 
radily condense with a wide range of compounds containing an 
‘Butivated methyl or methylene group. In most cases, however, 
‘Bike products were mixtures from which individual substances could 
not be isolated. For example, diethylaminomethyl propyl ether 
racts violently with ethyl cyanoacetate in propyl-alcoholic 
wlution. After removal of the propyl alcohol, the chief fraction 
obtained on distillation boiled continuously from 140—250°/15 mm. 
and was obviously a complex mixture. 

Definite compounds could not be isolated from the reaction 
products of these amino-ethers and resorcinol or 2 : 4 : 6-trinitro- 
toluene. It is remarkable that a boiling mixture of acetone and 
-Biiethylaminomethyl isobutyl ether remained unchanged and no 
-Binteraction occurred at the boiling point between acetone and 


iva-@diecthylaminomethyl isopropyl sulphide. On the other hand, 


definite results were obtained with acetophenone and 2 : 4-dinitro- 
toluene. Acetophenone (12 grams) and diethylaminomethy] isobutyl 
cher (16 grams) in isobutyl alcohol (50 c.c.) were boiled during an 
hour under reflux. After distilling away the excess of isobutyl 
alohol, the residue was dissolved as far as possible in 2N’-hydro- 
chloric acid (50 c.c.) and neutral substances removed by extraction 
withether. The acid solution was separated and, after the addition 
of sodium hydroxide, the precipitated oily base was extracted with 
ether, the solution dried with potassium hydroxide, and evaporated. 
The residual viscid oil (8 grams) could not be induced to crystallise, 
but a characteristic picrate was prepared by adding picric acid 
(8 grams) dissolved in acetone (20 c.c.) to the base (6 grams) and 
jrecipitating by the addition of alcohol. The derivative crystallised 
from a mixture of acetone and alcohol in microscopic, triangular 
prisms melting at 164° with decomposition. The pure picrate was 
decomposed by ammonia and the base taken up in ether, but after 
moval of the solvent the base obtained could not be crystallised. 
Its platinichloride, prepared in the usual way, crystallised from 
water in pale brown, microscopic needles (Found: Pt = 24-0. 
(C\sH,sON),.,H,PtCl, requires Pt = 23-8 per cent.). 

There is thus little doubt that the product of the condensation 
is -diethylaminopropiophenone, CgH,*CO-CHy*CH,"NEts. 
A mixture of 2 : 4-dinitrotoluene (11 grams), diethylaminomethyl 
wamyl ether (11 grams), and isoamy]l alcohol (30 c.c.) was heated 
at 130° and then allowed to cool. The viscid, reddish-yellow 


1476 KEFFLER: SOME DERIVATIVES OF ANTHRAQUINONEDI-IMIDz. 


basic product of the reaction was isolated exactly as described 
above for the base from acetophenone, and again could not lp 
crystallised, but could be converted into a picrate, which not only 
crystallised from a mixture of alcohol and acetone in prisms melting 
at 164° with decomposition, but melted at the same temperatur 
when mixed with an equal amount of the picrate from aceto. 
phenone. The two substances are, however, not identical, and 
differ in their crystalline habit. The picrate from dinitrotoluen 
crystallises in quadrilateral prisms. The substance could not 
be analysed owing to its highly explosive character, but the 
base regenerated from purified material gave a_ platini. 
chloride crystallising from hot water in yellow needles (Found: 
Pt = 20-4. (C,.H,,0,N3)2,H,PtCl, requires Pt = 20-6 per cent.). 
It is therefore probable that the condensation of diethylamino. 
methyl isoamyl ether and 2 : 4-dinitrotoluene leads to the production 
of 2 : 4-dinitro-8-diethylaminoethylbenzene, 
C,H,(NO,).°CH,"CH,'NEt,, 
and the failure of the picrate of this substance to exhibit a lowering 
of melting point when mixed with the picrate of @-diethylamino. 
propiophenone must be attributed to the fact that these melting 
points are really decomposition points. The further investigation 
of the condensation reactions of these amino-ethers is contemplated. 


We desire to express our thanks to Professor R. Robinson, F.R.S, 
for suggesting this investigation and to the Food Investigation 
Board for grants which enabled one of us (G.M.R.) to defray a part 
of the cost of the materials employed. 
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CLXXIV.—Some Derivatives of Anthraquinonedi-imite 
By Leon Pierre GEorGE KEFFLER. 


Brown AND Roptnson (T., 1917, 111, 952) have recorded the 
observation that the nitrile of piperonylic acid (I) is converted in 
chloroform solution by chlorosulphonic acid into a polymeride 
which was regarded as 2:3: 6: 7-dimethylenetetraoxyanthm 
quinonedi-imide (IT). 
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This conclusion was based on the observed properties of the sub- 
stance, the isolation of a small amount of anthracene by distillation 
of the product obtained by treatment with hydriodic acid with 
zinc dust, and on the intrinsic probability of the reaction proceeding 
in the direction suggested. 

It appeared desirable to attempt the determination of the mole- 
cular weight of the polymeride, and all the more so in view of the 
fact that it is a very sparingly soluble substance which is possibly 
of high complexity. This was not found feasible, but the reaction 
occurred with equal facility when applied to veratronitrile and 
3-methoxy-4-ethoxybenzonitrile, leading to analogues of the 
compound IT, the formulz of which are figured in the experimental 
portion appended. These substances were quite similar in properties 
to the supposed 2:3: 6: 7-dimethylenetetraoxyanthraquinonedi- 
imide, and were sufficiently soluble in thymol to render possible a 
determination of molecular weight by the cryoscopic method. The 
results proved conclusively that all these compounds are dimerides 
of the related nitriles. 

These anthraquinonedi-imides are extraordinarily stable sub- 
stances, and are not hydrolysed even on prolonged boiling with 
concentrated hydrochloric acid. They are feeble bases and are not 
nethylated on the nitrogen by treatment with methyl sulphate in 
boiling nitrobenzene solution, the original substance being recovered 
wichanged. They are also very stable towards oxidising agents. 

Dinitro-derivatives are readily obtained by treatment with cold 
nitric acid and dinitro-2 : 3: 6: 7-tetramethoxyanthraquinonedi- 
imide, which probably has the constitution III, has the normal 
molecular weight in apie thymol. 


C(:NH) 


oe NY 


| 
MeO\ —— Ay Pegg 


\/NoMe 


(IEI.) 


Since it was not found possible to degrade these di-imides to 
simpler substances, direct proof of the orientation of the substituents 
could not be obtained. In almost all known cases, however, the 
position is the reactive one in a 4-substituted catechol ether, and 
when this position was occupied, as, for example, in 6-bromo- 
hiperonylonitrile, the action of chlorosulphonic acid did not lead to 
the production of an anthraquinonedi-imide. 

The fact that the anthraquinonedi-imides are quite colourless 
substances is in harmony with the observations of Willstatter, 
Mayer, and Pfannenstiehl (Ber., 1904, 37, 1494, 4605), who prepared 
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benzoquinoneimide and benzoquinonedi-imide and found them to 
be colourless compounds. 


EXPERIMENTAL. 


6-Bromo-3 : 4-methylenedioxybenzonitrile, CH, <a *¢ ‘s 


This substance has been obtained by Angeli and sian (Gazzetta, 
1895, 25, ii, 188) by an indirect method starting with safrole. It 
is more conveniently prepared by the dehydration of bromo. 
piperonaldoxime. Bromopiperonal was converted into the oxime 
in the usual manner and this derivative crystallised from benzene, 
It was obtained in colourless needles, m. p. 109°, readily soluble in 
acetone or chloroform, but only moderately so in benzene. Bromo- 
piperonaldoxime (50 grams) was boiled during two hours with 
acetic anhydride (400 grams) and the product decomposed by dilute 
hydrochloric acid. The nitrile crystallised from methyl alcohol in 
needles melting at 135° (Found: Br = 34-8. Calc., Br = 35-4 
per cent.). 

Angeli and Rimini (loc. cit.) give the melting point as 106°, and 
it is accordingly possible, although scarcely probable, that the sub- 
stance obtained by these authors is an isomeride of that described 
above. The latter is readily soluble in most organic solvents and 
dissolves in concentrated sulphuric acid to a bright yellow solution, 
the colour of which is not discharged on the addition of water. 
Attempts to convert the substance into a dimeride were unsuccessful. 


6-Nitro-3 : 4-methylenedioxybenzonitrile, CH <I a 


Piperonylonitrile was dissolved in ten times its iv of nitric 
acid (D 1-41) and allowed to remain at the temperature of the 
room during three hours. The solution was poured into water 
and the solid collected and washed with a solution of sodium 
carbonate. The substance is moderately readily soluble in alcohol 
or acetic acid and very readily so in acetone; it crystallises from 
alcohol in long, yellow needles melting at 144-5° (Found: N = 14%. 
C,H,0,N, requires N = 14-6 per cent.). 

The compound dissolves in sulphuric acid to an emerald green 
solution which soon becomes brown, but no definite product was 
isolated as the result of the reaction. 
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2:3: 6: 7-Dimethylenetetraoxyanthraquinonedi-imide (Formula II). 


A series of experiments was made on the preparation of this 
dimeride of piperonylonitrile, but the original method of Brown 
and Robinson (loc. cit.) appears to give the best results. It was 
not found possible to replace the chlorosulphonic acid employed 
as condensing agent by concentrated sulphuric acid, oleum, dry 
hydrogen chloride, or such substances as phosphoryl, sulphury]l, 
or thionyl chloride. A yield of 30 per cent. of that theoretically 
possible was obtained under the following conditions. Piperonylo- 
nitrile (10 grams) was dissolved in chloroform (30 c.c.) and chloro- 
sulphonic acid (10 c.c.) gradually added. The liquid became crimson 
and the temperature rose. The reaction was allowed to proceed 
util the mixture had cooled to the room temperature, and acetic 
acid (50 c.c.) and ether (100 c.c.) were then successively added. 
The orange solid was collected and washed with ether and then 
heated with a solution of sodium acetate until the colour was 
discharged. The precipitate was again collected, washed with 
water, dried, and crystallised by the addition of alcohol to its solution 
in nitrobenzene and then again from pyridine. The purest speci- 
mens were quite colourless needles melting at 268°. The composition 
was confirmed (Found: C= 65:2; H=3-7; N=9-6. Calc., 
(=653; H=3-4; N=9-5 per cent.), but attempts to make 
a determination of the molecular weight were unsuccessful owing 
to the sparing solubility of the substance in solvents. 

The  Dinttro-derivative—Dimethylenetetraoxyanthraquinonedi- 
imide (3 grams) was added to nitric acid (30 grams; D 1-42) and the 
mixture cooled until the whole of the substance had passed into 
solution and its place had been taken by a new crystalline preci- 
pitate. The reaction was then completed by heating the mixture 
at about 50° during thirty minutes. Water was added, the solid 
collected, washed, dried, and crystallised from pyridine. The 
substance was obtained in yellow, boat-shaped, microscopic crystals 
which decomposed without melting above 310° (Found: C = 49-7; 
H=20; N=14-5. CyH,O,N, requires C= 500; H= 2:1; 
N= 14-6 per cent.). 

The substance is extremely sparingly soluble in most solvents, 
but it dissolves to a small extent in nitrobenzene, pyridine, or 
Phenol. Its solution in concentrated sulphuric acid is orange. 


/ 
6-Nitroveratronitrile, mee ~ 3, 
\Z7 


This compound was prepared by the nitration of veratronitrile 
(obtained in a yield of 71 per cent. by the interaction of equal 
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weights of veratraldoxime and acetyl chloride) under the conditions 
described above for the production of the corresponding piperonylic 
derivative. The substance is readily soluble in chloroform, 
moderately so in alcohol or benzene, and crystallises from alcohol in 
yellow needles melting at 165° (Found: N = 13-6. C,H,0,X, 
requires N = 13-5 per cent.). 

The solution in sulphuric acid is green and quickly becomes 
brown, but the reaction appears to be complex. 


2:3:6: 7-Tetramethoxyanthraquinonedi-imide, 
C(-NH) 
MeO \Y \“‘NoMe 
MeO OMe’ 
\/\ocnny7 


This substance was obtained by the action of chlorosulphonic acid 
on veratronitrile under precisely the same conditions as were 
employed (vide supra) in the preparation of the methylenedioxy- 
analogue, and the yield of the pure product was 26 per cent. of that 
theoretically possible. It crystallises well from nitrobenzene- 
alcohol, from xylene, and, best of all, from pYridine in slender, 
colourless needles melting sharply at 265°. It is extremely sparingly 
soluble in alcohol or ethyl acetate, moderately soluble in pyridine 
or nitrobenzene, and sufficiently so in melting thymol to render 
feasible a determination of the molecular weight by the cryoscopic 
method [Found: C =: 66-1; H = 5-0. 0-1 (0-2) in 20-0 thymol 
(K = 8000) gave At=0-12 (0-25), whence M = 333 (320). 
C,,H,,0,N, requires C = 66-2; H = 5-5 per cent.; M = 326). 

This substance closely resembles the dimeride of piperonylo- 
nitrile and dissolves in concentrated sulphuric acid to a similar 
bright crimson solution, which on dilution with water becomes 
orange-yellow with partial precipitation of the original substance 
in the form of an orange salt. It dissolves in concentrated hydro- 
chloric acid to a yellow solution, and the addition of sulphuric acid 
to a suspension in acetic acid also produces the orange sulphate. 
Such salts, which have not yet been obtained in a pure condition, 
are readily hydrolysed by water with production of the original 
weak base. All attempts to prepare the corresponding anthra- 
quinone by hydrolysis with acids were fruitless, and the substance 
was recovered unchanged after boiling for some hours with con- 
centrated hydrochloric acid. On heating with concentrated 
hydrochloric acid in a sealed tube at 150°, a decomposition resulted 
in the production of a violet-black powder of an intractable nature. 
Unchanged di-imide was also recovered after several hours’ boiling 
in nitrobenzene solution with a considerable excess of methyl 
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sulphate and anhydrous sodium carbonate. The compound was 
found to be quite stable towards a hot solution of potassium per- 
manganate. 

The Dinitro-derivative—Tetramethoxyanthraquinonedi-imide (2 
grams) was dissolved in nitric acid (50 grams; D 1-42). The orange 
solution in the course of a few minutes became cloudy, and. an 
orange, crystalline precipitate was formed. After allowing to 
remain overnight, the colour of the crystals had changed to yellow, 
and after the addition of water the derivative was collected and 
crystallised from pyridine. The microscopic, spear-head-shaped, 
yellow crystals melted at 306° (Found: N= 13-7. 13-7. 0-1 in 
20 thymol gave At = 0-095, whence M= 421. C,,H,,O,N, 
requires N = 13-5 per cent.; M = 416). 

The substance is sparingly soluble in most organic solvents, and 
moderately soluble in hot nitrobenzene, pyridine, thymol, or phenol. 
It gives a reddish-brown solution in sulphuric acid. On boiling 
with nitric acid, the substance undergoes oxidation and further 
nitration, but the product was a complex mixture and could not be 
separated into its constituents. It was, however, proved that 
4:5-dinitroveratrole was not among these substances, since the 
characteristic 2: 3-dimethoxyphenanthraphenazine could not be 
obtained by reduction and subsequent condensation with 
phenanthraquinone. This result, taken in conjunction with the 
analytical data, shows that the nitro-groups are situated at 
positions 3 or 6 in the veratrole nuclei. 


MeO/” NCN 
Bol) 


3-Methoxy-4-ethoxybenzonitrile 


Vanillonitrile was found to be readily methylated in alcoholic 
solution by means of methyl sulphate and potassium hydroxide, 
and after crystallisation from methyl alcohol the veratronitrile 
melted at 64° alone or mixed with a specimen obtained from veratr- 
ildoxime. The corresponding ethylation was carried out under 
the following conditions. Vanillonitrile (14 grams) dissolved in 
tthyl alcohol (100 c¢.c.) was converted into a sparingly soluble 
potassium salt by the addition of a concentrated alcoholic solution 
of potassium hydroxide (5 grams) and after the introduction of 
thyl iodide (15-6 grams) the mixture was boiled under reflux 
during one and a half hours. Dilution of the cooled solution with 
vater precipitated the product in a crystalline form, and this was 
tollected, washed, dried, and recrystallised from alcohol, the yield 
tounting to 11 grams. The substance is readily soluble in most 
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organic solvents and melts at 102° (Found: C = 68-0; H = 61. 
CyoH,,0,N requires C =: 67-8; H = 6-2 per cent.). 


6-Nitro-3-methoxy-4-ethoxybenzonitrile is readily obtained by the § CI 
nitration of methoxyethoxybenzonitrile with ten times its weight 
of nitric acid (D 1-42). The derivative separates from the reaction 
mixture on standing in the cold and a further quantity is precipitated 
on the addition of water. The substance is sparingly soluble in the 
usual solvents and crystallises from pyridine in needles melting at 
194°, TH 

obs 

2 : 6-Dimethoxy-3 : 7-diethoxyanthraquinonedi-imide, wel 
C(°NH 

EO na = 

MeO\ /\CcNH) rN po wn 

app! 

Methoxyethoxybenzonitrile (15 grams) was dissolved in chlor. - : 
form (20 c.c.) and chlorosulphonic acid (20 c.c.) gradually added, Tl 
the containing vessel being meanwhile surrounded by ice. After § Lorc 
fifteen minutes, water was added and the precipitate collected, § tube 
washed with boiling alcohol and crystallised from pyridine. Five f a ple 
grams of pure product were obtained, and this corresponds with 3 
yield of 33-3 per cent. of that demanded by theory [Found: 

C = 68-2; H = 6-3. 0-1 in 20-0 thymol (K = 8000) gave At = 0-ll, 
whence M = 364. C,. 9H..0,N, requires C = 67-8; H = 6-2 perf Here 
cent.; M = 354]. 

This substance is rather more soluble than the related dimeridef wher 
of veratronitrile, but is still very sparingly soluble in organic solvents D th 
of low boiling point. It crystallises from pyridine in very slender, and » 
long, colourless needles melting at 206°. Its colour reactions ani formu 
other properties are almost identical with those of 2 : 3 : 6 : 7-tetr- for ex 
methoxyanthraquinonedi-imide. Like the latter substance, tg It_ 
yields a dinitro-derivative, which is very sparingly soluble nif ‘mplo 
crystallises from pyridine in yellow cubes melting at 295°. ~ 9g 

that ¢ 

The author desires to thank Professor R. Robinson, F.R.S., fff tube ; 
suggesting this investigation and for the interest which he haf cit) gj 
shown during its course. a 

THe UNIVERSITY OF LIVERPOOL. [Received, August 20th, 1921.] ee 

This f 
Wider 1 
of 16 y 

The 
tube w 
tension 


VOL, 


THE DETERMINATION OF SURFACE TENSION, ETC. 1483 


CLXXV.—The Determination of Surface Tension from 
the Rise in Capillary Tubes. 


By SaMvuEL SUGDEN. 


(1) Introductory. 


Tue large discrepancies between the values recorded by different 
observers for the surface tension of many common liquids are 
well known and have been the subject of much discussion. It 
has been shown by Richards and Coombs (J. Amer. Chem. Soc., 
1915, 37, 1668) that, as far as the method of capillary rise is con- 
cerned, these discrepancies are, in many cases, due to insufficient 
appreciation of the approximations involved in the formula used 
to calculate the surface tension. 

The theory of the capillary tube has been discussed by the late 
Lord Rayleigh (Proc. Roy. Soc., 1915, [A], 92, 184). For a narrow 
tube of radius r in which the meniscus stands at a height h above 
a plane surface of the liquid Rayleigh gives the equation 


fm tet = ob +f 


agg 3” 
j 0r1288 * + 01312 5) . 4aee 


Here é — Coe ae & ol ee 


where y is the surface tension, g the acceleration due to gravity, 
D the density of the liquid, and d the density of the vapour or air 
and vapour if the surface tension is measured against air. This 
formula holds accurately as long as r/h is small compared with r, 
for example, for water in tubes of 1 mm. radius or less. 

It was shown by Richards and Coombs that the wide tubes 
employed by many workers were not large enough to give a plane 
surface from which to- measure the rise in the narrow tube and 
that a considerable correction for the capillary rise in the wide 
tube was necessary. To calculate this correction, Rayleigh (loc. 
cl.) gives the formula 

ie 4 


r - r 
z — loge 5; = 08381 + 02708 "+ loge. . . . « (3) 


This formula may be used to calculate the capillary rise in the 
vider tube when r/« is greater than 6, that is, for water in tubes 
of 16 mm. radius or more. 

The range of application of these formule limits the size of 
tube which may be used for the accurate measurement of surface 
tension. Richards and Carver (J. Amer. Chem. Soc., 1921, 43, 
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827) have used tubes of such dimensions that formule (1) and (3) 
could be employed. The use of very wide tubes, however, intro. 
duces many experimental difficulties. Large quantities of liquid 
are necessary, and it is not easy to measure with precision the 
position of the lowest point of a large meniscus which is only 
slightly curved. 

The measurement of surface tension would be much facilitated 
if tubes of intermediate size could be employed and the surface 
tension deduced from measurements of the difference in height 
between two meniscuses in comparatively small tubes. Richards 
and Carver (loc. cit.) have determined experimentally the corre. 
tions for some points in this region. It is the purpose of the 
present paper to show that accurate values of the surface tension 


Fie. 1. 


(a) 


can be calculated from observations on any size of tube by the 
aid of the tables of Bashforth and Adams (‘ An Attempt to Test 
the Theory of Capillary Action,’ Camb. Univ. Press, 1883). 


(2) The Form of the Meniscus. 


Let AOB, Fig. la, represent the cross section of the menisci 
in a vertical cylindrical tube by a plane passing through the verticil 
axis of the tube OC. Let any point P on the meniscus be defined 
by co-ordinates x and z referred to the tangent and normal at 
as axes. Let ¢ be the angle which the normal at P makes with 00. 

The general equation to the free surface of a liquid in equilibriut 
under the influence of surface tension and gravity gives at P 


1 


1 
—)\)= — 4 
o( R, T E) gziD —d)+a constant (4) 


where R, and R, are the principal radii of curvature of the surface 


ension 
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at P. By considering the case of z = 0, the constant is seen to 


9 
have the value ee where 0 is the radius of curvature at O. Further, 


since the meniscus is a surface of revolution, one of the radii of 


curvature is PC = " Let p be the second radius of curvature ; 
then genre 4 becomes 
sin ¢ g(D — d)b? 
= 24+ 0 ——_ .2/b . . . . .. 65 
eg weer / ©) 
This equation represents a family of curves which are determined 
by the value of the parameter 8, where 


—_ 2 
pw - 

8 is positive for a sessile drop, for a bubble under a plate, or for 
the meniscus in a vertical tube. Negative values of 8 correspond 
with the case of a pendant drop, or a pendant bubble, for example, 
a bubble of air escaping vertically upwards from a tube beneath 
the surface. 

In equation 5, p and sin ¢ may be expressed in terms of the first 
and second differentials of z with respect to x, but the differential 
equation obtained cannot be integrated. For positive values of 8, 
Bashforth and Adams devised a special method of obtaining numerical 
solutions of (5) and have calculated and tabulated a large number 
of accurate solutions of this equation for values of 8 ranging from 
01 to 100. The tables compiled by these authors are designed to 
facilitate the calculation of the surface tension and angle of contact 
from measurements of bubbles and drops. Under each value of 
$ the values of the ratios x/b and z/b are recorded for all values 
of ¢ from 0° to 180° at intervals of 5°. 


(3) General Theory of the Rise of Liquids in Tubes of any 
Diameter. 


In Fig. 16 let H be the vertical distance between the lowest 
points of the meniscuses in two vertical tubes of radii r, and 1». 
let b, and 6, be the radii of curvature at these points. Then from 
the general equation to the free surface of a liquid it follows that 


oft — 1) = 

(5. i.) es ara 
To use this equation for the calculation of surface tensions, it is 
lecessary to have some relation between the radius of the tube 
ind the radius of curvature at the bottom of the meniscus. This 
lation will of necessity involve the surface tension. 
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The required relation for all diameters of tube is contained in 
Tables I and II below. These were calculated as follows. 

In the first place, it was assumed that the angle of contact of 
the liquid with the material of the tube was zero. Richards ani 
Carver (loc. cit.) have shown that this is the case for many liquids 
and glass. If the angle of contact is finite and is known, the 
the tables of Bashforth and Adams may be used as indicated beloy. 
The case of liquids with a finite angle of contact and the use of 
Tables I and II in connexion with Jaeger’s method of measuring 
the surface tension will be dealt with in a further communication. 


Fic. 2. 


e 


The variables chosen were r/b and r/a. If the angle of contact 
is zero, r/b is the x/b of Bashforth and Adams when ¢ = 90°. (I 
the angle of contact is finite, then the value of x/b for the corte 
sponding value of ¢ must be taken). 
(D—o _* 


-_ 2 


Y a 


(8) 


Since {= 
ek, |, 


hence r/a and r/b are both functions of @ only and are suitable 
variables. As r/a increases from zero to infinity r/b decreases from 
unity to zero, as shown in Fig. 2. 
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From the tables of Bashforth and Adams, corresponding values 
of r/b and ® were taken and r/a calculated by equation (9). Table I 
was constructed by careful interpolation between the numbers thus 
obtained. These values cover the range from r/a = 0°25 to r/a = 
924. For smaller values of r/a Rayleigh’s formula (1) was employed 


as follows. 
Since Rayleigh’s A is the height to which the liquid rises above 


a plane surface, 


(10) 


Putting this in (1) we have 


p 
he * 


b r -19 r . 9 
== 1+ $5 — 01288 5, + 01312 


(11) 


and from (9) 


r_ frv 
Oe he . . . . . . . . . (12) 


By putting suitable values of r/h into (11) and (12) corresponding 
values of r/a and 7/6 can be calculated. 

The part of the curve obtained by this method fitted smoothly 
on to the curve obtained from Bashforth and Adams’s tables, and 
for a short range the two methods gave identical results. As r/a 
increases the last term on the right hand side of (11) increases 
rapidly and, as would be expected, Rayleigh’s formula is no longer 
applicable. 

Fig. 2 shows the form of curve obtained by plotting r/b against 
tla, ABrepresents the portion calculated by Rayleigh’s formula (1), 
BC that derived from the tables of Bashforth and Adams. DZ 
gives the curve obtained for very wide tubes by Rayleigh’s 
formula (3). The part of the curve represented by the broken 
line CD was obtained as follows. Formula (3) extrapolated to 
the neighbourhood of C gives values of 7/b smaller than those 
obtained from Bashforth and Adams’s tables. On the other hand 
asimple empirical formula 


ee 
was found to agree fairly well with Rayleigh’s formula from D 
to Z, but gave rather too high values in the neighbourhood of C. 
Both curves were drawn on a large scale and C and D joined by 
‘curve lying evenly between them. The values obtained in this 
way are recorded in Table II and are not so accurate as the values 
in Table I. Fortunately, accurate values are not usually needed 
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in this region as in equation (7) the term 1/5, becomes very smal] 
when 7, is large. 

The method of using the tables is best explained by means of 
an example. The following figures were obtained for benzene in 
the apparatus described in the experimental part of this paper. 


r, = 0°05495 cm. 1, = 0°1310 cm. 

At 20°0°, H = 0°7294 cm. 

From equation (7) 
“_ H 
1/6, — 1/b, 
As a first approximation put 6; = 7, 6, = 1p. 

_ 0°7294 
10°563 
Using this value of a* to calculate r,/a and r,/a it is found that 

r,/a = 0°2092 and r,/a = 0°4987. 

From Table I the corresponding values of 1/6 are 

r,/6 = 0°9857 and r,/b = 0°9263 
whence b, = 0°05575 cm., 6, = 0°1415 cm. 

and a* = 6715 mm.? 


Then a? 


= 6905 mm.? 


Repeating the calculation with this more accurate value of a’, 
it is found, as a third approximation, that 


a* = 6°701 mm.? 


and further application of the method of successive approximations 
gives the same figure. 

At 20°0°, D = 0°8785 gram/cm.’, d = 0°0014 gram/cm.°, g = 981 
em./sec.*, whence y = 28°83 dynes/cm. 


EXPERIMENTAL 


A simple apparatus suitable for measuring the surface tension 
of liquids which can only be obtained in small amounts is shown 
in section in Fig. 3. The essential feature is the use of two thit- 
walled tubes mounted close together so that both meniscuses call 
be seen at once in the field of view of a small reading-microscope. 
The eyepiece of this instrument is fitted with a travelling cross-wire 
moved by a micrometer screw, by means of which very accurate 
measurements of the distance between the two meniscuses can be 
made. 

Narrow, thin-walled glass tube was found to be much mor 
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ar in bore and more nearly circular in cross section than thick- 
walled capillary tube, and suitable pieces were readily obtained from| | 
a stock of fine quill-tubing by submitting it to the following tests. 
(a) The diameters at a number of different orientations at each 
end of a 10 cm. length of the tube were measured by means of the 
reading-microscope. All tubes showing a devia- 
tion from a circular cross section of more than Fic. 3. 
2per cent. and/or a difference in diameter at the 
ends of more than 1 per cent. were rejected. 
(b) Local constrictions were looked for by 
measuring the length of a short column of f 
mercury in a number of positions in the tube. |; f 
All the tubes which passed test (a) showed no i 
appreciable variation in diameter in this test. 
Two lengths of tube of suitable diameter were 
fused together, and a small hole was blown in 
the base of each. They were then cut off level 
about 5 cm. from the junction, and the diameter 
at the open end was measured accurately. The 
nost satisfactory method of supporting this part 
of the apparatus in the wider tube containing the 
liquid is that shown in Fig. 3. The junction of 
the measured tubes is sealed on to a small glass 
tod, A, which slides easily into a socket, B, 
formed of narrow glass tube joined on to the 
lower end of the wide tube, C. This arrange- 
ment allows the measured tubes to be readily 
removed for cleaning or recalibration. The wide 
tube, C, was tested for optical irregularities by 
mounting a small steel ball inside it in a number 
of positions and measuring its vertical diameter. 
Three sets of tubes were used of the following 
dimensions. 


Apparatus 1. r, = 0°1343 cm. r, = 0°2162 cm, 
” , 0°07660 ,, ,, 0°1343_ ,, 
” Ss 0°05495 ,, ,, 01310 ,, 

With these instruments the surface tension of water and benzene 
at 200° was determined. These liquids were chosen so that the 
results could be compared directly with the figures obtained by 
Richards and Carver (loc. cit.) and Harkins and Brown (J. Amer. 
Chem. Soc., 1919, 44, 499). 

Tap-water and distilled water were found to give identical and 
‘onsistent values, provided that the sample used was siphoned off 
fom below the surface of the liquid which had been allowed to 
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stand in a clean stoppered vessel for a few hours. No further 
purification was therefore attempted. 

Benzene was freed from thiophen by standing for several days 
over concentrated sulphuric acid, washed with water, dried over 
phosphoric oxide and distilled through a long column of short 
lengths of glass tubing. The main fraction was submitted to 
several fractional crystallisations in ice, and the product dried 
over sodium and again distilled. The purified benzene distilled 
between 80-2° and 80-3°, the main fraction coming over at 80-25 
(uncorr.), and had a density of 0-8785 gram/cm.® at 20-0°. This 
figure is a little lower than that found by Perkin (T., 1896, 69, 
1191) for benzene prepared from calcium benzoate, namely, 0-8794. 
The difference is probably due to a trace of cyclohexane which is 
present in coal-tar benzene and boils and freezes at almost the 
same temperatures as benzene. Several further crystallisations 
gave a small fraction of density 0-8788, showing that the impurity 
is only removed very slowly. 

The dry benzene was found to be hygroscopic and was freshly 
distilled from sodium immediately before measuring the surface 
tension. Exposure to the air of the laboratory for a few hours 
invariably caused an increase of 1 to 2 per cent. in the surface 
tension due to the absorption of moisture, as the correct value was 
regained when the exposed specimen was again dried over sodium. 

Before each set of measurements the apparatus was thoroughly 
cleaned by a hot mixture of nitric and chromic acids, washed with 
water, and, if necessary, dried by a current of warm, filtered air. 
After being rinsed with two or three lots of the liquid to be 
examined, the tube was filled to such a height that the meniscus 
in the smaller of the inner tubes rose to within a few millimetres 
of the open end. The apparatus was then tightly corked or sealed 
off and mounted approximately vertically in a thermostat at 20+! 
fitted with a plate-glass window. The cross-wire of the microscope 
was then set vertical on a plumb-line and the apparatus adjusted 
until the inner tubes appeared parallel to this wire when viewed 
in two directions at right angles. The vertical distance between 
the lowest points of the two meniscuses was then measured, five 
settings being made, and the mean value taken. 


Results. 
Water was measured in instruments 1 and 2. 


Y- 
H. a’, Dynes per 
Apparatus. Cm. Sq. mm. D. d. cm. 
1 0°4407 14°84 0-9983 0°0012 72°59 
2 0°8508 14°89 % ” 72°81 
Mean 72-70 
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Benzene was measured in instruments 2 and 3. 


H. a’, 
Apparatus. Cm. Sq. mm. D. d. . 
2 0°3924 6°708 0°8785 0-0014 28°86 
3 0°7294 6701 * - 28°83 


Mean 28°85 


These results are in excellent agreement with the values found 
by the workers previously mentioned. For water these values are 
72:74 (R. and C.), 72-80 (H. and B.), and for benzene 28-88, 28-79 
(R. and C.), 28-88 (H. and B.). This close agreement, however, 
must be regarded as fortuitous, for it is estimated that the possible 
errors in the measurements may amount to as much as 0-3 per cent. 
if they are all in the same direction. 


Summary. 


(1) A table of corrections has been constructed which renders 
possible the use of tubes of any diameter for the measurement 
of surface tension by the method of capillary rise. 

(2) A simple form of surface tension apparatus has been devised 
which requires only small amounts of liquid. 

(3) The surface tensions against air at 20-0° of water and benzene 
have been determined with the following results : Water, y = 72-70; 


benzene, y = 28°85 dynes per cm. 


TaB_e I. 
Values of r/b for values of r/a from 0-00 to 2-29. 

000 O01 002 003 004 005 006 0 0-08 
000 10000 9999 9998 9997 9995 9992 9988 9979 
010 09968 9960 9952 9944 9935 9925 9915 9893 
020 9869 9856 9842 9827 9812 9796 9780 9746 

9710 9691 9672 9652 9631 9610 9589 9545 

9498 9474 9449 9424 9398 9372 9346 9293 

9236 9208 9179 9150 9120 9090 9060 8999 

8936 8905 8873 8840 8807 8774 8741 8674 

8606 8571 8536 8501 8466 8430 8394 

8249 8212 8175 8138 8101 8064 8026 

7875 7837 7798 7759 7721 7683 7644 

7490 7451 7412 7373 7334 7295 7255 

7098 7059 7020 6980 6941 6901 6862 

6704 6665 6625 6586 6547 6508 6469 

6315 6276 6237 6198 6160 6122 6083 

5929 5890 5851 5812 5774 5736 5697 

5545 5508 5471 5435 5398 5362 5326 

5179 5142 5106 5070 5034 4998 4963 

4822 4787 4753 4719 4686 4652 4618 

4480 4446 4413 4380 4347 4315 4283 

4152 4120 4089 4058 4027 3996 3965 

3843 3813 3783 3753 3723 3683 3663 

3546 3517 3489 3461 3432 3403 3375 

3267 3240 3213 3186 3160 3134 3108 
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TABLE IT. 


Values of r/b for larger values of r/a. 
0-0 01 0-2 03 0-4 05 06 O07 Os 09 
0384 355 327 301 276 252 229 206 185 ~~ 166 
149 133 119 107 097 088 O81 074 067 Oi 
056 O51 047 043 O39 035 O31 028 025 02 


020 O18 O17 O18 O14 O12 010 009 008 007 
006 006 005 004 004 003 003 003 002 02 


BrrKBECK COLLEGE, 
Lonpvon, E.C.4. [Received, July 26th, 1921.] 


CLXXVI.—Contributions to the Chemistry of the Te- 
penes. Part XX. The Action of Hypochlorous 
Acid on Pinene. 


By GrorGe GERALD HENDERSON and JosEPH KENNETH Marsi. 


Tue action of hypochlorous acid on pinene has been examined by 
Wagner and his collaborators (Wagner and Slawinski, Ber., 189, 
32, 2064; Wagner and Ginsberg, Ber., 1896, 29, 886; Ginsberg, 
J. Russ. Phys. Chem. Soc., 1898, 30, 686), but by modifying the 
method of carrying out the reaction we have obtained results 
which differ in several respects from those already published. 
Wagner and Slawinski treated a cooled mixture of /-pinene and 
10 per cent. aqueous acetic acid with a 2 per cent. aqueous solution 
of sodium hypochlorite in such proportions that rather more than 
two molecules of hypochlorous acid were present for each molecule 
of pinene. After completion of the reaction, the solution was 
separated from some undissolved oil, mixed with excess of potassium 
hydroxide, and, after standing for two or three days, saturated 
with carbon dioxide and extracted with ether. From the ethereal 
solution the following products were separated: a chlorohydri, 
C,9H,;0,Cl, m. p. 131°; traces of a different chlorohydrin; pind 
oxide; sobrerythritol; nopinol glycol; and some unsaturated 
compounds, not further examined. Our own work has shown 
that these substances are not the primary products of the reaction, 
but are formed from these by the action of potassium hydroxide, 
Moreover, when Wagner and Slawinski modified their procedure 
by omitting the treatment of the reaction mixture with alkali 
hydroxide, they obtained from 300 grams of pinene about 14) 
grams of a viscous oil, from which they separated about 20 grams 
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of a crystalline pinene dichlorohydrin, m. p. 136—137°; the oily 
residue on treatment with dilute potassium hydroxide yielded some 
of the chlorohydrin of m. p. 131°, and some sobrerythritol. 

Treatment of pinene with successive quantities of a very dilute 
aqueous solution of hypochlorous acid yielded two crude pro- 
ducts, one of which was extracted from the aqueous solution, 
whilst the other was insoluble in water. The soluble product 
proved to be a mixture of three crystalline dichlorohydrins, 
CypH,,0,Cl,, which melted at 139—140°, 124—126°, and 155° 
respectively, together with a viscous, oily substance. The reactions 
of the first of these dichlorohydrins are identical with those of the 
compound of m. p. 136° prepared by Wagner and Slawinski, who 
found it to be optically active, to yield pinol oxide on treatment 
with aqueous potassium hydroxide, and to be converted into 
sobrerol when treated with zinc dust and alcohol. For these 
reasons, they concluded that the so-called pinene dichlorohydrin is, 
in fact, sobrerol dichloride or cis-1 : 2-dichloromenthane-6 : 8-diol, 

ie Me Me 

HOS (cx anes Seeds oe mans ee 

| ~\CMe, | “~ H,C—CH—CH, *— H,C—CH—CH, 
H,0:—CH—CH, HO-CMe, HO-CMe, 
Pinol oxide. 1 : 2-Dichloromenthane- Sobrerol. 
6: 8-diol. 
We have confirmed this view of the constitution of the pinene 
dichlorohydrin of m. p. 139° by its direct synthesis from i-sobrerol 
by the addition of chlorine. 

The second pinene dichlorohydrin, which melts at 124—126°, 
is optically active. Of the four possible structurally different 
dichlorohydrins, only two can show optical activity. One of these 
has been proved to be sobrerol dichloride; the other must be the 
compound under discussion, which therefore must be 


Me 
i 
HO-HC—C(OH)—CHCI 


| 
H,C—CH——-CH, 
l 
ClCMe, 
2: 8-Dichloromenthane-1 : 6-diol. 
_ As regards the third dichlorohydrin of m. p. 155°, the quantity 
isolated was very small, and we have no direct evidence of its 
constitution. It is optically active, and may perhaps be derived 
from 8-pinene, a little of which may possibly have been present in 
the specimen of pinene used. 
3F2 
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On treatment with two molecular proportions of aqueous potas. 
ium hydroxide, the dichlorohydrin of m. p. 139° yields pinol oxide 
and i-pinol glycol 2-chlorohydrin, C,gH,,0,Cl, m. p. 104—105°, 
The latter compound has been proved (Ginsberg and Wagner, J. 
Russ. Phys. Chem. Soc., 1898, 30, 675) to be the racemic form of 
the optically active chlorohydrin which melts at 131°. It is very 
stable towards aqueous potassium hydroxide in the cold, but 
heating it is converted, with some resinification, into pinol oxide. 
On treatment with zinc dust and alcohol it yields pinol, by loss 
of a chlorine atom and a hydroxyl group. It cannot have the 
formula I 

Me Me 
HC—CCI—CH-OH HC C(OH)—CHC! 
(I.) OM (IL.) | O. CM 
_ = | | 7? 
H,C—--CH—CH, H,C—--CH CH, 
for this represents the structure of the isomeric pinol glycol 1-chloro- 
hydrin, m. p. 52—54°, which was prepared by the action of hypo- 
chlorous acid on pinol and proved to contain a secondary alcohol 
group (Ginsberg, J. Russ. Phys. Chem. Soc., 1898, 30, 681). Hence 
it must be pinol glycol 2-chlorohydrin (II). 

An isomeric chlorohydrin, quite different in properties from the 
above, is produced when the dichlorohydrin of m. p. 139° is agitated 
with very dilute aqueous potassium hydroxide in the proportion 
of 1 mol. of KOH to 1 mol. of Cyg9H,,0,Cl,. This substance is 4 
crystalline solid which melts at 70—71°; the chlorine content agrees 
with the formula C, )H,,0,Cl. Its constitution could not be 
directly elucidated owing to the ease with which it is transformed 
into the stable i-pinol glycol chlorohydrin of m. p. 104° by the 
action even of water, but in all probability it is an isomeric chloro- 
hydrin. Indeed the conversion of pinene dichlorohydrin, m. Pp. 
139° (III), into pinol glycol 2-chlorohydrin (V) cannot take place 
in a simple manner, and is more easily understood if it be assumed 
that the first step is the formation of this intermediate compount, 
for which we suggest the following formula (IV). 

Me Me Me 
HO-HC—CCI-CHCl HO-HC—(—--CHC] HC—C(OH)-CHO 
| _ - —- O\ cMe 
H,C—CH—CH, OMe, Wie la 
HO-CMe, H,.c—CH—cH, 20 —CH—% 
(III.) (IV.) (V.) 
The fact that this intermediate compound, unlike pinol glycol 
2-chlorohydrin, is capable of forming a nitrobenzoate, yields supp 
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to this view. The same formula has been suggested by Ginsberg 
(loc. cit.) for a chlorohydrin which he obtained by the action of 
potassium hydroxide on the syrupy product of the treatment of 
pinene with hypochlorous acid, but the available data are not 
sufficient to decide whether or not the two substances are the 
same. 

Part of the viscous residue from which the crystalline dichloro- 
hydrins had been separated was distilled under diminished pressure, 
but much decomposition took place, and no satisfactory result was 
obtained. Another portion, on treatment with 10 per cent. 
aqueous potassium hydroxide, yielded crystals of pinol glycol, 
m. p. 124°, which was undoubtedly formed from pinol oxide, the 
primary product of the action of alkali hydroxide on some dichloro- 
hydrin still present in the residue, when the alkaline solution was 
acidified. 

Fractional distillation under diminished pressure of the oily 
product which was not dissolved by water yielded some unchanged 
pinene and some tricyclene dichloride, C,gH,,Cl,, the presence of 
which among the substances formed by the action of hypochlorous 
acid on pinene had already been observed by Ginsberg and Wagner 
(loc. cit.). 

It is evident from the results quoted that the action of hypo- 
chlorous acid, even when in very dilute solution, is similar to that 
of many other reagents to the extent that it effects disruption of 
the very unstable dimethyleyclobutane ring in pinene. Hence 
the products of the reaction are in reality derivatives of menthane 
and not of pinene. 


ExPERIMENTAL. 
Preparation of Pinene Dichlorohydrins, CygH,,0,Cls. 


The pinene used in our experiments was prepared from American 
oil of turpentine by steam distillation and subsequent fractionation. 
It boiled at 156—157° and was slightly dextrorotatory. A dilute 
‘olution of hypochlorous acid, prepared by Taylor’s method (T., 
1912, 101, 444), was shaken with a quantity of pinene in a large 
bottle. Absorption of the acid took place rapidly, and when com- 
plete the mixture was left until the oily layer had separated. In 
order to obtain good yields of the dichlorohydrins their aqueous 
‘olutions should not be kept for any long time. The aqueous 
layer was syphoned off and saturated with sodium chloride, with 
the result that part of the product separated in solid form. This 
Was collected and the filtrate thoroughly extracted with ether. 
The unattacked pinene was repeatedly agitated with fresh quantities 
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of hypochlorous acid until practically no more of the acid was 
taken up. As the process went on, the oily layer became by degrees 
denser and more viscous, developing a tendency to form emulsions, 
and in order to prevent this a little light petroleum was added, 
When the treatment with hypochlorous acid was stopped, the 
greater part of the original pinene had passed into solution in the 
water, but there remained a quantity of an oily insoluble product, 
which was collected and examined separately. 

The mixed ethereal solutions of the soluble products were dried 
over anhydrous sodium sulphate, and on removal of the ether by 
distillation a syrupy liquid was left, from which a crystalline deposit 
separated on standing. The crystals were freed from the oily 
matter as far as possible with the aid of the filter-pump. Further 
deposition of crystals from the filtrate took place, and this con- 
tinued for a considerable time, although separation of the crystals 
from the viscous oil became increasingly difficult. Finally most 
of the original syrupy substance was obtained in a crystalline form. 
The collected crops of crystals were washed with a little ether and 
repeatedly recrystallised from that solvent, with the result that 
we finally obtained a less soluble dichlorohydrin which melted at 
139°, and a more soluble, of m. p. 124—126°. 

Sobrerol dichloride (1 : 2-dichloromenthane-6 : 8-diol) crystallises 
from ether in small prisms. It melts at 139—140°, and can be 
distilled under diminished pressure with only slight decomposition. 
It is sparingly soluble in cold ether, almost insoluble in light 
petroleum, and very readily soluble in alcohol. In water, it dis- 
solves rather sparingly in the cold, more easily on heating, but 
undergoes decomposition to some extent. It is readily attacked 
by cold dilute solutions of alkali hydroxides, losing a chlorine and 
a hydrogen atom and yielding in the first instance the chlorohydrin 
of m. p. 104° (Found : Cl = 29-49. C, 9H,,0.Cl, requires Cl = 29-46 
per cent.). 

The nitrobenzoate, prepared as usual in pyridine solution, is very 
sparingly soluble in alcohol, but is easily purified by crystallisation 
from a mixture of acetone and water, from which it separates as4 
colourless, crystalline powder which melts at 175°. 

In order to confirm Wagner's view of the constitution of this 
dichlorohydrin, a solution of chlorine in dry chloroform was added 
gradually to a similar solution of sobrerol, and the solvent removed 
by evaporation in a vacuum desiccator. A viscous liquid remained, 
from which crystals separated on standing. The crystals wet 
washed with a little ether, and after recrystallisation from that 
solvent were found to melt at 138°; a mixture of these with 
the dichlorohydrin of m. p. 139° had the same melting poitt 
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Hence it is evident that this dichlorohydrin is really sobrerol 
dichloride. 

The dichlorohydrin of m. p. 124—126°, which apparently is 
2: 8-dichloromenthane-1 : 6-diol, was separated from the isomeride 
just mentioned by taking advantage of its greater solubility in 
ether. It crystallises in colourless, silky needles, of which the 
solubility in water, alcohol, and light petroleum is much the same 
as that of sobrerol dichloride. Like the latter, it reacts readily 
with dilute aqueous alkali hydroxides, but it yields directly the 
optically active pinol glycol 2-chlorohydrin of m. p. 131°, with a 
trace of pinol oxide. The formation of an intermediate compound, 
as happens with sobrerol dichloride, was not observed under any 
conditions. This dichlorohydrin is levorotatory; one specimen 
gave [a]u, = — 28-2°. 

A number of different fractions of crude pinene dichlorohydrin 
which had been prepared before the war were mixed and dissolved 
in hot benzene. On cooling the solution, a mass of fine, silky 
needles, consisting mainly of the dichlorohydrin of m. p. 124—126°, 
separated, together with some large, well-defined crystals. When 
the solution was warmed, the needles dissolved, but the bulk of 
the larger crystals remained behind, and was easily separated by 
decanting the liquid. After several recrystallisations from hot 
benzene, in which it is sparingly soluble, this dichlorohydrin was 
obtained in lustrous, colourless prisms melting at 155°. It is 
optically active, [«],, = — 59-5°. Like the other dichlorohydrins, 
it reacts with dilute aqueous alkali hydroxides, but yields a product 
different from either of those obtained from the former. As it 
appeared possible that this substance might have been formed from 
the dichlorohydrin of m. p. 124° by heating in benzene, this was 
put to the test of experiment, but even after prolonged heating the 
result was negative. Curiously enough, no trace of this compound 
could be detected in the specimens of dichlorohydrins recently 
prepared, although the same oil of turpentine was in each case 
used as the source of the pinene, and the methods of treatment 
were the same. 


Preparation of the Chlorohydrins, C,)>H,,0,Cl. 


12-2 Grams (1 mol.) of sobrerol dichloride were added to a 1 per 
cent. aqueous solution of 5-7 grams (2 mols.) of potassium hydroxide 
and left for four days with occasional shaking. On the third day, 
crystals of pinol glycol chlorohydrin separated, and on the fourth 
day almost all the dichlorohydrin had passed into the solution, 
Which was now neutral. The solution was saturated with sodium 
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chloride and extracted with ether. From the ethereal extract, 
4-3 grams of a crystalline solid were obtained together with a 
quantity of a liquid with a strong, characteristic odour, which 
distilled at 73—80°/16 mm. When shaken with 2 per cent. aqueous 
sulphuric acid, the liquid passed into solution, and from the solution 
a quantity of crystals of pinol glycol, m. p. 124°, was extracted by 
means of ether. The liquid was thus proved to be pinol oxide. 
The solid product, the racemic form of pinol glycol 2-chlorohydrin, 
was purified by crystallisation from light petroleum, from which it 
separated in stout, colourless prisms, m. p. 104—105°. It is readily 
soluble in ether, alcohol, or acetone, from the last of which it 
erystallises very well, and fairly so in water, and in hot light 
petroleum. 

When sobrerol dichloride is treated with only one proportion 
of potassium hydroxide, the reaction takes a different course. 
16-2 Grams (1 mol.) of the dichloride, reduced to very fine powder, 
were added to a 0-5 per cent. aqueous solution of 3-7 grams (1 mol.) 
of potassium hydroxide, and the mixture was stirred continuously. 
In about three hours the solution had become neutral, and all 
but a little of the dichloride was dissolved. The solution was 
filtered, the filtrate saturated with sodium chloride and extracted 
with ether, and the ethereal extract washed with water, dried over 
anhydrous sodium sulphate, and distilled. There remained an oily 
substance which solidified after thorough drying in a vacuum 
desiccator, but in this case no pinol oxide was produced. The 
solid, which weighed 13-5 grams, was broken up, washed once or 
twice with a little light petroleum, and recrystallised from that 
solvent. When pure, this new chlorohydrin crystallises in radiating 
tufts of fine needles, which melt at 70°. It is only sparingly soluble 
in light petroleum, even in the heat, but dissolves very easily in 
other organic solvents and to some extent in water (Found: 
C= 58:7; H=85; Cl=17-5. C,)H,,0,Cl requires C = 587; 
H = 8-3; Cl = 17:3 per cent.). 

Unlike pinol glycol chlorohydrin, this compound reacts with 
p-nitrobenzoyl chloride in pyridine solution, yielding a crystalline 
p-nitrobenzoate, which separates from alcohol in small, colourless 
crystals, m. p. 125°. It is very easily soluble in acetone, and 
sparingly soluble in alcohol. 

This chlorohydrin is very easily transformed into i-pinol glycdl 
chlorohydrin, m. p. 104°. The change is quickly effected if the 
chlorohydrin is left in contact with dilute solutions of alkali hydr- 
oxides, a little pinol oxide being also produced in this case, or if it 
is mixed with very dilute sulphuric acid. If an aqueous solution 
of the compound is left to evaporate at the ordinary temperature, 


tract, 
ith a 
which 
ueous 
lution 
ed by 
oxide, 
ydrin, 
ich it 
eadily 
‘ich it 

light 


ortion 
ourse, 
ywder, 
mol.) 
ously. 
nd all 
n was 
racted 
dover 
in. oily 
acuum 
The 
nce or 
a that 
liating 
soluble 
sily in 
ound : 
- 58:7; 


; with 
talline 
ourless 
e, and 


glycol 
if the 
| hydr- 
or if it 
olution 


rature, 


CHEMISTRY OF THE TERPENES. PART XX. 1499 


aystals of i-pinol glycol chlorohydrin separate. It may be dis- 
solved in glacial acetic acid without undergoing this transformation, 
but when an attempt was made to oxidise it with chromic anhydride 
in acetic acid solution, pinol glycol chlorohydrin was again 
produced. 

The pinene dichlorohydrin of m. p. 124° was treated with one 
molecular proportion of potassium hydroxide in exactly the same 
way as sobrerol dichloride, but in no case was the chlorohydrin of 
nm. p. 70° or any analogous intermediate compound obtained. The 
product consisted of the optically active pinol glycol 2-chlorohydrin, 
crystallising in lustrous needles of m. p. 131°, together with some 
of the inactive form, m. p. 104°. A trace of pinol oxide could 
also be detected and slight resinification occurred. This, dichloro- 
hydrin was also treated with moist silver oxide and with silver 
acetate in alcoholic solutions; in each case pinol oxide was pro- 
duced along with a considerable amount of resinous matter. Oxida- 
tion with chromic acid mixture and with chromic anhydride in 
aetic acid gave no definite results, and attempts to prepare a 
p-nitrobenzoate were unsuccessful. 


The Product insoluble in Water. 


The oily product of the action of hypochlorous acid on pinene 
which remained undissolved by water was heated to remove light 
petroleum and then distilled at 14 mm. pressure. Fractions boiling 
at 80—90°, 125—130°, and 130—145° were collected. When the 
temperature reached 105°, decomposition began, with evolution of 
hydrogen chloride, and a large residue of pitchy material was 
kft in the flask. The liquid fraction of b. p. 80—90° was redistilled 
uder atmospheric pressure, but much decomposition ensued and 
no definite product, except some unchanged pinene, was isolated. 
The fractions of higher boiling point, principally that distilling 
between 125° and 130°, deposited a crystalline solid on standing, 
and additional quantities of this were obtained by refractionation 
of the liquid portions. The solid was washed with light petroleum 
aid recrystallised. From ether, in which it is readily soluble, it 
separates in large, colourless plates which melt at 176°; from 
methyl alcohol it crystallises in leaflets, m. p. 169—172°; in cold 
water it is almost insoluble (Found : Cl = 34:2. C4 9H,,Cl, requires 
(l= 34-2 per cent.). The compound was thus identified as tri- 
tyelene dichloride, although the melting point of our specimen 
vas higher than that (165—168°) quoted by Ginsberg and Wagner. 
Additional proof was provided by its conversion into camphane 
Semmler, Ber., 1900, 33, 774, 3420). Tricyclene dichloride in 
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alcoholic solution is not readily attacked by sodium, but on pm. 
longed treatment it yielded a crystalline solid which melted at 
154—155°, boiled at 160—162°, sublimed very easily in small 
lustrous plates, and behaved as a saturated compound towards 
bromine and towards potassium permanganate; the solid, in short, 
was camphane. 


We take this opportunity of expressing our thanks to the Depart. 
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CLXXVII.—The Reactivity of Doubly-conjugated 
Unsaturated Ketones. Part I. 4'-Dimethylamino- 
2-hydroxydistyryl Ketone. 


By Istpor Morris Hempron and JOHANNES SYBRANDT Buck. 


As the result of an investigation of the action of compounds possess- 
ing a reactive methylene group on ketones containing the system 
*C:C-C-C:C-, such as distyryl ketone, pp’-tetramethyldiamino- 


distyryl ketone, etc., Borsche (Annalen, 1910, 375, 145), basing his 
views on the Thiele conception of residual affinity, drew conclusions 
which more fully account for the varied degree of activity of these 
substances. Whereas distyryl ketone readily reacts with ethyl 
acetoacetate or acetylacetone in presence of piperidine, pp’-tetra- 
methyldiaminodistyryl ketone is quite unreactive under similar 
conditions, whilst p-dimethylaminodistyryl ketone only reacts with 
difficulty. 

According to Borsche, the reactivity of distyryl ketone is due to 
the large amount of free residual affinity on both the carbonyl 
oxygen atom and the two external carbon atoms of the conjugated 
system : 
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The inactivity of the pp’-tetramethyldiamino-derivative is 
accounted for by assuming neutralisation of the free affinities of 
the end carbon atoms with the unsaturated nitrogen atoms of the 
dimethylamino-groups. 


. 


As this, however, does not in itself explain the diminished reactivity 
of p-dimethylaminodistyryl ketone, the further assumption is 
made that the disturbing influence of the dimethylaminophenyl 
residue also affects the unsaturation of the oxygen atom in such a 
way that a neutralisation resulting in complex ring formation takes 
place : 


MeN, , .--O 
NG ‘i \\ CSCH=CH-C,H,. 
CH 


Although these postulates clearly demonstrate the mutual 
influence of groups or atoms upon each other, the explanation is 
not, however, complete. This may readily be demonstrated by a 
consideration of the above formula, where it follows that substitu- 
tion in the phenyl group would not be expected to influence the 
activity of the molecule to any great extent, other than in the para- 
position, where it would tend, through neutralisation of free affinity, 
to cause decreased reactivity, as exhibited by pp’-tetramethy]l- 
diaminodistyryl ketone. 

The present authors have now prepared 4’-dimethylamino- 
2-hydroxydistyryl ketone, and find that it actually exhibits a quite 
extraordinarily enhanced reactivity, being almost comparable to 
triphenylmethyl in the ease with which it forms additive products. 
Before entering into a discussion of the views which we suggest in 
order to account for this, the preparation and properties of the 
substance will first be briefly discussed. By the condensation of 
o-hydroxystyryl methyl ketone with p-dimethylaminobenzaldehyde 
in aleoholic solution in presence of 10 per cent. sodium hydroxide, 
a deep blood-red solution is formed, which, on standing, often 
deposits a small quantity of an orange-red, crystalline substance 
melting at 194°, which is identical with pp’-tetramethyldiamino- 
distyryl ketone (Sachs and Lewin, Ber., 1902, 35, 3576). 

By largely diluting the mother-liquors with water, there gradually 
Separates out a precipitate which crystallises from alcohol in brick- 
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red prisms melting at 143°. After removal of this substance, 
further dilution yields a small quantity of orange crystals, which 
form round the sides of the containing vessel and melt at 200°, 
The yield of these substances varies enormously, the reaction being 
extremely sensitive to very minute alterations of the conditions, 
such as slight variation of the room temperature or small differences 
of alkali concentration. In a normal reaction, the compound of 
m. p. 143° forms practically the total yield, but sometimes, on the 
other hand, none of this substance can be isolated, only a heavy 
tar being precipitated on dilution of the reaction mixture. In other 
preparations, considerable quantities of pp’-tetramethyldiamino. 
distyryl ketone resulted, even when precautions were taken to 
maintain the conditions as regards concentration as constant as 
possible. It was anticipated that the compound melting at 143° 
would be 4’-dimethylamino-2-hydroxydistyryl ketone, but analysis 
proved it to be, not the free ketone, but an additive product con- 
taining one molecule of p-dimethylaminobenzaldehyde. Condensa- 
tion experiments were accordingly carried out, using increased 
quantities of o-hydroxystyryl methyl ketone in the hope of obtaining 
the free ketone, but the only effect of this was to decrease the amount 
of the p-dimethylaminobenzaldehyde additive product. Experi- 
ence has shown that the highest yield of this compound is got by 
using | mol. of the ketone to 1-5 mols. of the aldehyde, when a yield 
equal to the weight of the p-dimethylaminobenzaldehyde used 
can be obtained. 

On heating this additive compound with benzene, the brick-red 
crystals rapidly undergo change, without complete solution taking 
place, being converted into glistening, puce-coloured crystals 
melting at 154°. This substance is an additive product of the 
hydroxy-ketone with 0-5 mol. of benzene, from which it cannot be 
freed even on long heating at 100°. Repeated crystallisation of 
this benzene additive product from boiling absolute alcohol ulti 
mately results in the replacement of the 0-5 mol. of benzene by 
1 mol. of alcohol. Most other solvents appear to act similarly, an 
exception being ethyl acetoacetate, from which the solvent-free 
ketone is obtained. 

The table on page 1503 gives a list of typical additive products and 
it will be observed that the colour of these varies from yellow t 
blue, green, and almost black. In certain cases, the most noticeable 
being in the chloroform additive product, chromotropic varietits 
have been isolated. 

The free ketone, which is most readily obtained by heating the 
alcohol additive product at 100°, forms, under these conditions, # 
dull crimson, crystalline powder. Other coloured varieties have 
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also been isolated by methods described in the experimental part, 
but the differences in colour are not especially strongly marked, 
and all produce a red streak. That, however, the forms are not 
altogether identical is shown by the fact that, whilst the brilliant 
garlet variety obtained from ethyl acetoacetate readily combines 
in alcoholic solution with p-dimethylaminobenzaldehyde, the 
reddish-black modification obtained from ethyl acetate—heptane is 
ureactive. It must therefore be concluded that the free ketone 
an exist in different phases, and that these retain their special 
configuration, at least temporarily, even in solution. It con- 
sequently follows that the addenda must differ to some extent in 
the manner in which they are united to the ketone, and this, we 
consider, determines the colour of the “ solvate.” 


Addendum. Composition. Colour. 
Ethyl alechol C,,H,,0,N,C,H,O purplish-black 
Ethyl acetate a »4C,H,O, bluish-black 


dome C,H, almost black 

.4C,H, puce 

f bright red 

Chloroform ,CHCI, \indigo-blue 
n-Dinitrobenzene ” ,C,H,(NO,). reddish-violet 
):4: 6-Trinitrotoluene . ,2C,H,(NQO,)s; reddish-brown 
p-Benzoquinone : Cy H 102 greenish-black 
Benzene and acetic acid O.N,4C oe ICH, O §indigo-blue 
Phenol O.N,C,H,"OH bluish-black 
Phenanthrene »3C His emerald green 
Fluorene 4 bright green 
Fluorene and methy! alcohol ss 3c LH, .CH, ‘OH dark red 
Carbazole ’ {C,eH,N crimson 


p-Dimethylaminobenzaldehyde * ,C,H,,ON light lie 

pp’-T'etramethyldiaminodistyryl Keione—The presence of this 
substance in the condensation reaction mixture can only be 
weounted for by assuming a complete scission of part of the 
-hydroxystyryl methyl ketone. In support of this, Decker and 
Felker (Ber., 1908, 41, 2997) have shown that both 2 : 2’-dihydroxy- 
listyryl ketone and o-hydroxystyryl methyl ketone, when treated 
vith alkali in the heat, are readily hydrolysed to salicylaldehyde 
ad acetone. We have confirmed this, and find, further, that 
-hydroxystyryl methyl ketone is broken up even by cold alkali of 
noderate concentration, the constituents then largely recombining 
0 give 2: 2’-dihydroxydistyryl ketone, which crystallises out in 
the form of its sparingly soluble sodium salt. We have further 
seertained that, under similar conditions, p-dimethylaminostyry]l 
nethyl ketone gives the corresponding symmetrical pp’-tetra- 
uethyldiaminodistyryl ketone. A somewhat different type of 
raction is to be recorded in the formation of pp’-dimethoxydistyryl 
istone by the interaction of o-hydroxystyry! methyl ketone with 
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anisaldehyde in the presence of alkali. Finally, a saturated alcoholic 
solution of the p-dimethylaminobenzaldehyde additive compound, 
when left to stand in the presence of alkali, readily yields both 
pp -tetramethyldiaminodistyryl ketone and the substance melting 
at 200°. These reactions seemingly follow the ordinary laws of 
mass action, the tendency in all cases being towards the formation of 
the corresponding symmetrical and usually less soluble derivative 
or its salt. 

Compound Melting at 200°.—As this compound can readily be 
broken down by means of dilute aqueous alcohol in the heat into 
the hydroxy-ketone (m. p. 154°) and salicylaldehyde, experiments 
were accordingly undertaken to synthesise it directly from its 
constituents. By crystallising the free hydroxy-ketone from 
salicylaldehyde, deep red prisms, melting unsharply at 135°, are 
formed, which contain one-half molecule of salicylaldehyde. On 
the other hand, from an alcoholic solution of molecular proportions 
of the constituents, in presence of aqueous alkali, the compound 
melting at 200° separates out. This substance invariably contains 
sodium, but despite innumerable experiments having been carried 
out, no absolutely definite stoicheiometric relationship between 
the sodium and the other constituents has been established. 
Specimens of the product repeatedly recrystallised from absolute 
alcohol give analytical results which point to a compound containing 
one atom of sodium combined with one molecule of the hydroxy- 
ketone and one-half molecule of salicylaldehyde. That the produc- 
tion of this compound is not due to simple salt formation with the 
hydroxyl group of the salicylaldehyde is readily proved by the 
formation of completely analogous compounds from benzophenone. 
In absence of alkali, an additive product, melting between 137° 
and 143°, containing one-half molecule of benzophenone, is pro- 
duced, whereas if sodium hydroxide is present a product which 
melts at 197° and contains approximately one atom of sodium in 
addition to the benzophenone is obtained. We are of the opinion 
that in these two compounds the sodium atom forms part of the 
inner complex (Formula VI), and that by its presence the salicyl- 
aldehyde or benzophenone addendum becomes more firmly 
attached. It is interesting to note that no sodium salt of the 
hydroxy-ketone itself has been isolated. 

4’- Dimethylamino-2-methoxydistyryl Ketone.—In order to determine 
whether the outstanding properties of the hydroxy-ketone wer 
due solely to substitution in the ortho-position or also to the specifi¢ 
properties of the hydroxyl group, the corresponding methyl ether 
was prepared. This substance, which can be obtained both in red 
and yellow forms melting at 95°, differs essentially in properties 
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from the hydroxy-ketone, no longer possessing the power of forming 
additive products with solvents, aldehydes, p-benzoquinone, etc. 
On the other hand, it is still capable of combining with substances 
containing strongly negative groups, such as the polynitro-com- 
pounds. 

It is thus evident that the primary cause of the enhanced activity 
exhibited by the hydroxy-ketone is directly due to the presence of 
the hydroxyl group. In attempting to arrive at an explanation 
concerning this, the possibility of attributing different structures 
to the free ketone and the methyl ether was considered, for it is 
obviously easy to imagine a rearrangement of the ortho-substituted 
hydroxy-compound either into benzopyrylium bases or into an open- 
chain ortho-quinonoid derivative, as indicated by the following 
formule : 


4 / — 
i || ] 
Wop -7 C-CyHyCgHyNMe, \ A o- JG CoHyCgHyNMe, 
OH 


OH 
(II.) (III.) 


TN Jr Nn PEELE OR Mi, 


li | 
Wo /0 Cate CoH a NMez \4 No 
| 
OH 


(IV.) (V.) 


Of these, II, III, and IV can be immediately rejected as not 
harmonising with the experimental results recorded in our second 
communication, where it is shown that the ketone forms both a 
hydroxylamino-derivative and a hydroxylamino-oxime (this vol., 
p. 1515). Similarly, V would be expected to yield only the normal 
oxime, but even if such a formula did actually represent the structure 
of the hydroxy-ketone, the difficulty would still remain, for a spectro- 
graphic examination of the two substances in alcoholic solution has 
shown that, in solution, at any rate, they possess identical structure, 
both having very similar absorption spectra with two well-defined 
bands at 1/A = 2300 and 3546p. An explanation must therefore 
be sought in other directions, and this we suggest may be found by 
taking into account, not alone the neutralisation processes advanced 
by Borsche (loc. cit.), but also the effect of such on the central 
carbonyl group of the crossed conjugated system. According to 
Pfeiffer’s theory of halochromy (Annalen, 1910, 376, 285; 1911, 
383, 92), the more the residual affinity of the carbonyl oxygen 
atom is neutralised, the more pronounced becomes the unsaturation 
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on the carbon atom of this group. Hence, if for any reason, in 
p-dimethylaminodistyryl ketone (I), that portion of the residual 
affinity on the carbonyl oxygen atom not used up in the first complex 
ring formation were to become neutralised, more free affinity would 
appear on C(3). This process, we suggest, takes place in 4’-dimethyl. 
amino-2-hydroxydistyryl ketone through the formation of a second 
ring system involving the hydroxyl group and carbonyl oxygen 
atom (V1), 


Lo @ & @ 


‘No 


(VII.) 


as a result of which the conjugated linking between C(3) and C(2) 
becomes intensified * at the expense of the ethenoid linking between 
C(2) and C(1). The final effect of this is to enhance to a very high 
degree the free affinity on the external atom, C(1), of the conjugated 
system and it is at this unsaturated centre that we consider addenda 
become attached in the first place. A similar conclusion has been 
drawn by Reddelien (J. pr. Chem., 1915, [ii], 91, 213) from his 
study of the additive products of nitric acid and various aldehydes 
and ketones. Thus, whilst benzaldehyde nitrate (A) is very u- 
stable, the nitrate of cinnamaldehyde (B) is comparatively stable 
on account of the intensified partial valency. 


C,H;—CH=0—HNO,  C,H,;—CH=CH—CH=0 
Y H HNO; 
(A.) (B.) 


It has frequently been observed that where inner complex formation 
is possible the effect only becomes fully operative on the replacement 
of hydroxyl hydrogen by a metallic atom such as sodium. The 
action of alkali on 4’-dimethylamino-2-hydroxydistyryl ketone may 
also be interpreted as an intensification of the co-ordinated system, 
whereby a still higher degree of unsaturation is attained, with 
consequent greater stability of the partial valency additive products. 

As regards the formation of a heterocyclic ring containing eight 
atoms, which assumption is a necessary deduction from ou! 
postulates, Werner (Ber., 1908, 41, 1062), in the development of 


* The effect does not act between C(3) and C(4), as this whole system is # 
a@ state of equilibrium, 
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his theory of mordant colours, suggests that the inability of phenyl 
hydroxystyryl ketone to form lakes with metallic bases is due 
to the difficulty of obtaining complex ring formation in systems in 
which more than six atoms are involved. It seems to us, however, 
that in a system where actually only five carbon atoms are involved 
this difficulty is more apparent than real, for it is quite conceivable 


that the grouping —O O-— approximates spatially to but one 
carbon atom. The ready transformation of 2 : 2’-dihydroxy- 
distyryl ketone (VIII), on warming, into dibenzospiropyran (IX) 
(Decker and Felser, loc. cit.) would seem to support this view of 
close grouping. 


, ie 

/ \\CH:CH-C-CH:CH“ N ain f ell ell 

\ /oH Oo HO\ 7 al TR ae 
(VIII) (IX.) 


In the case of the methyl ether (VII) the valence distribution is 
substantially altered, the methoxy-group having no effect on the 
carbonyl oxygen atom, which consequently still retains a certain 
degree of free residual affinity, enabling the normal reactions of 
that group to become operative. In the same way, that the external 
carbon atom, C(1), although not possessing sufficiently enhanced 
free affinity to form subsidiary valence products with all addenda, 
is nevertheless capable of reacting in favourable circumstances, is 
evident from the formation of the additive compounds with dinitro- 
and trinitro-benzene. It is reasonable to assume that in solution 
4’-dimethylamino-2-methoxydistyryl ketone is actually present as a 
solvate additive product. 

This investigation is being extended in other directions, such as 
the examination both of the pyranol salts and the metallic com- 
plexes. At the same time, work is being continued with other 
ketones and aldehydes with the view of obtaining evidence of the 
effect of different substituents in the benzene nuclei. 


EXPERIMENTAL 


4’. Dimethylamino-2-hydroxydistyryl Ketone + p-Dimethylamino- 
benzaldehyde, 
OH-C,H,-CH:CH-CO-CH:CH-C,H,NMe,,C,H,(NMe,)-CHO. 


An alcoholic solution containing 16 grams (1 mol.) of o-hydroxy- 
styryl methyl ketone and 22 grams (1-5 mols.) of p-dimethylamino- 
benzaldehyde was treated with 80 c.c. of 10 per cent. sodium 
hydroxide (2 mols, of NaOH). The solution, which immediately 
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acquired a blood-red colour, was kept at room temperature for 
two to three days and then diluted to 4000 c.c. with water. The 
brick-red, flocculent precipitate which gradually separated was 
filtered off and purified by crystallisation from absolute alcohol, 
The substance was obtained in thick, brick-red prisms, melting with 
vigorous decomposition at 143°. It is moderately soluble in methy| 
or ethyl alcohol or ethyl acetate, but is decomposed by benzene, 
chloroform, or ether. The yield obtained by the above method 
equals the weight of the dimethylaminobenzaldehyde taken, and is 
higher than that obtained when any other proportions of the con. 
stituents are used. The same product can also be obtained in 
shorter time, but in decreased quantity, by carrying out the reaction 
at 40—50°. 

The Yellow Modification —This modification can be obtained by 
very gradual dilution with water of an alcoholic solution of the 
ordinary red variety. It has also been observed in certain prepara- 
tions on dilution of the original condensation mixture, but in this 
state it rapidly passes into the red, chromotropic form (Found: 
C=758; H=69; N=63. C,.H,,0,N,C,H,,ON requires 
C = 76-0; H= 6-8; N = 63 per cent.). 


4’-Dimethylamino-2-hydroxydistyryl Ketone. 


This ketone is exceedingly difficult to obtain in the free state, 
as it very tenaciously retains traces of solvent. It can be best 
prepared by heating the alcohol additive product for four hours at 
100° or by triturating the benzene additive product with dry ether. 
Various other methods, such as recrystallisation from ethyl aceto- 
acetate or precipitation of an ethyl acetate solution with heptane, 
also produce comparatively pure specimens of the hydroxy-ketone, 
although not entirely free from solvent. From the alcohol additive 
product it is obtained as a dull crimson powder melting with violent 
decomposition at 154°. From the benzene additive product, a 
light brick-red powder is formed, whereas from ethyl acetoacetate 
it crystallises in tiny, brilliant scarlet crystals. Black nodules 
giving a red streak are obtained from ethyl acetate solution by 
means of heptane. These different varieties show a distinct varia- 
tion in activity; thus, whereas the free compound from ethyl 
acetoacetate readily unites in alcoholic solution with p-dimethyl- 
aminobenzaldehyde, the black modification, under similar conditions, 
does not react (Found: in product from alcohol, N = 4-79; in 
product from ethyl acetoacetate, N = 4-83; in product from ethy! 
acetate, C=77:4; H=6-8. C,,H,,O,N requires C= 77%; 
H = 6-5; N = 4-78 per cent.). 
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The ketone dissolves in concentrated sulphuric acid with a deep 
red colour. On warming with concentrated hydrochloric acid, a 
red solution first forms, which rapidly changes to greenish-yellow. 
On gradual dilution of this solution with water, very pronounced 
colour phenomena are observed, the solution first becoming emerald 
green, then intensely violet, and finally deep indigo-blue. These 
colour phenomena, which are undoubtedly associated with the 
formation of benzopyrylium salts, are at present under investigation. 

The acetyl derivative is readily prepared by warming the hydroxy- 
ketone with acetic anhydride for two hours and pouring the dark 

n solution into ice-water. On careful neutralisation with 
dilute alkali, the acetyl compound is precipitated and is finally 
purified by crystallisation from acetone. It forms well-defined, 
bright-red prisms melting at 153°, and differs essentially from the 
free hydroxy-ketone, no longer possessing the power of forming 
additive compounds with either solvents or aldehydes (Found : 
N= 4-32. C,,H,,0,N requires N = 4-18 per cent.). 


o-Methoxystyryl Methyl Ketone, OMe-C,H,°CH:CH-COMe. 


This ketone was prepared with the intention of condensing it 
with p-dimethylaminobenzaldehyde to form 4’-dimethylamino- 
2-methoxydistyryl ketone. Harries (Ber., 1891, 24, 3180) failed to 
obtain this compound, but we have found that it may readily be 
prepared either by direct methylation of o-hydroxystyryl methyl 
ketone with methyl sulphate in aqueous alkaline solution or by 
condensing o-methoxybenzaldehyde with acetone according to 
Claisen’s method. It forms pale yellow leaflets, m. p. 50°, b. p. 
184°/10 mm. The oxime melts at 127° (Found: N = 7-35. 
C,,H,,0,N requires N = 7-34 per cent.). 


4’. Dimethylamino-2-methoxydistyryl Ketone, 
OMe-C,H,°CH:CH-CO-CH:CH-C,H,-NMe,. 


This compound could not be prepared either by condensation of 
o-methoxystyryl methyl ketone with p-dimethylaminobenzaldehyde 
or by direct methylation of 4’-dimethylamino-2-hydroxydistyryl 
ketone under ordinary conditions. It was ultimately obtained, 
however, in good yield by carrying out the methylation in acetone 
solution. 18:5 Grams of the benzene additive product, dissolved 
in the minimum quantity of hot acetone, were treated with 25 c.c. 
of 10 per cent. sodium hydroxide solution and 8-3 grams (1 mol.) 
of methyl sulphate added in one lot. The mixture was heated for 
five minutes and then diluted with water to 500 c.c., when orange 
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nodules gradually separated. The substance crystallises from 
absolute alcohol in beautiful bright-red prisms melting at 95—9¢°, 
It is moderately soluble in most organic solvents and, as in the case 
of the acetyl derivative, it separates from these without solvent 
addenda. Although the ether cannot be induced to unite with 
either p-dimethylaminobenzaldehyde or salicylaldehyde, it combines 
readily with polynitro-hydrocarbons to yield similar additive 
products to those obtained from the parent substance. It dissolves 
in both concentrated sulphuric acid and hydrochloric acid with a 
red colour, which becomes green on dilution, but the intense colour 
changes exhibited by the parent substance do not occur. 

The Yellow Modification —On rapid recrystallisation from hot 
ethyl acetate, the ether is obtained in long, pale yellow needles 
having the same m. p. as the red form (Found: N = 4:5). 
CyoH,,0,N requires N = 4-56 per cent.). 


Additive Products of 4’-Dimethylamino-2-hydroxydistyryl Ketone. 


The general methods employed for the preparation of the additive 
compounds are : 

(1) When the addendum is a molecule of a solvent, one of the 
other additive products (the benzene or chloroform compounds 
were generally employed) is crystallised from the required solvent, 
the process being repeated where necessary. 

(2) Where the required addendum is a solid substance, the 
necessary proportions of each component are dissolved together in 
the minimum quantity of hot ethyl alcohol and the solution left to 
crystallise. 

Unless otherwise stated, the melting point is the same as that of 
the free ketone. 

Ethyl Alcohol_—C,,H,,0,N,C,H,O. This compound crystallises 
as large, purplish-black aggregates of leafy prisms, with a brick-red 
streak (Found: N = 4-08. Calc., N = 4-13 per cent.). 

Ethyl Acetate-—C,,H,,0,N,3C,H,O,, steely black, glistening 
crystalline mass (Found: N = 4-19. Cale., N = 4-17 per cent.). 

Benzene.—C,,H,,0,.N,C,H,. To obtain this compound it is 
necessary to crystallise the hydroxy-ketone slowly from a dilute 
benzene solution. It consists of well-formed, almost black, tapering 
prisms (Found: N = 3-73. Cale., N = 3-78 per cent.). 

The compound C,,H,,0,N,4C,H,, which forms a puce-coloured, 
crystalline powder, is obtained by boiling the p-dimethylamino- 
benzaldehyde additive compound with benzene (Found : C = 792; 
H = 6:8. Cale., C = 79-5; H = 6-6 per cent.). 

Chloroform.—C,yH,,0,N,CHCl,.—Red form :—Bright red leaflets 
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with a faint green lustre. This is the isomeride usually obtained 
from chloroform, in which, however, it is only sparingly soluble 
(Found: N = 3-43. Calc., N = 3-41 per cent.). 

Blue form :—This modification consists of small indigo-blue 
crystals, and is obtained by rapidly precipitating, with vigorous 
scratching, a solution of the hydroxy-ketone in alcohol and chloro- 
form, with light petroleum. It turns bright red at about 100° and 
reverts to the red modification without change in weight when 
exposed to chloroform vapour (Found : N = 3-48. Calc., N = 3°41 
per cent.). 

m-Dinitrobenzene.—C, gH ,gO.N,C,H,(NO,)., reddish-violet prisms, 
m. p. 121—122° (Found: N = 9-10. Calc., N = 9-11 per cent.). 

s-T'rinitrobenzene.—C 9H ,g0.N,2C,H,(NO,)3, almost black needles 
giving a maroon-coloured streak. M. p. 180° (Found: N = 13-68. 
Cale., N = 13-64 per cent.). 

2:4- Dinitrotoluene. —C, gH,g0,N,C;H,(NO,),, reddish - violet 
prisms, m. p. 120—121° (Found: N= 8-5. Cale., N = 8-8 per 
cent.). 

2:4: 6-Trinitrotoluene—C,,H,,0,N,2C,H,;(NO,),, soft, reddish- 
brown aggregates, m. p. 132° (Found: N = 13-07. Calc., N = 13-1 
per cent.). 

p-Benzoquinone.—C,,H,,0.N,C,H,O,, small, — greenish-black 
needles with a violet-black streak. It softens at 118° and melts 
completely at 144—145° (Found: C= 748; H=6-1. Cale., 
C= 74-8; H = 5-7 per cent.). 

Acetic Acid + Benzene.—2C,,H,,0,N,3C,H,,3C,H,O,. This com- 
pound is prepared by recrystallising the benzene additive product 
from benzene containing 20 per cent. of glacial acetic acid. The 
additive complex separates from the dark emerald-green solution 
in glistening, indigg-blue prisms (Found: C = 76-8; H = 6:8; 
N=4-45. Cale., C = 76-9; H = 66; N = 4:3 per cent.). 

Phenol.—C gH ,,0,N,C,H,-OH. This substance is formed by 
crystallising a solution of the components from a mixture of absolute 
alcohol and light petroleum. It forms large, well-defined, bluish- 
black, rhombic prisms, red in transmitted light, and gives a dull 
ted streak. The melting point is indefinite, 120--140°, according to 
the rate of heating (Found: C = 77-5; H = 6-6. Calc., C = 77-6; 
H = 65 per cent.). 

Phenanthrene.-—C,gH,g0.N,3C,,H yo, emerald green prisms with 
greenish-black streak. M. p. 122° (Found: C = 81:3; H = 6-4. 
Cale., C = 81-6; H = 6-3 per cent.). 

Fluorene.—C,gHg0,N,3C,3H 9. This product is precipitated 
from the alcoholic solution by means of light petroleum and vigorous 
scratching. It forms bright green crystals with a violet-black 
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streak. M. p. 126° (Found: C = 81:3; H= 6-5. Calc.,C = 814; 
H = 6-4 per cent.). 

Fluorene + Methyl Alcohol.—C,,H,,0.N,$Cj3Hy9,CH,°OH. The 
compound is obtained by evaporating an ethyl acetate solution of 
the solid components to dryness and recrystallising the residue from 
methyl alcohol. It forms beautiful, dark-red prisms softening at 
85° and finally melting at 127° (Found: C= 77:7; H=74. 
Cale., C = 77-9; H = 6-9 per cent.). 

Carbazole.—C,,H,,0.N,C,.H,N, crimson crystals melting at 146° 
(Found: N = 6-13. Calc., N = 6-08 per cent.). 

p-Dimethylaminobenzaldehyde.—C,H,gO.N,CgH,,ON. This com- 
pound, which is readily prepared by the general method, melts at 
143° and is identical in every respect with that already described. 

Anisaldehyde.—C,,H,,0,.N,}C,H,O,, dark purplish-black plates 
with unsharp melting point, 150—154°, and the same violent 
decomposition as the free ketone (Found: N=41. Cale. 
N = 3-9 per cent.). 

Salicylaldehyde.—C,,H ,,0.N,4C;H,O,. This additive product is 
obtained by employing the aldehyde as solvent and allowing the 
solute to crystallise out. It forms small, deep-red prisms softening 
at 100° and melting finally at 135° (Found: C = 75-9; H = 6%. 
Calc., C = 76:2; H = 6-2 per cent.). 

Salicylaldehyde-Sodium Complex.—-When molecular proportions 
of the hydroxy-ketone and salicylaldehyde are dissolved in absolute 
alcohol and one molecular proportion of a concentrated solution of 
sodium hydroxide is added, a red solid rapidly separates. By 
crystallisation from an alcohol-light petroleum solution, the com- 
pound is obtained as a very characteristic mass of felted, orange 
needles which melt at 200°. Analysis of this compound, which 
contains from 2—4 per cent. of sodium, does not reveal any very 
exact stoicheiometric relationship between metal, ketone, and 
aldehyde, although the sodium content agrees comparatively well 
with that of a compound of the formula C,,H,,0,NNa,}C,H,0. 
Repeated recrystallisation from the above solvent mixture brings 
about a gradual decrease in the sodium content, a progressive 
lowering of the melting point also being observed. 

If absolute alcohol alone is employed as crystallising medium, 
well-formed, brick-red prisms which melt sharply at 196° are 
obtained. Further recrystallisation of these from absolute alcohol 
produces no depression in the melting point. 

The compound is insoluble in water and is readily decom- 
posed by boiling dilute alcohol, the free ketone being regenerated 
(Found: in the prismatic material, Na = 3-6; N = 374, 
C,,H,,0,NNa,3C,H,O, requires Na = 3-2; N = 3-84 per cent.). 
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Benzophenone.—C 9H 4405,4C,3H, 90, dark red crystals with a 
distinct blue reflex. M. p. 137—143° (Found: C = 76-5; H = 6:8. 
(ale. C = 76-7; H = 6-9 per cent.). 

As it was thought that possibly the sodium of the salicylaldehyde 
additive product had replaced the hydrogen of the phenolic hydroxyl 
group of the aldehyde, similar experiments were carried out with 
benzophenone in place of salicylaldehyde. After the addition of 
the alkali, the mixture rapidly solidified to a crimson mass of felted 
needles, which were first recrystallised from absolute alcohol and 
then from a mixture of alcohol and light petroleum. The product 
forms soft masses of felted orange needles, very similar in appear- 
ance to the salicylaldehyde-sodium additive product. It melts at 
197°, which is almost the same temperature as the m. p. of the 
salicylaldehyde product. Results of analysis indicate that the 
sodium content approximates to one atom, calculated for 
(gH, ,0,NNa,C,,H,,O0 (Found: Na=49; N= 3-39. Calc., 
Na= 5-7; N = 3-36 per cent.). Owing to the great difficulty of 
purification, it seems almost impossible to get concordant results 
with different specimens, as the sodium content can vary within 
wide limits, and this noticeably influences the character of the 
product. It would seem to be definitely established, however, that 
we are dealing here with a novel type of compound, which we hope 
to investigate in detail, and also the effect of other metals. 

Curiously enough, no additive products could be obtained with 
naphthalene, anthracene, or s-trinitroanisole. Compounds, which 
were not further investigated, were formed with /-pinene, aniline, 
pyridine, 8-naphthylamine, and numerous other substances. 


Additive Products of 4’-Dimethylamino-2-methoxydistyryl Ketone. 


n-Dinitrobenzene.—CygH,,0.N,C,H,(NO,)., small, dull-red, pris- 
matic needles, m. p. 78° (Found: N = 8-9. Calc., N = 8-85 per 
cent.), 

8-Trinitrobenzene. — CygH,,O.N,2C,H(NO,)s, reddish - purple 
needles with characteristic bronze reflex. M. p. 148° (Found : 
Y= 13:5. Cale., N = 13-4 per cent.). 


Fission of Substituted Styryl Methyl Ketones. 


0-Hydroxystyryl Methyl Ketone (Harries, Ber., 1891, 24, 3180).— 
our grams of the ketone, dissolved in 12-5 c.c. of absolute alcohol, 
vere treated with 4 c.c. (2 mols.) of 50 per cent. sodium hydroxide 
‘lution. After two days 1-1 grams of the sodium salt of 2 : 2’-di- 
lydroxydistyryl ketone were isolated. The salt was decomposed 
tid the free ketone identified by its reactions and by the melting 
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point after admixture of a specimen prepared according to Decker 
and Felser’s method (loc. cit.). 

p-Dimethylaminostyryl Methyl Ketone-—From this substance, 
proceeding in an analogous manner, pp’-tetramethyldiaminodi. 
styryl ketone, m. p. 193°, was isolated; it was identified by the 
melting point of its mixture with a specimen prepared according to 
Sachs and Lewin (Ber., 1902, 35, 3576). 

pp’-Dimethoxydistyryl Ketone from o-Hydroxystyryl Methyl Keton 
and Anisaldehyde——Four grams (1 mol.) of o-hydroxystyryl methyl 
ketone and 6-2 grams (2 mols.) of anisaldehyde, dissolved in the 
minimum quantity of absolute alcohol, were treated with 7 c.c. of 
a 50 per cent. solution of sodium hydroxide (3 mols.). After five 
days, 1-4 grams of almost colourless leaflets were filtered off and 
identified as the above compound by comparison and by the melting 
point of its mixture with a specimen obtained by Baeyer and 
Villiger’s method (Ber., 1902, 35, 1191). It is interesting to note 
that, starting from p-methoxystyryl methyl ketone and salicyl- 
aldehyde, only resinous matter is produced. Similar results were 
obtained from p-methoxystyryl methyl ketone itself in presence of 
alkali. 

pp’-T'etramethyldiaminodistyryl Ketone from  o-Hydroxystyryl 
Methyl Ketone and p-Dimethylaminobenzaldehyde.—Sixteen grams 
of o-hydroxystyryl methyl ketone (1 mol.) and 15 grams of the 
aldehyde (1 mol.) were dissolved in 170 ¢.c. of absolute alcohol, and 
80 c.c. of 10 per cent. aqueous sodium hydroxide (2 mols.) added, 
The mixture was kept for eight days at room temperature in cold 
weather. The red needles which had then separated were filtered 
off, and after crystallisation from alcohol-acetone mixture identified 
by the melting point and by analysis as pp’-tetramethyldiaminodi- 
styryl ketone; the yield was 5 grams (Found: C = 78:5;H = 74; 
N = 8-7. Calc., C= 78-7; H = 7-5; N = 8-6 per cent.). 

pp’-T'etramethyldiaminodistyryl Ketone from the Additive Com- 
pound of 4’-Dimethylamino-2-hydroxydistyryl Ketone and p-bi- 
methylaminobenzaldehyde.—A saturated alcoholic solution containing 
4 grams of the additive compound was mixed with 2 c.c. of 50 per 
cent. sodium hydroxide. After six days, 1-5 grams of a mixture d 
pp’-tetramethyldiaminodistyryl ketone and a small quantity 
the salicylaldehyde-sodium complex of the hydroxy-ketone wer 
isolated. 


Condensation of p-Dimethylaminostyryl Methyl Ketone 
with Salicylaldehyde. 


This condensation was carried out in the hope of arriving at 4 
more convenient method for the preparation of the hydroxy-ketoue 
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The reaction proved, however, to be very slow and was complicated 
by the slight solubility of the reactants. A considerable quantity 
of tar was invariably produced, from which only small quantities 
of the hydroxy-ketone melting at 154° were isolated, together with 
pp'-tetramethyldiaminodistyryl ketone. 


In conclusion, we wish to express our appreciation of the interest 
taken in this work by Professor E. C. C. Baly, F.R.S., and to thank 
him for placing his spectrophotometer at our disposal. We also 
desire to acknowledge our indebtedness to the Advisory Council for 
Scientific and Industrial Research for a grant which has enabled 
this research to be undertaken. 
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CLXXVITI.—The Reactivity of Doubly-conjugated Un- 
saturated Ketones. Part II. The Action of 


Hydroxylamine, Semicarbazide, and  Phenyl- 
hydrazine on 4'-Dimethylamino-2-hydroxydistyryl 
Ketone and its Methyl Ether. 


By Istpor Morris HEILBRON and JOHANNES SYBRANDT Buck. 


It has been shown in the preceding paper that the high degree 
of reactivity exhibited by 4’-dimethylamino-2-hydroxydistyryl 
ketone may be satisfactorily explained by assuming inner complex 
formation involving the carbonyl oxygen atom and the hydroxyl 
group, the effect of this being to enhance the free residual affinity 
of the external carbon atom of the conjugated system included in 
the complex. In the present paper, further evidence is adduced 
strongly supporting this hypothesis. 

Action of Hydroxylamine-—By the action of hydroxylamine 
hydrochloride upon the hydroxy-ketone in presence of excess of 
calcium carbonate in the cold, a bright red, labile additive pro- 
duct (I), analogous to the solvates already described, can be 
isolated. This additive compound very readily loses its hydroxyl- 
amine addendum, with formation of the free ketone. If, however, 
more vigorous methods are employed, such as heating the reactants 
in concentrated alkaline solution for a short time, in place of the 
labile additiye product, the true hydroxylamino-derivative (II) is 
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produced in the form of almost colourless needles melting at 218°, 
Finally, an hydroxylamino-oxime (III) can be prepared by the 
action of hydroxylamine acetate on the ketone in the cold, but 
whereas the first two substances are rapidly prepared, this com. 
pound requires several days for its formation. With the methyl 
ether, on the other hand, only an hydroxylamino-oxime is produced. 
It is thus evident that the reaction takes place in successive stages, 
the first being labile addition by means of subsidiary valence 
linkings, followed by the strengthening of the partial linkings, 
finally resulting in the disruption of the double bond. Once this 
has taken place, the doubly conjugated system has ceased to exist, 
and, with it, the anomalous behaviour of the carbonyl group also 
vanishes, and consequently an oxime of the hydroxylamino-con- 
pound is obtained. It is likewise assumed that the reaction with 
hydroxylamine acetate follows the same course, as illustrated by 
the scheme : 


Action of Semicarbazide.-—-The action of this base upon the hydroxy- 
ketone in presence of pyridine or of semicarbazide acetate itself 
results in the direct formation of a semicarbazido-semicarbazone, 
no intermediate compounds having been isolated. During the 
course of this investigation an interesting paper by Auwers has 
appeared (Ber., 1921, 54, [B], 987) in which it is pointed out that 
the conclusions arrived at by Rupe and his collaborators (Ber, 
1903, 36, 1903; 1907, 40, 4764), that it is only in the aliphatic 
group that semicarbazido-semicarbazones are obtainable, must: be 
modified. Auwers, starting from phenyl propenyl ketone, p-anisy! 
propenyl ketone, and p-methoxy-o-tolyl propenyl ketone, readily 
obtained semicarbazido-semicarbazones, and concluded that whereas 
ketones of the type (A), probably owing to their spatial configura 
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tion, could only form semicarbazones, ketones of the type (B) 
examined by him, where the inhibiting influence of the phenyl 
up was removed, were not so restricted. 

(A) C,H,-CH:‘CH-COR (B) C,H,;-CO-CH:CHR (R = aliphatic 
group). 

It is evident, however, from the above, that even compounds 
containing the ethylenic double bond adjacent to the phenyl group 
can, under certain conditions, react to yield semicarbazido-semi- 
ecarbazones. Such a condition would be the strengthening of the 
necessary subsidiary valencies, which effect occurs, according to 
our postulate, in 4’-dimethylamino-2-hydroxydistyryl ketone. 
That, however, the addition of semicarbazide to an ethylenic linking 
under normal conditions takes place with more difficulty than the 
addition of hydroxylamine is illustrated by the action of 4’-dimethyl- 
amino-2-methoxydistyryl ketone, which only forms a simple semi- 
carbazone. We regard this as a direct proof both of the presence 
of increased free valency on carbon atom C (1) and that the carbonyl 
group of the hydroxy-ketone remains inoperative until the complex 
partial valency system has been fundamentally altered by addition 
at the double bond. 

Action of Phenylhydrazine—A phenylhydrazone is obtained by 
the action of this base on either the hydroxy-ketone or its methyl 
ether. That, however, this is in no way contrary to the views 
just expressed is indicated by the fact that the reaction only takes 
place in presence of excess of pyridine, and that the phenylhydrazone 
contains, especially in the case of the hydroxy-ketone, one molecule 
of pyridine firmly attached. It is evident that the pyridine first 
forms a “ solvate’’ with the ketone, analogous to the action of 
hydroxylamine in the formation of the hydroxylamine additive 
product, and that this occasions a rupture of the ring system, 
which then reacts to yield the phenylhydrazone—pyridine compound 
in the ordinary manner. Numerous experiments were carried out 
with the object of obtaining phenylhydrazine derivatives in the 
absence of pyridine, but without success, as oils which could not 
be purified invariably separated out. There can, however, be 
little doubt that such oils actually contained the phenylhydrazino- 
additive product analogous to the hydroxylamino-compound. 


EXPERIMENTAL: 


Additive Product of 4’-Dimethylamino-2-hydroxydistyryl Ketone with 
Hydroxylamine, OH*C,H,*CH:CH-CO-CH:CH-C,H,'NMe,,NH,°OH. 


_ 28 Grams of the ketone (benzene additive product) were treated 
M alcoholic solution with 1-1 grams of an aqueous solution of 
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hydroxylamine hydrochloride, and the mixture, after being 
neutralised with powdered calcium carbonate, was immediately 
filtered. On dilution with water, the additive product rapidly 
separated as bright scarlet flocks, from which the hydroxyl. 
amine addendum was easily removed by keeping over concen. 
trated sulphuric acid (Found: on immediate analysis, N = 8-4. 
C,,H,gO,N,NH,"OH requires N = 8-6 per cent. Found: after 
two days in exsiccator, N = 4-7. (©, 9H,,O,N requires N = 48 
per cent.). 


Hydroxylamino-derivative of 4'-Dimethylamino-2-hydroxydistyryl 
Ketone. 


8-4 Grams of the ketone—chloroform product, dissolved in 15-0 c.c, 
of 30 per cent. potassium hydroxide solution (4 mols.), were treated 
with 5-5 grams of hydroxylamine hydrochloride dissolved in 40 c.c. 
of water, and 20 c.c. of aleohol added to the mixture. The whole 
was boiled for a few minutes, when the solution changed colour, 
becoming orange-yellow. The hydroxylamino-compound rapidly 
separated and was purified by repeated crystallisation from absolute 
alcohol. It forms almost colourless needles, melting with decom- 
position at 218° (rapid heating). It is somewhat sparingly soluble 
in most organic solvents, and is slowly decomposed on boiling with 
hydrochloric acid or aqueous alkali (Found: C = 69-6; H = 69; 
N= 8-5. C,,H,.0,N, requires C = 69-9; H = 68; N = 8-6 per 
cent.). 


Hydroxylamino-derivative of 4’-Dimethylamino-2-hydroxydistyryl 
Ketoxime. 


8-2 Grams of the ketone-chloroform product, dissolved in 50 
c.c. of alcohol, were treated with 3 mols. of hydroxylamine acetate. 
The mixture was allowed to stand for three days, and the hydroxyl- 
amino-oxime precipitated by dilution with water. The dark tarry 
product was repeatedly crystallised from alcohol, after decoloration 
with animal charcoal. It forms pale yellow, silky leaves, which 
darken above 200° and finally melt with decomposition at 212° 
(Found: C= 66-7; H=70; N=12-3. C,,H,,0,N, requires 
C = 66-9; H = 6-7; N = 12:3 per cent.). 


Hydroxylamino-derivative of 4’-Dimethylamino-2-methoxydistyryl 
Ketoxime. 


2-8 Grams of hydroxylamine hydrochloride (4 mols.), dissolved 
in the minimum quantity of water, were added to a solution of 
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31 grams of the methyl ether dissolved in 15 c.c. of pyridine. 
The mixture was kept for five days, and then diluted largely with 
water, when a yellow, oily mass was precipitated. After recrystal- 
ljisation from a mixture of alcohol and pyridine, it was obtained in 
glistening, colourless needles melting at 214°. This compound 
may also be obtained by an analogous method to that employed 
in the preparation of the hydroxylamino-oxime of the hydroxy- 
ketone, a less favourable yield, however, being obtained (Found : 
(=673; H=7:3; N= 11-9. C,9H,,0,N, requires C = 67-6; 
H=7:1; N = 11:8 per cent.). 


Semicarbazide Derivative of 4’-Dimethylamino-2-hydroxydistyryl 
Ketone Semicarbazone, 
NH-NH-CO-NH, 
OH-C,H,°C H-CH,°C(°N-NH-CO-NH,)-CH:CH:-C,H,:NMe,. 


40 Grams of the ketone (chloroform additive product), dissolved 
in 20 c.c. of pyridine, were mixed with 5-0 grams of semicarbazide 
hydrochloride dissolved in 15 c.c. of water, and 15 c.c. of alcohol 
were added in order to form a homogenous solution. After the 
nixture had been kept for two days, the flocculent, slightly red 
precipitate of the semicarbazide-semicarbazone was filtered off, 


and recrystallised from a mixture of aniline and amyl alcohol. It 
forms an almost colourless powder, melting at 218°, which is very 
sparingly soluble in most organic solvents, but is somewhat soluble 
in aqueous pyridine and readily soluble in warm aniline. This 
substance has also been prepared by the usual method with semi- 
carbazide acetate (Found: C= 59-0; H=-69; N = 22°8. 
(,,H,,0,N, requires C = 59-3; H = 6-4; N = 23-1 per cent.). 


Semicarbazone of 4’-Dimethylamino-2-methoxydistyryl Ketone. 


Three grams of an alcoholic solution of the methyl ether were 
mixed with an excess of semicarbazide acetate. After standing 
for two days, the precipitated semicarbazone was filtered off, and 
fred from unchanged methyl ether by washing with boiling 
alcohol. The semicarbazone, after recrystallisation from chloro- 
form, forms brilliant yellow leaves melting at 213° (Found: N = 
153. C,,H,,O,N, requires N = 15-4 per cent.). 


Pyridine Additive Product of 4’-Dimethylamino-2-hydroxydistyryl 
Ketone Phenylhydrazone. 


164 Grams of the chloroform additive product of the ketone 
were dissolved in 50 c.c. of pyridine, and 17 grams (3 mols.) of 
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phenylhydrazine hydrochloride added. The mixture was heated 
for thirty minutes on the water-bath, after which it was kept at 
the ordinary temperature. On cooling, the whole solidified to a 
yellow mass, which was redissolved in a small quantity of pyridine. 
Addition of ethyl acetate caused the separation of a small amount 
of a yellow substance readily soluble in water, but this was not 
further investigated. The ethyl acetate was driven off and the 
residue allowed to crystallise after the addition of alcohol. Ten 
grams of the hydrazone were thus obtained as a yellow, crystalline 
mass melting at 141°. On repeated crystallisation from benzene, 
the melting point gradually rises, which effect must be due to the 
gradual removal of the pyridine, as the substance melting at 141° 
can again be obtained by one recrystallisation from alcoholic 
pyridine. No accurate analytical results could be obtained for the 
compound of higher m. p., but it was indicated that the pyridine 
addendum was being partly replaced by benzene. None of the 
compounds gave the Knorr pyrazoline reaction (Found : C = 78-0; 
H=68; N= 12:1. C,;H,;ON, requires C= 77-9; H = 65; 
N = 12:2 per cent.). 


Phenylhydrazone of 4’-Dimethylamino-2-methoxydistyryl Ketone. 


3-1 Grams of the methyl ether were dissolved in 15 c.c. of pyridine 
and treated with 4-3 grams (3 mols.) of phenylhydrazine hydro- 
chloride. After heating for one hour on the water-bath, a pale 
yellow oil, which rapidly solidified on standing, separated out, 
and was recrystallised from alcohol—pyridine mixture. The phenyl- 
hydrazone forms pale yellow clusters, melting at 127°, readily 
soluble in pyridine, but only slightly soluble in alcohol. The 
results of analysis show this compound to be a pyridine additive 
product (Found : C = 78-0; H = 7-0. CygH,,ON3,C;H;N requires 
C = 78:1; H = 6-7 per cent.). On recrystallising this compound 
from absolute alcohol, the pyridine is removed. The free pheny!- 
hydrazone consists of lemon-yellow prisms melting at 154°. This 
compound, as well as that obtained from the hydroxy-ketone itself, 
exhibits an intense greenish-yellow fluorescence in dilute solution 
(Found : N = 10-7. C,,H,;ON, requires N = 10-6 per cent.). 


In conclusion, we desire to ¢xpress our thanks to the Advisory 
Council for Scientific and Industrial Research for a grant which 
has enabled this investigation to be undertaken. 


DEPARTMENT OF ORGANIC CHEMISTRY, 
Tue UNIVERSITY OF LIVERPOOL. [Received, July 27th, 1921.) 
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(LXXIX.—Surface Tensions of Salts of the Fatty 
Acids and their Mixtures. 


By Eric Everarp WALKER. 


Taosz salts of the fatty acids which are useful soaps lower the 
surface tension of water to an altogether abnormal extent; a study 
of the surface tension of soap solutions is therefore of very special 
interest. ‘The object of the present paper is to examine this property 
under a variety of conditions and thereby to learn something of 
the changes which take place in solution when the temperature or 
concentration is varied or when one soap is wholly or partly 
replaced by another of the same or a nearly related series. 

It was believed that the information so gained would lead 
toa better understanding of the manner in which different soaps 
interact in solution to produce an effect on the surface tension 
which is either greater or less than would be expected from the 
proportions in which the constituents are present. 

The results have to a large extent justified expectations, in that 
a theory primarily advanced in order to explain the manner in 
which surface tension varies with temperature, concentration, 
and the number of carbon atoms, has been found capable of explain- 
ing the behaviour of mixed soaps in solution. 


Measurement of Surface Tension. 


The surface tension was measured with a simple form of dropping 
pipette. It is not claimed that the results obtained are of absolute 
value, and in fact it was found that different pipettes gave different 
results. It is, however, well known that the apparent surface 
tension of soap solutions depends to a very marked extent on the 
exact conditions under which it is determined. All that can be 
claimed is that the conditions were carefully standardised so that 
the results might be of comparative value. The pipette and receiver 
were completely immersed in a constant-temperature bath, necessi- 
tating a simple device outside the water-bath for regulating the 
tate of flow. This consisted of a U-tube connected with the upper 
end of the pipette and fitted with a tap on the longer arm. Water 
was allowed to flow from the longer arm into the shorter at a regulated 
speed, thus allowing the soap solution to flow out of the pipette 
at a similar rate. 

The required quantity of acid was weighed out, dissolved in 
ilcohol, and neutralised with an alcoholic solution of sodium 
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hydroxide. This was evaporated, the residue dissolved in water 
and the solution made up to the required weight. The wate 
used was redistilled and the first and last thirds were rejected, 
The alcoholic sodium hydroxide solution was made up by dissolving 
sodium in alcohol redistilled over lime. All concentrations wer 
expressed in terms of the number of grams of acid per 100 grams 
of solution. 

Solutions made up in this way could be kept unchanged for a 
day or so. If the alcoholic sodium hydroxide solution is made wp 
with ordinary stick sodium hydroxide, progressive rise in the surface 
tension takes place, noticeable after an hour or so. The effect of 
keeping solutions made as described is shown in the following 
table. 

Surface Tension in dynes per cm. 
Laurate. Myristate. Palmitate. 
Fresh solution 29°2 19°8 19°8 
After four hours at 60° 29°2 19°7 19°8 
After twenty-four hours at 60° 29°1 19°5 19-9 
After eight days at room temperature ... 29°9 19°7 20:2 

The soap solution, which had been kept at the required tempera- 
ture for fifteen minutes or longer, was drawn up into the pipette, 
taking care to avoid air bubbles. The regulating U-tube and the 
receiver were then attached and the apparatus was placed in the 
water-bath. Five minutes were allowed to elapse before the determin- 
ation was made, in order that the temperature might become uniform. 

The soap solution was then adjusted to the top mark on the 
pipette, approximately 2 c.c. were run out drop by drop at a rate 
of 20 drops every minute, the flow being stopped at the first complete 
drop after the 2 c.c. mark had been passed. The pipette was 
calibrated to read to 0°01 c.c. between 2°0 c.c. and 21 c.c. The 
volume was then reduced to grams for the purpose of calculation. 

Twenty drops every minute was chosen as the rate of flow. 4 
much slower rate has its advantages, especially in the case of soap 
solutions, but it was considered unsatisfactory in the present 
instance on account of the tendency of moisture to condense 0 
the jet and drop at high temperatures, and of the probability that 
unsaturated soaps would interact with the atmosphere. 

All surface tensions were calculated with reference to the drop 
number of water determined with the same pipette, at the same 
temperature-as that used for the determination of the soap solution. 


Effect of Concentration. 


In this manner the surface tensions of several salts of the fatty 
acids were determined at concentrations varying from 0°005 pé 
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TABLE I. 


Surface Tension at 60° in dynes per cm. 


Concentra- Stearate 
tion. Laurate. Myristate. Palmitate. (impure). Arachidate. 
64°0 64°0 64°2 65°7 — 
61°3 54°7 42°2 52-0 
54°9 39°2 26°6 32°5 
45°9 26°9 21°85 26°7 
41°1 22°5 20°95 24°4 
38°0 21°2 20°5 23°9 
20°3 19°95 
20°6 19°85 
21°2 — 
— 20°7 
23°9 22°3 


26°4 23°65 


Deeeacae 


PITTI TII tt 


cent. to 10 per cent. The standard temperature chosen was 60°. 
The results (mean values) are given in Table I. In Fig. 1 these 
results are represented graphically. The concentration is repre- 
sented by the abscissz and the lowering of the surface tension (water = 
660 dynes/em. at 60°) by the ordinates. 

The palmitic acid was impure. It had the correct equivalent, 
but contained about 7 per cent. of oleic acid and melted at 58—59°. 
The stearic acid was a commercial sample. It contained only 
1'5 per cent. of oleic acid, but about 40 per cent. of palmitic acid. It 
was, however, suited to the present purpose, since the pure soap 
is only soluble to the extent of 0°2 per cent. at 60°. The remaining 
acids were practically pure. With the exception of “ stearic acid,” 
however, they all give a good idea of the general trend of the curve. 
It is interesting to note that this impure soap follows closely the 
contour of the palmitate curve, although it contains a preponderating 
proportion of stearate. This will be referred to later in the section 
on mixtures. The interesting point about these curves is that 
they tend to rise to a maximum and that this maximum is almost 
the same for all soaps the solubility of which is great enough to 
allow the maximum to be reached. This is very suggestive, and 
indicates that at this point the surface layer of all soaps is similar. 
Probably it consists of a stable emulsion containing a high per- 
centage of soap. 

Using carefully purified materials, the initial part of the curve 
Was redetermined. Special care was taken over these determina- 
lions, since it is at these low concentrations that different soaps can 
best: be compared with one another. For instance, it is scarcely 

VOL, OXIx. 3G 
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fair to compare a 0°2 per cent. palmitate solution with a 0-2 per cent, 
laurate solution, since the former has reached its maximum whik 
the latter has not. At a concentration of 0°5 per cent., sodium 
laurate would appear to be more effective than either myristate 
or palmitate. As the tip of the pipette had been damaged, it was 
necessary to use a new one, and as this gave different results from 
the old one, the results are not directly comparable. Two completely 
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independent series 6f measurements were made, except in the cast 
of sodium arachidate, and the mean values are given in Table IL 


TABLE IT. 


Lowering of Surface Tension at 60° in dynes per cm. 


Water — 66:0. Pipette No. 3. 
Concen- n-Octo- n-Deco- Myrist- Palmit- Stear- Arachid- Behet- 
tration. ate. ate. Laurate. ate. ? 
— 4°7 5°4 
91 16°3 
19°3 34°3 
26°7 44°6 
32°8 47°5 
36°2 48°9 


* Single series of determinations only. 
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Curves are plotted in Fig. 2. The interesting part about these 
curves is the first inflection in the early part of the curve, and the 
significance of this will be considered in the section on theory. It 
should be pointed out that sodium stearate does not form a clear 
0'l per cent. solution like sodium myristate and laurate ; the solution 
has at 60° a curious opalescent appearance, due, no doubt, to the 
presence of colloidal particles. Bearing in mind McBain’s work 
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on the proportions in which colloidal soap is present in solution, 
it seems probable that this phenomenon may be due to partial 
hydrolysis, 


Effect of Temperature. 


The temperature coefficients of the surface tensions of pure 
liquids have led to results of great theoretical significance. In 
the case of solutions and mixtures, however, conditions are much 
wore complex and theory has not made much headway. 
Fig. 3 illustrates forcibly the effect of temperature in the case of 
‘dium arachidate. At 60°, it lowers the surface tension only 
3G 2 
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to a very small extent; at 90°, however, the whole contour of the 
curve is altered and becomes similar to that of sodium stearate 
at 60°. 

The full line in the 60° curve represents the behaviour of a. per. 
fectly fresh solution. The dotted line indicates the surface tension 
of a solution which has been kept at a temperature of 60° for some 
time and has partly gelatinised. 


Fic. 3. 
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Fatty acid per cent. 


TABLE ITI. 


Temperature Curves.—Pipette No. 3. 


Myrist- Palmit- Stear- Arachid- Behen- 

Temp. Oleate. Laurate. Laurate. ate. ate. ate. ate. ate. 

01% 05% O1% 01% 01% 01% 01% 01% 

511 51°8 22-0 — — 

50°58 51°55 32°75 : a 

49°4 49°65 35°15 ; 41°3 

47°7 48-0 36°45 A 49°3 

45°15 45°75 32°75 43°25) 47-0 

42°1 41°9 21-9 

T=82-7° 35:1 


In Table III data obtained at various temperatures are recorded, 
and curves are plotted in Fig. 4. In general, the extent to which 
the surface tension is lowered increases to a maximum with the 
temperature, and then decreases. Sodium oleate either shows 00 
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maximum or more probably it is below 15°. In most cases, the 
temperature at which the maximum occurs rises with the molecular 
weight, but the behaviour of sodium laurate is exceptional. At 
a higher concentration (0°5 per cent.), however, the laurate curve 
becomes almost identical with the 0-1 per cent. oleate curve, and 
thus falls more or less into its place. Sodium oleate itself is interest- 
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ing, and differs from all the other soaps at 0°1 per cent. concentration 
in that its efficiency in lowering the surface tension remains high 
over a wide range of temperature. 


Effect of Molecular Weight. 


The manner in which the effect of the salts of the fatty acids 
on the surface tension of water changes from member to member 
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of the series is remarkable when we consider the gradual way in 
which most properties change as an homologous series is ascended. 
Just as in the case of temperature and concentration, the activity 
of the soap rises to a maximum, after which an increase in the mole- 
cular weight is associated with a decrease in the activity of the soap. 
The curves in Fig. 5 show how the effect on the surface tension 
varies with the number of carbon atoms under various conditions. 


Mixed Soaps. 


Solutions of 0°1 per cent. strength were made up as usual and the 
surface tension of these was determined. The solutions were then 
mixed in various proportions and the surface tension of the mixtures 
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Cisiuid pepe tg aa 
8 12 16 20 8 12 16 20 16 20 


Number of carbon atoms in the fatty acid. 


determined. The results are recorded in Table IV. In Fig. 6 
the results are represented diagrammatically by plotting the devi- 
ations from the “‘ mixture law” against the composition of the solu- 
tion. If a series of mixtures follows the ‘‘ mixture law,”’ that is, 
the surface tension of all mixtures is equal to the weighted mean 
of that of the constituents, the curve then becomes a horizontal 
straight line as in the case of palmitate and myristate or palmitate 
and oleate. The majority of mixtures are, however, represented 
by curves falling either above or below this hypothetical line. 


Theoretical. 


It has been shown that molecular weight, temperature, and 
concentration all exert an effect on capillary activity which rises 
to @ maximum and then decreases. From this it would appear 
that there must be some condition of equilibrium between two forms 
of soap present in solution, and that if this equilibrium is disturbed, 
either in one direction or the other, by changes in temperature or 
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concentration (or by substituting another soap of greater or smaller 
molecular weight), the property of lowering the surface tension 
(or interfacial tension) will be greatly diminished or will disappear. 

These facts can be explained and a foundation for the theory 
of soap mixtures laid if we regard soap in aqueous solution as con- 
taining colloidal aggregates or “micelle” in equilibrium with 
simpler molecules. This view has long been advocated by McBain, 
who arrived at this conclusion in order to explain the osmotic 
behaviour of soap solutions in relation to their electrical conductivity. 

It may be assumed with reason that the equilibrium between 
these colloidal aggregates and the simpler molecules is affected by 
temperature and concentration in much the same manner as is the 
equilibrium between complex and simple molecules. 

Thus dissociation is promoted by :— 

increase in temperature, 
decrease in molecular weight, 
decrease in concentration ; 

and association is promoted by :— 
decrease in temperature, 
increase in molecular weight, 
increase in concentration. 

It should be remembered that on account of the lowering of the 
surface tension the solution is more concentrated in the surface 
layer. In the case of those soaps lowering the surface tension to 
a large extent, there must be some circumstance which facilitates 
the concentration of the soap in the surface layer. This is to be 
found in the readiness with which they form complex colloidal 
molecules. According to McBain, there are only immeasurably small 
quantities of colloidal soap in dilute solutions. At the surface, 
however, under the influence of high concentration and high pressure, 
conditions are suitable for the formation of large colloidal aggregates. 
The lowering of the surface tension tends to hold these at the surface 
against their osmotic pressure. This osmotic pressure is, however, 
small and the surface concentration is therefore abnormally great. 

To bring this theory into line with facts, we must assume that 
very large micelle are not so active, weight for weight, in lowering 
the surface tension of soap solutions as those of moderate size. 
Therefore, if the size of the colloidal aggregates is increased beyond 
‘certain limit, there is a falling off of efficiency, even although the 
surface concentration may remain high. Such an assumption is 
teasonable in view of the fact that the special forces active in the 
surface layer only penetrate beneath the surface to an extent 
tepending on the range of molecular action (see Parks, Phil. Mag., 
13, [vi], 5, 517). Therefore, when the colloidal particles reach 

3a* 
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dimensions which are large in comparison with molecular magnitudes, 
a falling off in efficiency must necessarily be expected (Lewis claims 
that emulsions of paraffin in aqueous solution have little or no effect 
on the interfacial tension. Phil. Mag., 1908, [vi], 15, 499). Hence 
we have the following system :— 


Small micelle efficient in) Large micelle inefficient in 
lowering the surface ten- | | lowering the surface ten. 
sion, but difficult to chain | _ sion, but easy to chain 
to the surface on account | | to the surface on account 
of their relatively high | | of their relatively low 
osmotic pressure. . osmotic pressure. 


It may be assumed that the highly efficient soaps, such as palmitate 
and myristate, are those in which surface concentration and specific 
activity are so combined as to give a maximum value. Those of 
lower molecular weight are less efficient because the relatively 
high osmotic pressure of the small micelle hinders the formation 
of a high surface concentration. The higher homologues readily 
form large micelle, which, having a low osmotic pressure, are easily 
adsorbed in the surface layer. Nevertheless, one would expect 
that the surface concentration of stearate, arachidate, and behenate 
would be progressively less than that of palmitate on account of 
the decreased activity of the larger micelle. There is, however, 
every reason to suppose that the surface concentration of these 
soaps is much greater than that of the “ nut oil ” soaps; which lower 
the surface tension to a corresponding extent (see p. 1522). 

Milner (Phil. Mag., 1907, [vi], 13, 96) and Lewis (Phil. Mag., 
1908, [vi], 15, 499; 1909, [vi], 17, 466) examined the relationship 
between surface tension and surface concentration for a variety 
of solutions in the light of Gibb’s theory. Both authors grafted 
on to this theory the assumption that the solutions with which 
they were dealing followed the gas laws, and found that the majority 
of substances were very much more concentrated in the surface 
layer than the theory thus modified would lead them to expect. 
Lewis found that Congo-red was about thirty times and sodium 
oleate about one hundred times more concentrated in the surface 
layer than the theory required. McBain’s work has proved that 
the gas laws cannot be applied to such substances in concentrated 
solution, and their theory was not therefore applicable to these 
cases, for the concentration is high in the surface layer, even although 
small in the body of the solution. Lewis explained the apparent 
discrepancy by assuming that gelatinisation takes place in the surface 
layer. No special hypothesis is required, however, if McBains 
theory of colloidal electrolytes is accepted. 


udes, 
laims 
effect 
fence 


nt in 
» ten- 
chain 
count 

low 


litate 
recific 
se of 
tively 
ation 
vadily 
easily 
Xpect 
enate 
int of 
vever, 
these 
lower 


May., 
ship 
ariety 
rafted 
which 
jority 
urface 
xpect. 
dium 
urface 
| that 
rated 
these 
nough 
yarent 
urface 
Bain’s 


FATTY ACIDS AND THEIR MIXTURES. 1533 


(a) Relationship between Surface Tension and Concentration. 


When the soap solution is extremely dilute, the concentration 
in the surface layer will be sufficiently small for the soap to consist 
mainly of simple molecules. As the concentration is increased, 
complexes will increase in the surface layer, slowly at first and then 
with increasing rapidity. The more complexes are formed the 
smaller will be the work required to be done by surface tension 
against the osmotic pressure in order to concentrate the soap in 
the surface layer. 

McBain’s work has shown that the osmotic pressure rises fairly 
rapidly with the concentration until a maximum is reached, and 
that it then falls slightly, thereafter rising much more slowly. As 
soon as the point is reached at which an increase in concentration 
is associated with an actual decrease in osmotic pressure, followed 
by a region in which the osmotic pressure rises slowly with the con- 
centration, a very rapid increase in the surface concentration must 
necessarily follow. One would therefore expect that the surface 
concentration would at first increase slowly with the volume 
concentration and then with increasing rapidity. 

These expectations are realised in the early part of the concen- 
tration curves (see Fig. 2), and, moreover, this first inflection becomes 
more marked as the molecular weight (and therefore the tendency 
to form complexes) increases. 

The occurrence of a maximum in the surface-tension curve is 
explained by the hypothesis that the efficiency of the colloid 
particles falls off as their size increases, hence the whole form of the 
concentration curve is in qualitative agreement with the require- 
ments of theory. 

The form of McBain’s concentration-osmotic pressure curves 
shows that there are in certain circumstances three concentrations 
having one and the same osmotic pressure. 

Since surface tension is so intimately connected with osmotic 
pressure, it would not be surprising to find that for one and the 
same volume concentration there could be more than one surface 
tension. This appears to be the case for sodium myristate at 75° 
and 90°. The readings were as follows :— 

Drops per gram. Drops per gram. 
75° 112 90° 84-5 
111°5 84 
94°5 101 
96°5 105 
113 103 
112 103 


In another series of five readings for a temperature of 75° and 
wing another pipette, only one high reading was obtained. 
3a* 2 
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Attempts to obtain either the one reading or the other by approach. 


ing the temperature from above or below met with no success, fo 
The phenomenon is therefore different from that observed in the Pe 
case of arachidic acid. Moreover, gelatinisation was not observed _ 
and would not be expected at this temperature. ro 
otl 

(b) Temperature. dif 

The theory is in harmony with the fact that there is an optimum lav 
temperature for every soap and that in general this rises as the sta 
homologous series is ascended. ‘This optimum temperature appears bet 
to have some connexion with the melting point of the acid. It ( 
seems not unreasonable to suppose that at the melting points of J the 
the acids, the corresponding soaps exist in approximately similar — mai 
molecular states so far as their tendency to form complexes is — law 
concerned. is te 
(c) Mixed Soaps. tens 

There are three ways in which mixed soaps might be expected > , 
to behave in dilute solution. para 
(1) The soaps might act independently, each constituent lowering J). 
the surface tension to an extent corresponding with its individual  ;, , 
concentration. In this case, owing to the form of the concentration gene 
curves, almost any mixture would be much more efficient thana § ,,,.,.; 
single soap, weight for weight. Mixtures would not be expected J 4, , 
to behave in this way unless they were very dilute both in solution facto 
and in the surface layer. It would not, therefore, be in accordance (1) 
with the theory, and is not, in fact, found to be the case. 2 
(2) The soaps might form mixed complexes at the surface having BJ, 4), 
properties intermediate between those of the constituents. If mixta 
these mixed complexes in the surface layer contained the constituents Fj, 
in the same proportions in which they were present in solution, § ),...., 
one might expect that the resultant lowering of the surface tension § ij, , 
would be approximately the weighted mean of those of the com § .,,1; 
stituents at the combined concentration of the mixed soaps, thats F tpi, », 
the mixed soaps would apparently follow the so-called mixture lav: § 9,4... 


There is, however, no reason to suppose that two different soaps would 
be adsorbed to the same extent in the surface layer either in tle 
form of mixed complexes or otherwise. Hence it is only in the case of 
mixtures of soaps lowering the surface tension to approximately the 
same extent that one would expect the mixture law to be followed. 
Thus, for instance, the three pairs :— 
Myristate and palmitate at 60°. 
Oleate and myristate ee 
Oleate and palmitate a 
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follow very closely the mixture law (see Fig. 6). At 45°, however, 
palmitate lowers the surface tension to a much smaller extent than 
myristate. Accordingly, at this temperature the mixture law is 
not followed. Laurate and stearate also lower the surface tension 
to about the same extent; they are, however, very dissimilar in 
other respects, the form of the concentration curves being very 
different. Mixtures of these two soaps do not follow the mixture 
law. It is, therefore, reasonable to suppose that in these circum- 
stances the complexes formed do not possess properties intermediate 
between those of the two constituents, 

(3) The majority of soap mixtures come under the third head, 
the capillary activity of the mixtures being related in no simple 
manner to that of the constituents. Having shown that the mixture 
law holds fairly closely under certain conditions, the simplest plan 
is to regard all mixtures not following this law as lowering the surface 
tension, by so much more or so much less than the law would indicate. 
The behaviour of mixtures is therefore represented graphically 
on this plan in Fig. 6. From what has been said in the preceding 
paragraph one would expect that that soap which is most readily 
absorbed in the surface layer would have the predominant effect ; 
in what follows such a soap will be called a dominant soap. As a 
general rule this soap will be the one which lowers the surface 
tension to the largest extent. This is not, however, necessarily 
the case, since the lowering of the surface tension depends on two 
factors :— 

(1) Concentration in the surface layer. 

(2) Specific activity of the soap in the surface layer. 

If the dominant soap lowers the surface tension more than the other, 
mixtures of the two will have a lower surface tension than the mixture 
law would indicate. If, on the other hand, the dominant soap 
lowers the surface tension to a smaller extent than that with which 
it is mixed, the reverse is to be expected. All the mixtures hitherto 
examined, with the exception of laurate and stearate, conform to 
this rule if the soaps are regarded as dominating each other in the 
order of the following empirical list :— 


{ Palmitate-C,, 
* (Oleate 
Stearate—C,, 
Arachidate—Cyp 
Behenate—C,, 


5. Myristate-C,, 
. Laurate—C,, 
7. n-Decoate—C jo, 
. n-Octoate-C, 
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This list, although empirical in a sense, is nevertheless in harmony 
with the theory put forward in this paper, which requires that the 
adsorptive powers (or the tendency of the soap to concentrate 
at the surface) shall increase to a maximum as the homologous 


series is ascended and then decrease. A very interesting example t 
of the way in which one soap can almost completely dominate another 

in the surface layer is the case of laurate and arachidate. Arachid.- to 
ate lowers the surface tension by 8°6 dynes, and laurate by 343 . 
dynes, nevertheless, when 75 per cent. of the arachidate is replaced "i 
by laurate the extent to which the mixture lowers the surface tension aft 
is only increased to 9°6 dynes. With regard to the form of the curves | 
in Fig. 6, theory indicates that the greatest deviation from the mix. lon 
ture law should occur when a small quantity of the dominant soap of 
is mixed with a large quantity of the other, that is, the peak of the lo 
curve should always be displaced towards that end of the diagram fac 
corresponding with low concentrations of the dominant soap. This I 
is so in nearly every case investigated, even in the somewhat of 
exceptional case of laurate and stearate. Mixtures of decoate 
and octoate are the only exceptions in this respect. 

The exceptional behaviour of mixtures of laurate and stearate 
indicates that the principles enunciated cannot be applied absolutely 
rigidly. They cover perhaps the most important aspect of the 
problem, but when the difference in the adsorptive power is large 
and the difference between the capillary activities is small, as in ( 
the case of this pair, then these effects may be masked by secondary 
changes. Evidence of such changes is also found in the case of 
mixtures of oleate and stearate, and decoate and octoate, where B 
certain mixtures lower the surface tension to a greater extent than 
either of the constituents. 

2-CH 
muni 
diam 
Summary of Results. from 

The activity of various salts of the fatty acids in lowering the yield 
surface tension of water has been examined at various concentrations advai 
and temperatures, and the manner in which this activity varies sation 
with changing conditions has been explained on the basis of McBain’s wdik 
theory of soap solutions. the 

Only one additional hypothesis has been found to be necessary, deriv 
and this is to the effect that the lowering of the surface tension As 
is not solely proportional to the concentration in the surface layer, the in 
but that it depends also on the size of the colloidal particles. B "t: 
McBain’s theory, together with this hypothesis, suffices to explain, the “5 


following facts. 


~ 
Je 


nony 
t the 
trate 
gous 
mple 
other 
shid- 
34:3 
laced 
nsion 
irves 
mix- 
soap 
f the 
gram 
This 
what 
coate 


arate 
utely 
* the 
large 
as in 
idary 
se of 
vhere 
than 


ig the 
ations 
varies 
Bain’s 


ssary, 
onsion 
layer, 
ticles. 
in, the 


ORTHO-CHLORODINITROTOLUENES. PART III. 1537 


(1) Soaps lower the surface tension of the water in which they 
are dissolved to an altogether abnormal extent. 

(2) In an homologous series of soaps the power of lowering the 
surface tension first rises with increasing molecular weight and 
then falls after passing through a maximum. 

(3) In general, the property of lowering the surface tension rises 
toa maximum as the temperature is increased and then falls off. 

(4) The property of lowering the surface tension increases slowly 
with the concentration at extreme dilution, then rises rapidly and 
after passing through a maximum decreases again. 

(5) When soaps are mixed in solution, the extent to which they 
lower the surface tension cannot be determined from the properties 
of the constituents. By means of the theory it is possible, as a rule, 
to determine whether a mixture of any two soaps will lower the sur- 
face tension more or less than the weighted mean of the constituents. 


In conclusion, the author desires to acknowledge the permission 
of Messrs. Joseph Crosfield and Sons, Ltd., to publish this paper. 


Krral, 
INDIA. (Received, May 12th, 1921.] 


CLX X X.—ortho-Chlorodinitrotoluenes. Part III. 
Bases derived from 2-Chloro-4 : 5-dinitrotoluene. 


By Gmpert T. Morcan and Wiiiiam ARTHUR PERCIVAL 
CHALLENOR. 


2-CHLORO-4 : 5-DINITROTOLUENE, described in Part I of this com- 
munication (T., 1920, 117, 786), gives rise to 6-chloro-3 : 4-tolylene- 
diamine, an exceptionally stable ortho-diamine, which, when starting 
from o-toluidine, can be prepared by methods giving an overall 
yield of about 33 per cent. On this account the base can with 
advantage be substituted for o-phenylenediamine in those conden- 
sations where a diamine is employed in the characterisation of 
wdiketones or ortho-quinones. With these dicarbonyl compounds 
the new diamine gives rise to well-defined, readily crystallisable 
derivatives. 

As an example of condensation with monocarbony] derivatives, 
the interactions of 6-chloro-3 : 4-tolylenediamine and formaldehyde 
were examined in neutral and in acid solutions. Under the former 
of these conditions two dimeric hydrolysable condensation products 
vere obtained, each of which had the composition corresponding 
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with tetramethylenebis-6-chloro-3 : 4-tolylenediamine. The possibility 
of isomerism is indicated by the following formule I and Ja. 


NH 
ou) 


we, 
(IL) 


CH 
ee 


3 a 
CH cil CH 
te ee 


(III.) 


In acid solution, the formaldehyde condensation takes a different 
course, the monomeric non-hydrolysable 5-chloro-1 : 6-dimethyl. 
benziminazole (III) being produced. This amidine is also obtained 
by condensing 6-chloro-3N-methyl-3 : 4-tolylenediamine with formic 
acid, an alternative method of preparation which demonstrates its 
constitution. 

The amidine condensation proceeds normally also with 6-chloro- 
3 : 4-tolylenediamine and its 3N-phenyl derivative, the constitution 
of the resulting methenyl compounds being represented respectively 
by formule II and VI. 


Action of Ammonia on 2-Chloro-4 : 5-dinitrotoluene. A Correction. 


Attention has been directed in Part I of this communication 
(T., 1920, 117, footnote, p. 789) to a discrepancy in the melting 
points of two different preparations of 6-chloro-4-nitro-m-toluidine. 
The product obtained by the action of alcoholic ammonia on 2-chloro- 
4 : 5-dinitrotoluene melted at 144°, whereas the substance previously 
obtained by nitrating 6-chloro-aceto-m-toluidide melted at 158— 
159° (B.A.8.F., D.R.-P. 226772). 

It has now been found that the more fusible product is a mixture 
of approximately 73 per cent. of 6-chloro-4-nitro-m-toluidine and 
27 per cent. of 6-chloro-3-nitro-p-toluidine (m. p. 165°). This 
mixture retains its composition on repeated crystallisation from 
alcohol, petroleum (b. p. 80—90°), or glacial acetic acid, and has 
the appearance of being a homogeneous substance. A similar 
difficultly separable mixture of dinitrotoluidines has been observed 
by Korner and Contardi (Atti R. Accad. Lincei, 1916, [v], 25, ii, 
339). 

This observation is of some theoretical interest as illustrating 
Kenner’s theory of the replacement of nitro-groups by amino- 
radicles (T., 1914, 105, 2717; 1920, 117, 852). In the present 
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instance the two nitro-groups are alternatively removed in the 
following proportions. 


<— 7 
73 per cent. 2 27 per cent. 


EXPERIMENTAL. 


6-Chloro-3 : 4-tolylenediamine was readily prepared by the 

following series of reactions. Redistilled o-toluidine, nitrated in 
concentrated sulphuric acid, gave a mixture of 4- and 6-nitro-o- 
tluidines, which was separated by fractional crystallisation of the 
tydrochlorides; the yield of 4-nitro-o-toluidine was 75 per cent., 
vhilst about 2—5 per cent. of the 6-nitro-isomeride was isolated 
fom the more soluble fraction (Noelting and Collin, Ber., 1884, 
17,265; Green and Lawson, T., 1891, 59, 1013). Application of 
the Sandmeyer reaction to the chief product gave an 80 per cent. 
yield of 2-chloro-4-nitrotoluene. Nitration of the chloro-derivative 
fmished 2-chloro-4 : 5-dinitrotoluene (85 per cent.) and upwards 
if4per cent. of 2-chloro-4 : 6-dinitrotoluene. The dinitro-compound 
ms converted quantitatively into crude 6-chloro-4-nitro-m-tolu- 
iline (yield 97 per cent.) by alcoholic ammonia and this base 
wluceed to 6-chloro-3 : 4-tolylenediamine (yield 85 per cent.) with 
tne dust and dilute alcohol containing ammonium chloride 
(l,, 1920, 117, 786). 


Condensation of 6-Chloro-3 : 4-tolylenediamine with «-Diketones and 
ortho-Quinones. 6(7)-Chloro-2 : 3-diphenyl-7(6)-methylquin- 
ovaline (Formula IV). 


/\_/N=CCOH 


CH. 
cil | .2H,O 


\/\n=C-00,H 
(V.) 

Three grams of benzil and 2 grams of 6-chloro-3: 4-tolylenedi- 
imine dissolved in 30 c.c. of glacial acetic acid were heated at 
I” for fifteen minutes, when white needles separated, the solution 
ltcoming nearly solid when cold. The product, when crystallised 
ftom aleohol and glacial acetic acid, separated in colourless needles 
uelting at 148-5° and developing a red coloration with concentrated 
sulphuric acid (Found: N = 8-52. C,,H,;N,Cl requires N = 8-47 
et cent, ). 
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This quinoxaline derivative dissolved readily in hot petroleum 
(b. p. 80—100°), and was very soluble in benzene or chloroform. 


6(7)-Chloro-7(6)-methylquinoxaline-2 : 3-dicarboxylic Acid 
(Formula V). 


Potassium dihydroxytartrate (3-6 grams) was added slowly toa 
boiling solution of 6-chloro-3 : 4-tolylenediamine (2 grams) in 


160 c.c. of water and 40 c.c. of alcohol. The faintly red solution § J; 
was then acidified with concentrated hydrochloric acid, when a 
pale green, crystalline precipitate separated. This product was 
redissolved on boiling after the addition to the mother-liquor of i 
200 c.c. of water. The pale greenish-yellow needles deposited from with 
solution after filtering off a green by-product were recrystallised solu 
from water containing a small amount of alcohol and hydrochloric boil 
acid, when the substance melted at 173° with decomposition (Found: and 
N = 9-41; H,O = 12-05. C,,H,O,N,Cl,2H,O requires N = 9-26; § Pe 
H,O = 11-90 per cent.). The hydrated acid lost water at 110°, melt 
the anhydrous residue melting at 165°. Concentrated sulphuric CyH, 
acid developed an orange coloration. . 5 
CH N subst 
CoH ( ) Te 
10-Chloro-9-methyl-«8-naphthaphenazine, Cl N’\ /\. Blof a 
| Bi acids 
\Z Bvere 
Two grams of the diamine dissolved in 200 c.c. of 50 per cent. § The r 
acetic acid were added slowly with vigorous shaking to a solution § less s 
of 2 grams of 8-naphthaquinone in 140 c.c. of 75 per cent. acetic J and r 
acid. The gelatinous precipitate which separated was crystallised § with 
from benzene, when the azine separated in brownish-yellow crystals § aquec 
with purple reflex, or from glacial acetic acid, when the product § Theor 
was obtained in brown needles melting at 213° (Found: N = 10:28. 
C,,H,,N,Cl requires N = 10-06 per cent.). i 
This azine developed an intense purple coloration with con- 4 
centrated sulphuric acid. 
Con 
6(7)-Chloro-7(6)-methylcamphanoquinoxaline, aldehy 
C(CH,)-CH, 6-chlo 
CH Sc. ne C(CH,) hydro 
gg = "a \ ee | and ti 
CH CH, minut 
Equal weights of camphorquinone and 6-chloro-3 : 4-tolylene- f aqueo 
diamine were boiled together in 15 per cent. alcoholic solution for § ethere; 
a few minutes. The product precipitated by water was purified by J} a pale 


* cent. 
lution 
acetic 
allised 
rystals 
roduct 
10-28. 


1 con- 
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repeated crystallisation from dilute alcohol. This quinoxaline 
formed colourless needles melting at 124° and developing with 
concentrated sulphuric acid a yellow coloration (Found: N = 9-92. 
CypHygNoCl requires N = 9-77 per cent.; 0-4177 in 12°8 c.c. of 
alcoholic solution in a 1-dem. tube gave a, + 0-91°, whence [«], + 
97-9°, corresponding with [M], -+- 80°. 


Interaction of 6-Chloro-3 : 4-tolylenediamine and Formaldehyde. 
1. In Neutral Solution. 


Six c.c. of 40 per cent. formaldehyde solution, rendered neutral 
with two drops of N-sodium hydroxide, were added slowly to a 
solution of 3 grams of 6-chloro-3 : 4-tolylenediamine in 20 c.c. of 
boiling aleohol. After two or three minutes a precipitate appeared 
and spread throughout the liquid. This solid product, crystallised 
repeatedly from benzene, gave colourless, diamond-shaped crystals 
melting at 225°, the yield being 82 per cent. (Found: N = 15-65. 
(,H,N,Cl requires N = 15-52 percent. Ebullioscopic determination 
in benzene gave M = 365-1, 369-6. C,.H,,.N,Cl, requires M = 
361-2). These results confirm the dimeric formula I or Ia for the 
substance. 

Tetramethylenebis-2-chloro-4 : 5-diaminotoluene has the properties 
of a Schiff base and regenerates formaldehyde on warming with 
aids. The alcoholic mother-liquors from the foregoing Schiff base 
were diluted with water and the solution was extracted with ether. 
The residual oil from the ethereal extract deposited slowly a colour- 
less solid which, after crystallisation from water, sublimed at 170° 
and melted completely at 175°. The compound, which is isomeric 
with the preceding substance, also undergoes hydrolysis with 
aqueous acids, liberating formaldehyde (Found: WN = 15-54, 
Theory requires N = 15-52 per cent.). 


2. In Acid Solution. 5-Chloro-1 : 6-dimethylbenziminazole 
(Formula III). 


Concentrated hydrochloric acid (7 ¢.c.) and 40 per cent. form- 
aldehyde solution (10 ¢.c.) were added successively to 5 grams of 
§-chloro-3 : 4-tolylenediamine dissolved in 30 c.c. of alcohol; the 
hydrochloride of the diamine was precipitated and then redissolved 
and the resulting brown solution heated under reflux for thirty 
minutes. The cooled solution was rendered alkaline with dilute 
aqueous sodium hydroxide and the oil extracted with ether. The 
ethereal extract dried over potassium carbonate was distilled until 
4 pale yellow oil passed over at 340—345°, which became solid 
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and was then crystallised from benzene and light petroleum, whe, 
white needles were obtained melting at 154° (Found: N = 15:52 
C,H,N,Cl requires N = 15-52 percent. Ebullioscopic determination 
in benzene gave M = 203, 192. C,H,N,Cl requires M = 180-6), 
The benziminazole dissolved readily in alcohol or chloroform, but 
was almost insoluble in ether or light petroleum. 


5-Chloro-6-methylbenziminazole (Formula II). 


6-Chloro-3 : 4-tolylenediamine (5 grams) was heated for two 
hours at 100° with 5 c.c. of 80 per cent. formic acid; the hay 
dissolved to a brown solution, which solidified on cooling. This 
product, which was the formate of the methenyl base, yielded this 
amidine on treatment with aqueous ammonia. The amidine, when 
crystallised from hot water, separated in colourless needles melting at 
189° (Found: N = 16-85. C,H,N,Cl requires N = 16-82 per cent,), 

The amidine dissolved readily in ether, alcohol, acetone, or hot 
water, but was almost insoluble in cold chloroform. The formate, 
prepared by adding formic acid to an ethereal solution of the base, 
separated from water in white, filamentous needles melting at 
135° (Found: N = 13-23. C,H,O,N,Cl requires N = 13-13 per 
cent.). 


juts 

ae i Na 
6-Chloro-3N-methyl-3 : 4-tolylenediamine, wos 
CH, NH\ y, 

NH, 


This compound was prepared by digesting 2-chloro-4 : 5-dinitro- 
toluene with alcoholic methylamine (this vol., p. 189) and by 
reducing the resulting 6-chloro-4-nitro-N-methyl-m-toluidine (4 
grams) with 5 grams of 80 per cent. zinc dust in 100 c.c. of boiling 
alcohol (75 per cent.) containing 0-8 gram of ammonium chloride. 
This reduction was completed by refluxing for one hour with the 
further addition of 4 grams of zinc dust. The diamine separated 
slowly in pink needles on pouring the cold filtered solution into 
500 c.c. of water containing 5 grams of sodium hydroxide (yield 
75 per cent.). Owing to its great solubility in ordinary solvents 
the base was purified by sublimation in a vacuum, when colourless 
arborescent needles were obtained melting at 60° (Found: N= 
16-55. C,H,,N,Cl requires N = 16-43 per cent.). 

When heated above its subliming point, this diamine became 


red and then changed into a dark bluish-purple decomposition 
product, sparingly soluble in water and dissolving readily in alcohol 
or mineral acids. 
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Action of Formic Acid on 6-Chloro-3N-methyl-3 : 4-tolylenedi- 
amine.—Equal parts of the diamine and concentrated formic acid 
were refluxed for two hours and the solution was rendered alkaline 
with ammonia. The solid product, which was somewhat dis- 
coloured, was crystallised repeatedly from benzene and identified 
as 5-chloro-1 : 6-dimethylbenziminazole (m. p. 154°). 

Action of Formaldehyde on 6-Chloro-3N-methyl-3 : 4-tolylenedt- 
amine—In Neutral Solution.—The addition of 6 c.c. of 40 per cent. 
formaldehyde neutralised with two drops of N-sodium hydroxide to 
3 grams of the diamine in 20 c.c. of alcohol led to a condensation 
product, which separated as a non-solidifying oil on dilution with 
water and was extracted with ether. As this oily material was 
not crystallisable from organic media, it was distilled, when at 
340° a yellow oil was obtained which set to a yellow solid. This 
product, crystallised repeatedly from benzene, proved to be 5-chloro- 
1: 6-dimethylbenziminazole, melting at 154° (formula ITI). 

In Acid Solution.—To 3 grams of the diamine dissolved in 15 c.c. 
of alcohol were added successively 4°2 c.c. of concentrated hydro- 
chloric acid and 6 c.c. of formaldehyde solution; the hydrochloride 
of the base separated and redissolved, the mixture becoming 
appreciably warm. After refluxing for thirty minutes, the mixture 
was rendered alkaline with potassium hydroxide, extracted with 
ether, and the extract dried over potassium carbonate. Dry 
hydrogen chloride was passed into the dried ethereal solution, 
when a tarry impurity separated and subsequently a crystalline 
dihydrochloride. This salt, washed with cold chloroform to remove 
coloured impurities, crystallised from the hot solvent in colourless 
needles melting with decomposition at 140° (Found: N = 10-49. 
CioH, ;N,Cl, requires N = 10-40 per cent.). 

The base could not be liberated by ammonia, but when freed 
with potassium hydroxide and crystallised from ether or petroleum 
(b. p. 80—100°), was obtained from the latter in colourless, rhom- 
boidal plates melting at 100° (Found: N = 13-20, 13-16. 
CipH,3N.C1,H,O requires N = 13-06 per cent.). 

These results correspond with the following formule for base 
and dihydrochloride respectively : CH,°C,H,Cl:[N(CH,)].;CH,,H,O 
and CH,*C,H,Cl-[N(CH,)],:-CH.,2HCL. 


5-Chloro-1-phenyl-6-methylbenziminazole, Hal | cH (‘Yh) 


2-Chloro-4 : 5-dinitrotoluene was converted successively into 
6-chloro-4-nitro-N-phenyl-m-toluidine and 6-chloro-3N-phenyl-3 : 4- 
tolylenediamine (this vol., p. 190). This diamine was refluxed 
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for an hour with an equal weight of concentrated formic acid, 
The solution, which solidified on cooling, was rendered ammoniacal: 
the solid product was crystallised first from alcohol with addition 
of animal charcoal and then repeatedly from petroleum (b. p. 80— 
90°). The amidine separated in colourless needles melting at 100° 
(Found: N = 11-81. C,,H,;N,Cl requires N = 11-55 per cent), 


[With F. R. Jongs.] 
6-Chloro-4-nitro-m-toluidine, m. p. 158—159°. 
Preparation of 6-Chloro-m-toluidiie. 


1. From 2-Chloro-5 : 6-dinitrotoluene.—-This dinitro-compound 
was converted successively into 6-chloro-3-nitro-o-toluidine and 
2-chloro-5-nitrotoluene (Morgan and Drew, T., 1920, 117, 787). 
This nitro-compound on reduction yielded 6-chloro-m-toluidine 
(m. p. 85°). 

2. From p-Toluenesulphon-o-toluidide.—o-Toluidine was converted 
into its p-toluenesulphonyl derivative (m. p. 108°); 20 grams of 
the latter suspended in 50 c.c. of water at 60° were treated with 
20 c.c. of nitric acid (D 1-4), the mixture being stirred at 60—70° 
for three to four hours. The product recrystallised from alcohol 
was p-toluenesulphon-5-nitro-o-toluidide (m. p. 172°). If the fore- 
going temperatures are exceeded, further nitration occurs, so that 
after hydrolysis the product contains 3 : 5-dinitro-o-toluidine 
(m. p. 208°) and a small amount of 3-nitro-o-toluidine. The mono- 
nitrated amide (10 grams) was dissolved in 60 c.c of concentrated 
sulphuric acid on the water-bath. The cooled solution, when 
poured into 200 c.c of water and rendered alkaline, yielded 5-nitro- 
o-toluidine, which was recrystallised from hot water (m. p. 130°). 
This base, when put through the Sandmeyer reaction with cuprous 
chloride, gave 2-chloro-5-nitrotoluene, which on reduction yielded 
6-chloro-m-toluidine. 


Nitration of 6-Chloro-aceto-m-toluidide. 


6-Chloro-m-toluidine (2 parts) was heated for one hour with 1 part 
of acetic anhydride mixed with an equal weight of glacial acetic 
acid. The acetyl derivative, when crystallised from petroleum, 
melted at 92°. Five grams of this acetyl compound were added 
slowly to a mixture of 4 c.c. of nitric acid (D 1-40) and the same 
volume of fuming nitric acid (D 1-50). After sixteen hours, the 
solution, when poured into water, gave an oil solidifying very 
quickly to a golden-yellow solid, which, after crystallisation from 
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alcohol, melted at 113°. One gram of this acetyl compound was 
dissolved in 6—8 c.c. of concentrated sulphuric acid by raising the 
temperature cautiously to 130°. After being maintained for a few 
minutes at this temperature, the solution was cooled and poured 
into 250 c.c. of water, when an orange-yellow nitro-base was 
obtained, the precipitation being completed by the addition of 
ammonia. After crystallisation from alcohol 6-chloro-4-nitro-m- 
toluidine separated in yellow prisms melting at 158—159°. 


Mixed Melting Points of 6-Chloro-4-nitro-m-toluidine and 6-Chloro- 
3-nitro-p-toluidine. 


6-Chloro-3-nitro-p-toluidine (m. p. 165°) was prepared by the 
following processes : nitration of o-toluidine, conversion of 4-nitro- 
o-toluidine into 2-chloro-4-nitrotoluene, reduction to 6-chloro-p- 
toluidine, nitration of 6-chloro-aceto-p-toluidide, and hydrolysis of 
the nitro-product. 

Mixed melting points were taken with mixtures of the two 
isomeric bases with the following results : 


Percentage of the 
more fusible base 
(158°5°) in the 
mixture . 100 90 80 70 50 40 30 20 10 0 


Melting point of the 
mixture . . . 158°5° 152°5° 148° 143°5° 140°5° 139°5° 139° 141° 147°5° 156° 164°5° 


It is evident that the preparation melting at 144° recorded in 
Part I of this communication (loc. cit.) is a mixture consisting 
approximately of 73 per cent. of 6-chloro-4-nitro-m-toluidine and 
27 per cent. of 6-chloro-3-nitro-p-toluidine. This conclusion was 
confirmed by taking mixed melting points of a mixture of the 
pure bases in the foregoing proportions with the preparation 
melting at 144°; the observed melting points were 143-5—146° 
and 144—146°. This constancy of melting point indicated identity 
of composition in the two mixtures, whether obtained by mixing 
the pure isomerides or by acting on 2-chloro-4 : 5-dinitrotoluene 
with aleoholic ammonia. 

6-Chloro-4-nitro-m-toluidine from  6-chloro-m-toluidine was 
methylated and phenylated under the experimental conditions 
described in Part II of the communication (this vol., p. 189—-190). 
The melting points of the products, 6-chloro-4-nitro-N-methyl-m- 
toluidine and 6-chloro-4-nitro-N-phenyl-m-toluidine, were 126° and 
96° respectively, showing that these compounds are identical with 
the chief products of the action of methylamine and aniline on 
2-chloro-4 : 5-dinitrotoluene. 


The authors desire to express their thanks to the Advisory 
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Council of the Department of Scientific and Industrial Research 
for grants which have partly defrayed the expenses of _ this 
investigation. 

THE CHEMICAL DEPARTMENT, 


UNIVERSITY OF BIRMINGHAM, 
EDGBASTON. [Received, August 13th, 1921,} 


CLXXXI.—Non-aromatic Diazonium Salts. Part VII. 
The Diazo-reaction in the isoOxazole Series. 


By Gipert T. Morean and Henry BurcEss. 


4-AMINO-3 : 5-DIMETHYLISOOXAZOLE has been shown recently (this 
vol., p. 697) to give rise to diazonium salts comparable in stability 
with those derived from aniline and its homologues. The reactions 
of 3: 5-dimethylisooxazole-4-diazonium chloride have now been 
examined further with the object of ascertaining to what extent 
the isooxazolediazonium salts can be used as synthetic agents. 
Non-aromatic azo-derivatives are obtainable by coupling the 
diazonium salt with the 6-diketones and £-ketonic esters. 


3 : 5-Dimethylisooxazole-4-azo-acelylacetone, 
O-CMe h COMe 
NicMe7 CNN-CH< come’ 


One gram of 4-amino-3 : 5-dimethylisooxazole in 5 c.c. of com 
centrated hydrochloric acid was cooled in a freezing mixture and 
diazotised by adding slowly 0-7 gram of sodium nitrite; the diazo- 
solution was then added to one gram of acetylacetone in 8 ¢-¢. of 
12 per cent. aqueous sodium hydroxide. The precipitation of the 
lemon-yellow azo-derivative was completed by salting out (yield 
80 per cent.). After several crystallisations from alcohol, the 
compound was obtained in well-defined, yellowish-orange, hex- 
agonal prisms melting at 115-5—116-5° (Found: N= 19-05. 
C,9H,,0,N, requires N = 18-83 per cent.). 

3 : 5-Dimethylisooxazole-4-azo-acetylacetone was very soluble 
cold aqueous caustic alkalis, hydrochloric acid, glacial acetic acid, 
and the ordinary organic media excepting light petroleum; It 
dissolved sparingly in hot water, but was insoluble in cold watel. 
On warming, it reduced Fehling’s solution and gave neither colout 


ly (this 
tability 
actions 
w been 
extent 
its. 

ng the 


NON-AROMATIC DIAZONIUM SALTS. PART VII. 1547 


reaction with ferric chloride nor copper salt with neutral copper 
acetate. 


4-Diazoamino-3 : 5-dimethylisooxazole, 


O-CMe : CMe-0 
NiCMe> CN-“N-NEC<Cyger 


A diazo-solution prepared as above from one molecular pro- 
portion of the aminoisooxazole hydrochloride was added to an 
aqueous solution of the base (1 mol.) and sodium acetate (5 mols.). 
The pale brown product, precipitated completely by adding sodium 
chloride, was crystallised from a mixture of equal parts of acetone 
and light petroleum, from which solution the diazoamine first 
separated in colourless, transparent, hexagonal prisms which did 
not change if removed from the solvent. If left in contact with 
the mother-liquor, however, for several days, these prismatic crystals 
changed into small, opaque, white octahedra. Both forms of the 
diazoamine melted at 179—180° (Found: N = 29-93; C = 51-05; 
H=5-70k Cy, 9H,,0.N; requires N = 29-77; C = 51:02; H = 5-57 
per cent.). 

4-Diazoamino-3 : 5-dimethylisooxazole was soluble in the ordinary 
organic media excepting light petroleum; it dissolved in hot water 
or in aqueous caustic alkalis, and was reprecipitated from the latter 
by acids. It was very stable towards hydrolytic agents, and was 
not decomposed by cold concentrated hydrochloric acid. 

isoDiazo-reaction—A cold solution of 3 : 5-dimethylisooxazole- 
4diazonium chloride (0-7 gram) was added slowly to 7 grams of 
sodium hydroxide in 6 c.c. of water. A reddish-pink precipitate 
appeared, but redissolved to a deep red solution, the temperature 
rising to 20°. This solution coupled with alkaline $-naphthol only 
in the course of several hours, but if first cautiously acidified it 
coupled immediately. The alkaline solution slowly lost its coupling 
power and on passing carbon dioxide into this solution a brown 
oil separated, which no longer coupled even after acidifying. 


0-CM 
4-lodo-3 : 5-dimethylisooxazole, b Ramer 


As the chloro- and bromo-isooxazoles appeared to be oily sub- 
stances like the 4-triazo-compound (loc. cit., p. 782), the iodo- 
derivative was prepared in order to demonstrate the replacement 
of the diazo-group by a halogen. The diazonium sulphate from 
1 gram of aminodimethylisooxazole was added to 7 grams of 
Potassium iodide in 10 c.c. of water. Rapid effervescence occurred 
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and a reddish-brown oil separated having an odour like that of 
iodoform, but more lachrymatory. After two hours, the mixture 
was distilled in steam and the distillate freed from iodine by sodium 
hydroxide. 

4-lodo-3 : 5-dimethylisooxazole, when purified by repeated dis. 
tillation in steam, separated in very pale yellow needles melting 
at 52-5—54° (Found: I = 57-47. C;H,ONI requires I = 56-93 
per cent.). 

This iodo-derivative was very soluble in ether, acetone, chloro. 
form, or benzene, but less soluble in alcohol or hot water. It was 
extremely volatile, distilling in the vapour of acetone, and when 
left for four days over sulphuric acid about one-third of the pre. 
paration had volatilised. It was accompanied by a small amount 
of less volatile by-product separating in golden-yellow needles 
melting at 181—182° and containing no iodine. When pure, 
4-iodo-3 : 5-dimethylisooxazole is only faintly odorous, although 
distinctly irritant to the eyes. 


F O-CMe 
4-Hydrazino-3 : 5-dimethylisooxazole, .! N: “CMe?” NH-NH,. 


To a cold solution of 3: 5-dimethylisooxazole-4-diazonium 
chloride prepared from 2 grams of the base were added 11 grams 
of stannous chloride dissolved in 8 c.c. of concentrated hydrochloric 
acid. A yellow, frothy precipitate, which first appeared, redissolved 
on stirring to a yellow solution, which was cooled to — 5°. The 
solution was made alkaline with sodium hydroxide and the hydr- 
azine extracted with chloroform. This extract, when dried over 
sodium sulphate and evaporated at the ordinary temperature, 
left a pale green solid melting at 65—72° and having a strong odour 
resembling that of dimethylisooxazole. In subsequent experiments 
the viscous residue from the chloroform was dissolved in aleohol 
and warmed on the water-bath with p-nitrobenzaldehyde (1 mol.) 
The resulting hydrazone separated as a brick-red precipitate and 
was crystallised from alcohol in garnet-red, highly refractive prisms 
having a tough resinous fracture and melting at 183—184° (Found: 
N = 21-33. C,,H,,0,N, requires N = 21-53 per cent.). 

4-p-Nitrobenzylidenehydrazino-3 : 5-dimethylisooxazole, 


~ NNO, 


was soluble in uthe, pwr chloroform, benzene, or acetone. 
A dilute solution of the hydrazone in the last of these solvents 
assumed an intense greenish-blue colour on the addition of com 
centrated aqueous sodium hydroxide; this coloration, which * 
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probably due to the formation of a highly coloured sodium salt of 
the type [C;H,ON]*NH-N°C:C,H,:-NO-ONa, is destroyed by acids 
and even by carbon dioxide or water. 

Attempts to replace the diazonium group by ethoxyl or hydroxyl 
did not lead to the expected result. In the latter case about 
20 per cent. of a solid product was obtained crystallising in colour- 
less, transparent plates or lath-like needles melting at 139—140° 
(Found: N = 25-49, 25-56 per cent.). This substance, which 
contains approximately the same amount of nitrogen as the original 
aminodimethylisooxazole, was also obtained in an attempt to 
replace the diazo-complex by a sulphinic group. 


Summary. 


1. The foregoing experiments, in addition to those of the earlier 
communication (loc. cit.), show that the diazonium group, when 
attached to an isooxazole ring, is replaceable by the halogens and 
by the triazo-group, but not by hydroxyl, ethoxyl, or sulphinic 
groups. 

2. In alkaline solutions an unstable isodiazo-compound is pro- 
duced. 

3. Reduction of the diazonium chloride leads to an unstable 
4-hydrazinodimeth ylisooxazole. 

4. isoOxazolediazonium salts couple with bases to form diazo- 
amino-derivatives and with phenols and §-diketones to yield 
mixed aliphatic-aromatic and non-aromatic azo-derivatives re- 
spectively. 


The authors desire to express their thanks to the Advisory 
Council of the Department of Scientific and Industrial Research 
for grants which have partly defrayed the expenses of this 
investigation. 

Tae CuemicaL DEPARTMENT, 


University or BrrMINGHAM, 
EDGBASTON. [Received, August 13th, 1921.] 


1550 COLLIE AND REILLY: A NEW TYPE OF IODINE COMPOUND. 


CLXXXII.—A New Type of Iodine Compound. 


By Joun Norman Couture and Amy Apa Beatrice REtty, 


WueEn dimethylpyrone is boiled with excess of barium hydroxide, 
the yellow barium salt of diacetylacetone is precipitated. If this 
salt is suspended in alcohol and treated with iodine, it first dissolves, 
and on warming a crystalline barium salt separates which does not 
further react with iodine. The reaction ceases when two atoms of 
iodine have been added for each atom of barium. Only one-half 
of the iodine reacts to form barium iodide, the other half reacts 
with the diacetylacetone, for the barium salt that separates, when 
treated with dilute acids, gives a compound C,H,O,I (T., 1900, 77, 
1116). 

It is difficult to give an explanation how the compound C,H,0,I 
is formed from the barium salt of diacetylacetone by the action of 
iodine. 

If all the dimethylpyrone, C,H,O,, is acted on by the iodine, 
and converted into C,;H,0,I, the yield should be four times the 
amount always obtained. Moreover, only half the barium in the 
barium salt is acted on by the iodine. Therefore the barium salt 
of diacetylacetone must contain at least two barium atoms in the 
molecule, and they must be linked differently. The ordinary 
formula for diacetylacetone, CH,-CO*-CH,°CO-CH,*CO-CHs, will not 
allow of any such difference. 

The above formula for diacetylacetone also does not agree with 
some of its physical properties. This was pointed out (T., 1), 
87, 1451). Moreover, other properties and reactions are not satis 
factorily explained by the above formula. Amongst organic com- 
pounds there is always a tendency to form ring compounds wher- 
ever possible, and it may be that diacetylacetone is a ring compount, 

AC(CH,)*CHx, 
HO-O<C\CH):cH> COE. 

Such a formula would give a barium salt, where the barium 
atoms would be linked in two different ways, one to the oxygen 
the hydroxyl group attached to oxygen, and one to the hydroxy! 
group attached to carbon. Iodine might only react with the 
barium replacing the hydrogen of the hydroxyl group attached t0 
the oxygen. 

The reaction of iodine with the barium salt of diacetylacetone, 
moreover, is different from the action of iodine with the sodium 
salt of acetylacetone, that gives tetra-acetylethane. In the reat 
tion producing the compound C,H,O,I there must be an oxidisitg 
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action. It may be that the barium in the barium salt of diacetyl- 
acetone reacts in the same way as barium hydroxide does with 
iodine, giving a mixture of iodide and hypoiodite, the latter acting 
as the oxidising agent. But there does not seem to be any simple 
equation that will explain the formation of the compound C,H,O,I. 
Moreover, from its properties and reactions it is no simple deriv- 
ative either of diacetylacetone or of dimethylpyrone. 

It might be iodosodimethylpyrone, O<C{GH)sc0)>CO> but 
it is not decomposed by sodium hydroxide, and all pyrone com- 
pounds are. It might be iodoso-orcinol, but it gives no orcinol 
reactions. It is neither a hypoiodite nor an iodo-compound. It 
is a strong acid liberating carbon dioxide from carbonates and 
forms metallic salts, but the iodine is easily removed as silver 
iodide when warmed with silver nitrate and nitric acid; it can, 
however, be boiled with concentrated sodium hydroxide solution 
without decomposition. Chlorine water does not liberate iodine. 
From its acid properties it contains either a carboxyl group or an 
L0H group. The presence of a carboxyl group is not possible. 
It gives a monoacetyl derivative, and reacts with two molecules 
of phenylhydrazine. 

The only simple formula that agrees with most of its properties 
and reactions is the following : 


LN 
CH,-CO-CH CH 
HO-C CO 


WA 
CH 


When it dissolves in water the iodine atom becomes quinquevalent, 
taking up the elements of water. Ring compounds containing 
iodine are not novel. Mascarelli (Atti R. Accad. Lincei, 1908, [v], 
17, ii, 580; Gazzetta, 1908, 38, ii, 619) describes one that is a strong 
base capable of absorbing carbon dioxide from the air. 


OH HOH 


I I 
Nery = G 
we NS V/ 
Basic. Acid. 
That iodine in a ring with four carbon atoms should be basic, 
and in a ring with five carbon atoms should be acid, is behaviour 


exactly the reverse of that of nitrogen in pyrrole and pyridine. The 
Rmhaining reactions of the compound C,H,O,I are the following : 
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With an excess of bleaching powder solution it gives a precipitate 
of calcium carbonate. The amount was estimated, (1) as carbo 
dioxide (Found: C = 14-2), (2) the carbon dioxide absorbed by 
potassium hydroxide (Found : C = 13-5), (3) as precipitated caleiun 
carbonate (Found : C=13-5). Theory for three atoms of carbon 
C=13-5 per cent. 

When boiled under reflux with very dilute sulphuric acid, it 
gradually decomposes, giving acetic acid, hydriodic acid, and some 
substance that chars with concentrated sulphuric acid, and reduces 
Fehling solution, and also gives a precipitate with phenylhydrazine. 
The substance, however, does not seem to be a sugar, for it can 
be extracted slowly by means of ether, but it has not been obtained 
in a crystalline condition. 

When heated with water at 130—140°, the substance C,H,0, 
decomposes almost quantitatively into hydriodic acid, acetic acid, 
carbon, and water, as follows, C,H,0,I + H,O = HI + CH,’CO,H + 
5C + 2H,0; 0-936 gave 0-198 C, 0-432 HI, 0-202 CH,°CO,H, the 
theoretical amounts being 0-211 C, 0-450 HI, 0-211 CH,°CO,H. Itis 
not, however, decomposed by boiling water. It is a monobasic acid, 
for when titrated with N/10-sodium hydroxide it forms a salt; 


C,H,O,I + NaOH = C,H,0,1Na. 


The mean of three molecular-weight determinations by the freezing 
point method gave M = 263. C,H ,O,I requires M = 266. 

When the substance is boiled with dilute alcohol and sodium 
amalgam, the iodine is quantitatively removed as sodium iodide, 
and this is the simplest method of estimating the iodine in the 
substance and its compounds. 

With potassium iodide and a dilute acid, it gives no free iodine. 
It can be dissolved in warm concentrated sulphuric acid without 
decomposition, and is reprecipitated on the addition of water, but 
if a strong mineral acid and a little water be used, iodine is at ont 
liberated. 

With bromine in chloroform solution, the bromine is at ont 
decolorised and hydrobromic acid evolved, and the residue ™ 
boiling with dilute alcohol gives bromoacetone. With fem 
chloride, it gives a deep purple precipitate. It decolorises potassium 
permanganate at once in the cold. 

With a mixture of silver nitrate and nitric acid, about 95 pt 
cent. of the iodine is converted into silver iodide. 

When dry and pure, light has very little action on it, but whet 
moisture is present, it rapidly decomposes, giving acetic acid aul 
other compounds. 
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EXPERIMENTAL. 


The best method for the preparation of the compound C,H,0,I 
is the following : 

Ten grams of dimethylpyrone are boiled with excess of barium 
hydroxide, the precipitated barium salt is dried and suspended 
in 150 c.c. of absolute alcohol, and 20 grams of iodine are carefully 
added with shaking. The barium salt gradually dissolves and 
then another barium salt begins to crystallise out. It is not neces- 
sary to separate this barium salt. About 500 c.c. of water are 
then added and some dilute hydrochloric acid. The compound 
(,H,O,I at once separates. By making the mother-liquor alkaline 
with sodium hydroxide, evaporating off the alcohol, and acidifying 
again, a further small amount of the compound C,H,O,I is pre- 
cipitated. It is necessary to make the solution alkaline before 
evaporation because the compound C,H,0,I is volatile with steam. 

From the residue a small amount of dimethylpyrone, and a 
compound that gives a deep purple colour with ferric chloride, 
can be extracted. 

The pure compound C,H,O,I can be obtained by crystallisation 
fom dilute alcohol or from acetic acid. It seems to crystallise in 
two different forms, first separating as voluminous, needle-shaped 
crystals, that gradually change to small, granular crystals. 

Anumber of analyses gave the following results : Mean, C = 31-5; 
H=25; I= 47-1. C,H,0,I requires C = 31-6; H = 26; I= 
{7 per cent. The yield of the compound is usually about half 
the weight of the dimethylpyrone employed. If all the dimethy]- 
pyrone were converted into C,H,O,I, 10 grams should yield 21-4 
grams; as a rule, only 5 grams are obtained. 

When moist C,;H,0,I is exposed to sunlight, it decomposes 
rapidly, turning brown and liquefying, and acetic acid is formed 
in considerable quantities. The brown mass, when treated with 
absolute alcohol, leaves an orange-red precipitate. This substance 
tan be dissolved in hot acetic acid and is precipitated in small 
crystals by the addition of water. When heated, it turns brown 
and decomposes violently at 185—190° with liberation of much 
iodine. It is acid to litmus, is easily soluble in sodium hydroxide 
solution, and does not contain water of crystallisation. Unfor- 
tunately, only small quantities of it could be obtained, and only 
an iodine estimation was made (Found: I = 54-0. C,;H,O,I 
requires I — 53-4 per cent.). It may have been formed according 
to the equation 


C;H,0,I + H,O + O, = C;H,O,I + CH,*CO,H + H,0, 
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when it would have the quinonoid formula 
nv I——-CHy, ~. 
OC<C(OH):cH> C2: 

The barium compound that separates when iodine is added \ 
the barium salt of diacetylacetone, crystallises in needles. It j 
insoluble in water, and when treated with dilute acids gives th 
compound C,H,0,I. On heating, it decomposes, giving iodin, 
It contains water of crystallisation [Found, for material dried in; 
desiccator, Ba = 19-5; I = 36-4; H,O = 5-5. (C,H,O,I1),Ba,2H,) 
requires Ba = 19-5; I = 36-1; H,O = 5-1 per cent. Found, fer 


material dried at 140°, Ba = 20-7. (C,H,O,1),.Ba requires Ba =. 


20-5 per cent. ]. 

Acetyl Derivative—By heating the compound C,H,0,I with 
acetic anhydride and a few drops of concentrated sulphuric acid, 
and then adding water, a semi-crystalline precipitate is obtained 
This can be purified by dissolving in alcohol, decolorising with 
animal charcoal, and recrystallising. It forms white, granulx 
crystals, m. p. 68-5°. It gives no colour with ferric chloride, ani 
is acid to litmus paper. It can be distilled without decomposition 
On keeping, it turns bright lemon-yellow, finally becoming orang. 
The mean of several analyses gave C = 346; H = 3-0; I= 4l1 
C,H,0,1(CO-CH5) requires C = 35-1; H = 2-9; I = 41-2 per cent 
When the acetyl derivative is warmed with sodium hydroxide solutia 
and the product acidified, the compound C,H,O,I is precipitated. 

Phenylhydrazine Derivative-—The compound C,H,O,I react 
violently with phenylhydrazine, and water is given off. If, however, 
it is dissolved in a little alcohol and phenylhydrazine added, th®® 
mixture becomes warm, and a crystalline compound separates. It 
can be recrystallised from acetic acid. On heating, it rapidly tum 
brown and suddenly decomposes. It contains water of crystallix 
tion, but decomposes below 100° [Found: N = 11-3; I = 254 
C,H,OI(N,H-C,H;).,3H,O requires N = 11-2; I =25-4 per cent.) 

Salts of the Compound C,H,0,I.—The compound was treatel 
with excess of barium hydroxide, the excess being removed wit 
carbon dioxide. The filtered solution was evaporated to a smal 
bulk and alcohol added. The salt separated in long, white needles 
These, when dried in a vacuum over sulphuric acid, turned lemot 
yellow. The mean of several analyses gave Ba = 19-7; I = 304 
(C,H,0,1),Ba requires Ba = 19-5; I = 36-1 per cent. 

The silver salt is insoluble in cold water and slightly soluble 
hot water. The /ead salt has similar solubilities. 


UNIVERSITY COLLEGE, 
Gower Srreet, Lonpon. [Received, July 9th, 1921.) 


MOORE : PHOTOSYNTHETIC PROCESSES IN THE AIR, ETC. 1555 


Photosynthetic Processes in the Air, upon the Land, 
and in the Sea in Relation to the Origin and 
Continuance of Life on the Earth. 


Hvco Mitier Lecture, DELIVERED BEFORE THE CHEMICAL 
Society ON JUNE 16TH, 1921. 


By Bensamin Moore, D.Sc., F.R.S. 


fz. PRESIDENT, Lapres and GENTLEMEN,—lIn the course of this 
cture | am about to attempt to summarise ten years’ work. 
should like at the outset to express my gratitude to several 
llaborators who have aided me on the subject—especially to my 
iend Mr. Edward Whitley, of Oxford, and to Mr. Arthur Webster, 
f London, who have assisted me throughout these researches. 
The results obtained may be of practical interest to the botanist 
dto the chemist, and even to the economist ; but it is not from any 
f those practical aspects that I would like to present the subject to 
ou this evening, but rather from a philosophical point of view. 
e outset of the whole matter is :—How did living things come 
» be on this earth or on any other earth? It is a curious thing 
hat I am standing up here talking to you this evening and that 
ou are all listening to me, if you will reflect upon it that some 
iillions of years ago this earth was a molten mass. Many theories 
ive been put forward to explain how life did come to the earth, 
nd how it could come to the earth. Some only pass on the pro- 
lem to another world, and say that a germ was born in that distant 
orld—that, either by radioactivity or by sunlight, or in some other 
ay, this germ landed upon our earth, and so, by a fortuitous 
mmbination of circumstances, we are all here. There is not any 
lodern theory which passes that limit. All the earlier theories 
§ to how life arose seem to be lacking in that they do not start 
the beginning of things. That is not to be wondered at. In 
le days of van Helmont, the Abbé Spallanzani, and those who 
leceeded them, and even in the days of Pasteur, people were 
king for a sudden evolution of life. That is not a philosophical 
bint of view. Life is not distinct from the inorganic. Any germ 
ving from another planet must have had the property of building 
) energy, or it could not have existed. Therefore there must be 
Pplied some stages that lie between anything, even so simple as 
€ single unicellular alga, and the inorganic world. There must 
some possibility of tracing out a continuity right through from 
¢ inorganic to the organic and up to man. 
VOL. CXTX. 3H 
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It is a remarkable fact that evolution was first discovered in the 
organic world. It might at the outset seem probable that the 
chemist would be the first to discover evolution, but he was not 
It was the biologist who discovered evolution, and the chemist i 
following in his footsteps. 

It appears to me that the fundamental law in all evolution is the 
law of what might be called “‘ complexity,’’—that as soon as it be. 
comes possible for matter to become more complex under the energy 
field in which it exists it obeys the law and becomes more complex 

In the sun, for example, even binary compounds probably dh 
not exist at all. From all that astronomy and spectroscopy teach 
us, even such a stable element as iron is broken up into proto. 
elements. But as the inorganic environment changes it become 
possible for elements, as we know them on earth, to exist, and, at: 
later stage, it becomes possible for simple binary compounds aly 
to exist. Always Nature proceeds on this law of complexity to: 
point at which, as will now be shown, it becomes necessary ti 
establish a new unit. 

I am not going to attempt to enter into the construction of the 
atom. I do not know enough to do so. But it seems that the. 
electron is about the simplest thing possible. The electron, with 
some central basis and with a number of other electrons various) 
arranged, forms the atoms. The atom goes on evolving in com 
plexity, and as it gets heavier and heavier and more complex ther 
comes a period at which that unit reaches its maximum and aij 
reaches its maximum the element becomes unstable. 
here that there appear the radioactive elements. 
is not to be baffled by this new situation. She proceeds to tlt 
simple inorganic compound, and she makes mono-molecules of th 
simplest type. Then she goes on and on with these until a nev 
limit is reached. She adds on to the mono-molecules subsidiary 
molecules, such as the water of crystallisation, and, finally, a stag 
is reached at which fresh building up is impossible. It is n0 
always reached at the same place, but a point in the average i 
reached where she cannot build up more complex molecules, aii 
she then begins to build up colloids. She takes even quite simp 
molecules like silica (SiO,) and combines these into groups of fit 
or sixty molecules. These acquire different properties as they 
on. They become what Graham called metastable. Their reactionyl 
are much slower than those of the simple inorganic compounds, al! 
so we pass on towards life. Always Nature is phasic, and ti 
periodicity of movement becomes slower as the organism becom. 
larger and larger; and it is as it reaches these larger stages that 
begins to react with outside forms of energy in a new manner. 
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It is curious that at the lower temperatures of the air radiant 
energy can come from the sun and build itself up again and form 
things like coal and petrol and all those combustible things from 
which one can make high explosives. 

As the colloid becomes more complex it acquires the power to 
react to the light, and it is only when a stage has been reached 
‘Bat which reaction to light can occur that it becomes feasible to 
build up living creatures. If you reflect about it, it is really strange 
Bhow biochemical energy, the energy of life, comes into everything. 
I do not believe there is a single object in this room that has not 
had biochemical energy concerned in the formation of it. Let us 
[take this glass. How could that bottle have been made if there 
“Bere not the energy of biochemistry to fasten the silicates into it ? 
‘BOurselves, our clothes, the table in front of me, paper, everything 
practically that man is concerned with, arose from light. Light 
was the beginning of all things living: there is no question about 
that. And it was in the water that they began. Three-fourths 
fof our own bodies consist of water now. Nothing happens within 
four bodies that does not happen in solution. It was in the sea and 
in the lakes that life first originated by the bearing down of the sun’s 
nergy upon these inorganic colloidal complexities which were 

ginning to form there. 

Then there was adsorption as in the diatom. These inorganic 
molloids not only form the organic matter, but they build it up into 
Beir own cells; they form skeletons for it. And so we can trace, 
we commence at these beginnings, how life began. We shall 
Pever trace it by studying bacteria. Bacteria could not exist in 
Bis new world. There is nothing for them to live on. There is 
0food for them. The condition is a thousand times worse than a 
oal strike; there is nothing to eat even. Nothing living could 
tise under such conditions that did not possess the property of 
Building up the energy of the sunlight as it came down to it. It is 
P" interesting discovery that in those early days it was the ultra- 
iolet and the blue light that were used, just as a photographic 
Bate uses these rays to-day, and as evolution has proceeded there 

lave appeared more and more delicate sorts of transformers which 
gest even be carefully protected from such rays and utilise instead 
Je slower waves of the spectrum. As you all know, sunlight 

S germicidal to bacteria; they cannot be exposed to it, and so 
Btious colour screens have to be fabricated, such as chlorophyll, 

nd many others, which protect this dawning life from being 

lled by the very sunlight which first originated it. Also it 

es not seem to have been the purpose of Nature, or whatever 

overns Nature, merely to evolve life, because several other changes, 
3H 2 
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which will now be considered, had to occur before life became 
possible down below. 

Let us think of the thing at the beginning. As the light from the 
sun first strikes the earth’s atmosphere, perhaps one or two hundred 
miles above, it is full of ultra-violet light, and violet light. Suc 
light rays as these, if they reached the earth at the present 
moment, would annihilate us; they would simply mean death ty 
the world below. 

The first thing that happens to prevent this is that ozone js 
developed, and by absorption this ultra-violet light is shut out. The 
solar spectrum of sunlight was known to the physicists to be marked 
out, to be limited, by the ozone developed in the upper atmosphere. 
and it has been shown that if there were only a millimetre of 
ozone interposed between quartz plates nearly all this light, which is 
germicidal light, would be shut out. It is not completely shut ou! 
as the light passes through the air and that is why there must le 
these natural colour screens in plants and animals and man, 
Bacteria cannot live in the open in the sunlight, and, as Marshall 
Ward showed, those fungi that live in the open and are not 
under the protection of green trees have to possess some colour 
developed within them, some pigment, so that this light is shut out. 

Another interesting field and one that wants investigation, 
is the effect of short wave-lengths of light on various gaseous 


mixtures. For example, nitrogen and oxygen unite under tle Su 
influence of light, it is true only to a small extent, but they d 
combine and form nitrogen pentoxide and nitrogen trioxide. Al” 
from nitrogen and hydrogen ammonia can be produced. All thes 
changes are of great importance in the atmosphere, before the earth 
or the sea is approached. This 
Next, let us consider the sea, where life first started, and wher at vari 
in the vegetable world, it has only in a comparatively small numle ar 
of species got beyond the algal region yet. The reason why alg Decemb 
still form the preponderating bulk of marine plant life probably ue : 
that the external medium (sea water) gives perfect nourishment ™ 
the alga; it was when plants passed to new environment th] produc 
further evolution was required to conserve the store of alkal, leading 
This conservation of alkali evolved in fresh water as a preliminary appear 
terrestrial life. It is light then that produces the change in ‘™ in the 
springtime, and not temperature. At the end of this lecture | “4 water, 
show you a slide to demonstrate that clearly. When the tempe@ and the 
ture is at its lowest in the sea a tide of life suddenly bursts forth lead up 
As the spring advances the sun is getting higher every day, and “4M as that 
day is getting longer, and one can easily perceive that what mig to turn 
be called a critical angle is reached. I will draw what I mean J bicarbo, 
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the blackboard. Take this line to represent the surface of the sea, 
this arrow the light, and on a November or December day the 
sunlight is coming upon the sea surface. Not only is the day short 
md the light feeble, but practically none of the light will pass 
through. Now come to the equinox about March. Then the light 
breaks through into the sea, and just at that period there is a 
wonderful outburst of life before the temperature has risen at all. 
That is a most remarkable and interesting thing, and also a fact 
of practical importance, because, until that light comes to the sea, 


Fia. 1. 
_ Incident light. Reflected light. 


Vertical 


Surface of sea Surface of sea 


Refracted light. 


This sketch illustrates the direction and intensity of light entering the sea 
at various seasons of the year at a latitude of 55° North. The sun’s 
declination in June solstice being 234° the altitude at noon is (90—55)+ 
23}=584°, at the equinox in March the altitude is 90—55=35°, and in the 
December solstice it is 35—23}—123° only. The variation in the length 
of the day is also to be remembered. The’optimum daily exposure is that of 
the spring; winter is too dark and summer too bright. 


producing the minute floating green plants, the life of the crustacean 
leading up to the life of the herring and the food fishes cannot 
appear. This action of light is the beginning of the whole Spring 
in the sea. At a certain time the light penetrates into the sea 
water, and a day or two later the great sea breaks out into life, 
and there is a long concatenation of generations after that which 
lead up to the varied life of the sea. 'The amount of alkali developed 
as that light enters the sea and acts upon the floating alge suffices 
to turn the sea water alkaline to the most delicate indicator. Calcium 
bicarbonate and magnesium bicarbonate are taken out of the water, 
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and the normal carbonates are turned into the sea, and so there js 
produced a strongly alkaline solution, especially at isolated places, 
like pools on the shore at low tide. I think this has a good deal to 
do with the annual beginnings of life. A different reaction arises 
in the sea water, and it is just about then that reproduction com. 
mences. It is really an intensely interesting change, and one that 
does not happen on land or in higher fresh-water plants. By 
examining the reaction of the sea water it can be determined what 
the crop of the sea is going to be. There can be calculated the 
number of cubic metres of sea water on which the sunlight acts. 
The action of photosynthesis probably descends for about 30 or 
40 metres, and if quantities be calculated out it is found that round 
our shores there is as big a crop of green matter as there is on the 
land, and this sea-crop is all eaten up by one generation of creatures 
after another, and all the life of our seas, and all our fish, depend on 
that simple circumstance, that at a certain time in the year there 
is a sufficient amount of light going into the water to fire off this 
whole train of events. The variation is quite seasonal; you get 
it best in Spring, and then as you go on to July or August it falls off. 
There is too much light. Things get killed off in July and August, 
but at the spring equinox, and again, but in lessened degree, at 
the autumnal equinox, there is reached the largest amount of this 
photosynthesis occurring in the sea. 

If we pass on to the land, a very interesting question confronts 
us. For years I have gone round in the woods looking at the dry 
twigs in the winter time, and wondering to myself how different 
they are when they burst out into green in the Spring. What 
is it that happens? The orthodox botanist will tell you that it 
was due to last year’s storage, that last year the trees stored up 
some material and this suddenly bursts out in the Spring as the 
temperature rises. If you cut twigs and examine into the matter 
with a critical eye, you will find there is very little storage in the 
ordinary plant or tree. It puzzled me for a long time, and I do not 
know that I understand it yet, but I will tell you what my thoughts 
are. Every schoolboy knows that if you take a twig and peel it 
there is a green layer underneath which the botanist calls con- 
cealed chlorophyll. I was wandering across Hampstead Heath 
one spring morning, and I asked myself, “‘ How are these things 
coming into life in a week or two ? ” and I pulled off what lay above 
the so-called concealed chlorophyll and held it up to the sun. 
There was quite a lot of light streaming through it. It was a beauti- 
ful colour-screen which was inhibiting those rays which were 
obnoxious to the plant, which would prevent its growth or kill it, 
and letting through exactly the ones that it wanted for its phot- 
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synthetic work. If you imagine in February or March that you are 
a wizard out in the woods and say, “ Hey, Presto! Get clear of all 
this thin layer of bark,’ you would have a green wood in front of 
you like in the springtime, and that greenness is not concealed ; 
it is only veiled, as I will show you at the end of the lecture. It is 
that light which causes the life to come on land, and in very much 
the same kind of way in the sea, except that there is not so much 
of the critical angle effect described above for the sea, but there is 
a good deal of absorption of light upon land because of the much 
greater length of atmosphere traversed before the rays reach the 
plants. 

Let me put it in this way. As the Autumn goes on towards 
Christmas each day gets shorter. Light grows feebler all the time, 
and what physiologists call catabolic processes (oxidations) in 
the plant prevail over the anabolic processes (reductions). Then 
Christmas is passed, and the longer days come; more light pours 
in, and the situation then turns round the other way. In the 
November and December months more carbon dioxide is formed 
by the plant than corresponds with the carbon absorbed as organic 
compounds. The plant was living on past stores, but as March 
and April approach, all the time beneath that thin film of bark, 
especially on the smaller twigs, there is this layer of chlorophyll. 
It is working away all the time, and reduction outpaces oxida- 
tion, a plethora of stored organic matter rapidly accumulates, 
and finally the buds break out. If you look at the size of these 
things in the spring—observe a tree like a horse-chestnut in bud— 
you will see that the amount of stuff produced is enormous. It 
could not possibly come from reserve stores. The explanation is 
simply that before the green leaf, the most excellent form for 
producing and building up organic things, comes out, its birth is 
heralded by something which is going on underneath the bark in 
this so-called concealed chlorophyll, which really is not a concealed 
chlorophyll at all. 

Just lately I went out with Mr. Edward Whitley to Geneva to 
study the flora of Lake Leman there. We went in search of an 
alga that is supposed not to contain chlorophyll and yet can syn- 
thesise. It is supposed to live at the bottom of the lake. Pro- 
fessor Emil André * took us out in his motor yacht and we got this 
stuff. We found it was only a thin film of material that really was 
hot organic at all. It was chiefly dead diatoms, and other debris 
that had fallen down through the lake. We felt rather hopeless 
at having gone all that way and got nothing, and we discarded 
the yacht and went out in a little rowing boat. We made a 

* Professor of Lacustrine Zoology, University of Geneva 
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discovery which really has been rejoicing me ever since. I haye 
told you that if you expose marine alge to light, the solution 
in which they are exposed turns alkaline, because they build up 
the carbon dioxide and turn out the alkaline carbonates. After 
we had discovered that fact, I asked Whitley to continue the 
investigation at Oxford. He drew a complete negative. He 
could not get any alkalinity as evidence of photosynthesis in any 
of the fresh-water plants then used. We really could not under. 
stand the matter a bit—why we should get it in the sea and not 
get it in the fresh-water. Having been disappointed at Geneva, 
we turned round to try a whole series of these fresh-water plants 
from Lac Leman to discover whether they would go alkaline or 
not, and what we found out as the result was that the fresh-water 
alga behaves like the marine alga, but that the higher fresh-water 
plant does not. It photosynthesises. It builds up nitrogen, but 
it does not give any alkali out to the surrounding medium in which 
it is growing. That is quite an interesting fact in itself, but if you 
think a little longer about it the interest increases, because it was 
only when that sort of semipermeable membrane for alkali estab- 
lished itself that it was possible for anything to emerge from the 
water and step ashore on to dry land. Any of the terrestrial plants, 
a tree or an herb or a blade of grass, cannot part with alkali. It 
cannot behave like a marine alga in the sea and take in bicarbonate 
and give out carbonate again. It must depend on what it takes 
up from its rootlets. It must have a supply of alkali in its own 
substance, and as the sunlight plays upon it it must take in free 
carbon dioxide from the atmosphere, and keep on all the time, 
using over and over again that same supply of alkali that it possesses. 
In other words, it must possess a regulation of alkalinity. It is the 
rudimentary trace of that preservation of alkalinity which runs 
right up to man from this point at the beginning of organised beings. 

In order that animals can flourish on the land, and in order that 
the whole terrestrial civilisation can arise, there must develop a 
system by which the land plant takes its alkali up from the root, 
retains this store of alkali, and simply takes in free carbon dioxide 
and utilises its alkali over and over again to form bicarbonate on 
which the sunlight plays and produces organic maiter. ‘The 
point—and rather’ a beautiful point—is that all this evolution 
happened in the fresh water before the plants emerged. Above 
the algal level that new order of things does establish itself, and 
the higher aquatic plant in fresh-water resorts to terrestrial habits, 
and establishes this condition of affairs, then it can emerge and all 
terrestrial life commences. It is one of the earliest of these adjust- 
ments. Of course, physiologists know other fundamental adjust- 
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ments at different levels. For example, at a certain stage in the 
evolution of fishes there was such an adjustment of the salt level. 
The great majority of the fish that are in the sea, including all 
edible fish, are not any salter than fresh-water fish. They develop 
what is called a certain “ tonicity ’ in their blood, and that saline 
adjustment, once it has been established, persists right up to man 
through all the intervening species. In the same way, we get an 
adjustment of respiration. You can kill a mammal if you over- 
breathe it. In my opinion, a great deal of the evil effects of what 
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was called “ shock ’’ during the war, and is called “ shock ” still 
by the surgeon, is due to a variation in the adjustment of that 
degree of alkalinity. Here then, right down at the algal level, 
ve find now the very first traces of the adjustment of the reaction, 
and of a condition of affairs which makes it possible for life to 
therge on the land. 
Now I will turn to some of my lantern slides, and show you 
the figures in support of what I have been saying. 
Figure 2.—Here there is represented a compilation of a series of 
liferent data. I cannot claim credit that any line of the series 
3u* 
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of data belongs to myself. All I can claim is that I correlate; 
them. On the base-line you see marked out the months of th 
year. Then there are several curves above the base-line which 
are plotted to different scales. They are so plotted as to bring 
them together so that you can study them. The units used ip 
plotting do not particularly matter and need not now be described, 
The point is not exactly how the curves rise, but the interest rathe 
lies in how they follow one another. You will see there is on 
curve that does not follow the others, and that is the temperatur 
of the sea at Port Erin, Isle of Man, over an average of.ten years. 
We come next to the diatoms in the sea on which the life of the 
fishes depends. Observe that in February there are very fe 
diatoms. The light, remember, is increasing all the time, and 
between February and March you see how they increase and get 
to their maximum about April. Then the light gets too strom 
for them and they come down again, and in the winter month 
after August they come quite low down. Look next at the sun 
shine curve following so closely the numbers of diatoms. Anothe 
curve shown there is the total radiant energy. The curve showing 
“ nitrite ’’ is the average amount for the last fifty years at Radelifie 
Observatory, Oxford, of what used to be called “ ozone.”’ Therei 
not any ozone on the surface of the earth. The substance presenf 
and formerly taken for ozone is nitrogen trioxide, and it is quite 
interesting to speculate as to what that means in the air at thé 
surface of the earth. It was supposed that the nitrites and nitrate 
in the air were derived from thunderstorms. There is not thi 
least evidence at all to support this view. You can take the rail 
that falls after a thunderstorm and you will find no more nitritf 
in it than you will find in an ordinary shower. The amount preset 
at any given time does not follow the amount of electric disturbance 
in the air, and you can see by the diagram, on the other hand 
how very closely it does follow the sunshine. That is quite al 
interesting point, because plants take up these nitrites from tht 
air and nourish themselves from it, and there is a considerablé 
amount of direct nutrition of plants accomplished in that way by the 
simple taking up of nitrites. I think also it is worth the while o 
the chemist to look into the matter from the point of view as to how 
accumulations of nitrites occur on the earth’s surface. Such deposit 
are usually found in Peru and India, where there is so little rail 
to begin with, where there is intense sunlight, and where there pr 
bably is some supply of alkali to fix the nitrogen trioxide, becaus 
we do not find it as acid, but as the salts, sodium nitrate and sodiut! 
nitrite. Another important photosynthetic reaction is that 
which nitrates pass over into nitrites. To carry it out you wal 
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This series of spectrograms, and the figures for alkalinity developed as 
shown over each spectrum, illustrate the photo-synthetic activity of each part 
of the solar spectrum, and demonstrate that all regions are utilisable and 


not merely the regions of the absorption bands of chlorophyll. It is also 
to be noted, as described in the text, that the longer wave-lengths in red, 
yellow, and green are the most active. From left to right the coloured 
screens are to the eye: No. 1, full spectrum; No. 2, red screen; No. 3, green 
screen; No. 4, yellow screen; Nos. 5 and 6, blue and violet screens. 

My thanks are due to Mr. J. E. Barnard, late President of the Royal 
Microscopical Society, for taking these spectrograms for me. 


| Z'e face Trans., p. 1565. 
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nothing more elaborate than an ordinary soup plate, putting into 
it a solution of one part in ten thousand of sodium nitrate, exposing 
it for an hour or two to such sunshine as we are having at present, 
and you will get an intense reaction, showing that nitrite is developed. 
That reaction means the uptake of energy. The number of these 
endothermic reactions that we have hitherto discovered is very 
small. The one in the green cell is the most predominant of all, 
but a similar reaction occurs between nitrates and nitrites with 
uptake of the energy of the light. That is without a green cell 
at all. In the presence of a green cell you get a fixation in the form 
of protein of amino-nitrogen from the atmosphere when you have 
no nitrate whatever present. That has been disputed for about 
one hundred and fifty years, but after a good deal of work I have 
not the remotest doubt that both the lower and higher plants do 
build up nitrites and nitrates and form organic nitrogenous com- 
pounds from the free nitrogen of the atmosphere. Those are the 
main points about that diagram. What I want to point out is 
that the outburst of Spring has not much to do with the tem- 
perature of the sea, but it has a great deal to do with the amount 
of sunshine. A great deal of our life, unconsciously to us, is 
bounded by sunshine. Many unhealthy lives are produced by the 
lack of sunshine. If you get either too much or too little sunshine, 
there is ill-health over the whole world. We do not realise at all 
to what extent we are dependent on a properly modulated amount 
of sunshine throughout the year. 

Figure 3—This is an experiment showing to what extent 
different regions of the spectrum take a part in photosynthesis. 
You see the spectrum under a plain glass under sunlight only 
showing 10°6 c.c. of alkalinity * after a given exposure. Then we 
get 8 c.c. with that simple bit of reddish-yellow light shown in the 
second spectrum alone remaining for photosynthetic action. In 
the fourth one there is almost as much, namely, 10°4 c¢.c., as in the 
full sunshine, although all the intermediate parts of the spectrurn 
are shut out. The next two show how poor the blue light is in 
producing photosynthesis, the amounts being 2°7 and 2°9; this is, 
of course, quite different from the photographic plate. There are 
two things shown by this set of spectra and their accompanying 
figures. First of all, that it is not merely in the region of the 
absorption bands of chlorophyll that photosynthesis occurs, but 
all throughout the spectrum. And secondly, that there has been 
evolved in the living green cell a mechanism, contrary to those 


bs That is, when 10 c.c. of sea-water in which the alga has grown are titrated 
with N/100-sodium hydroxide. The time of exposure was about five hours 
in all cases. 
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utilised in the beginning of organic things and to those affecting 
our photographic plates and ordinary chemical processes, a 
mechanism dealing with lower wave-lengths, and one which has 
to protect itself, by its colour screen, from the blue and _ ultra. 
violet, or else it gets killed. 

Figure 4.—This experiment shows how growth may be stimu. 
lated by adding artificially oxides of nitrogen or sodium bicar. 
bonate. What I did was to take a closed jar with a screw-down 
top and then in some cases put slanting side-tubes in, leaning 
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To illustrate arrangement of screwed-down jars to show fixation of nitrogen 
and carbon. Similar arrangements can be made to demonstrate the nutrition 
of alge from methyl alcohol, formaldehyde, and other poisonous simple organi¢ 
substances. The nutrition tubes must be so narrow that the algal cells can 
utilise the poisonous nutrients as rapidly as they are evolved. 


against the wall of the jar. In some cases no tubes were inserted 
and in others simply a little solid sodium bicarbonate, in others 
system which would slowly evolve nitrogen trioxide and in stil 
others tubes which would evolve both gases. You see the amount 
of fixation of nitrogen in each case. With no additions at all 
with the vessel quite closed up, one gets almost 4 milligrams of 
fixation of nitrogen. A small figure, you may say, but it is 0 
smaller than that on which previous observers depend for all prod 
of the nitrogen-fixing bacteria and azotobacter. Then, if you pu! 
in some sodium bicarbonate you get an increase in the figure from 
3-46 to 5-4; that is to say, the small partial pressure of carbon 
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dioxide coming back from the sodium bicarbonate took the place 
of the carbon dioxide of the air which got exhausted in the jar 
when it was closed, and if you supply the sodium bicarbonate so 
that you get carbon dioxide coming out of the side tube, then at 
once this increase in fixation of carbon commences. I simply put 
a very narrow piece of glass tube drawn out like a test-tube into 
the sealed jar, with either one tube of sodium bicarbonate, or two 
tubes, one containing sodium bicarbonate and the other a little 
nitrite and very dilute acid to give off a small amount of nitrogen 
peroxide. You see the effect when you supply both. That is 
what manures do. They provide that stimulus at a certain period 
when the young plant wants it, to produce more rapid and enforced 
growth. ‘They are stimulants similar to what physiologists call acces- 
sory food-stuffs. They carry the plant on through a certain stage, 
and I think that is the main purpose of manures and not direct 
building into the plant. The weight of rich manures supplied is 
many times smaller than the increase in the crop. Manures remove 
certain limiting factors of growth. 


Nitrogen fixed. 
Nos. 1 and 2 (no additions) 
Nos. 3 and 4 (sodium bicarbonate only) 
Nos. 5 and 6 (oxides of nitrogen only) 
Nos. 7 and 8 (both sodium bicarbonate and oxides of nitrogen) 


ENDOTHERMIC FORMATION OF NITRITES FROM NITRATES. 


The amounts of heat involved and differences in transition 
from one oxide of nitrogen to another are shown in the following 
table given by Mendeléeff, in which the numbers in the upper 
row represent thousands of gram-calories for a gram-molecular 
formation from the elements; and the lower shows in thousands 
of gram-calories the heats of transition from one oxide to the 
other : 


N,O , 2 N,0, N,0; 


— 2] pe — § 


—1 
+4 


This table shows that in passage from N,O, to N,O,, a supply of 
energy must be given to the reacting system amounting to 4 + 
\7 = 21 thousands of gram-calories for each gram-molecule con- 
verted. 

This table shows that there is an endothermic effect or absorp- 
tion of light energy in the building up of the nitrogen trioxide. 


1568 MOORE: PHOTOSYNTHETIC PROCESSES IN THE AIR, 


The top line shows the amount of energy. If you take nitrate 
—this extreme right side—and pass that into N,O,; that is to 
say, from nitrate to nitrite—and the sun does that for you— 
there are 21 kilo-calories per gram-molecular weight going from 
HNO, to HNO,. This is a very considerable accumulation of energy 
and it is going on all the time wherever nitrates are exposed to 
sunlight. We have known for a very long time the same thing 
about carbon. We have only recently acquired the same know. 
ledge about nitrogen. If you get the inactive nitrates coming up 
from the soil into the leaf and being exposed to the sun, that 
action proceeds with the uptake of energy, and these nitrites are 
ever so much more active physiologically than are the nitrates, 
and that is the beginning, in my estimation, of the formation of 
the proteins in the plant—that you first of all get your nitrates to 
your nitrites. Ordinary running water as it comes down, or dev, 
contains these nitrites. If you allow water to stand for a day or 
two in the dark, or in a cistern or reservoir, or take it from an 
ordinary tap, you get no nitrite; but you have only to take that 
tap water, or water that has stood for some time, and put it in 
a soup plate in the face of the sun for two or three hours, and you 
get your reaction of nitrite at once. An endothermic reaction 
takes place and the nitrite is formed from a nitrate. 


FrxaTIon or NrrroGen BY MARINE ALG. 
CONDITIONS OF EXPOSURE TO LIGHT. 


Exposures. 


Nos. 1 and 2.—Kept with lids tightly screwed on in such daylight 
and sunlight as were available outdoors. 

Nos. 3 and 4.—Ditto, but instead of tightly screwed-on lids 
these were covered above only with a double layer of muslin, % 
that there was free access of atmosphere. 

Nos. 5 and 6.—Exposed to diffuse light only indoors on shelf in 
laboratory, with lids tightly screwed on. 

Nos. 7 and 8.—The same as to light, but open, with muslii 


covers only. . 
Nos. 9 and 10.—Kept in complete darkness in cupboard with 


lids tightly screwed on. 
Nos. 11 and 12.—Also kept in darkness in cupboard with musi 


covers only. 
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Results. 


Experiment of March 28th—April 5th, 1919 (seven days’ interval). 
3 3. 4. 5. 


water, 
Kjeldahl 
In mg. for entire 


quired to neutralise ' 
case, 2 grams in 
800 c.c. of sea- 


to phenolphthalein 
on the dates given, 
Total nitrogen by 


Daily titration in c.c. 
Dry weight at end. 


of V/100-acid in 100 
c.c, of sea-water re- 


Wet weight at end. 
Initial weight in each 


Nature of exposure. 


ee 


], Sunlight, in shut jars, out- April 2. April 
doors 9: f 0°476 11°3 
2. Sunlight, in open jars, out- 
doors 9° ‘ 0°457 12°4 
3. Diffuse light, no direct sun, 
on shelf indoors. Shut 
j 0-284 
4, Same exposure as No. 3, 
but jars open ‘ +1: 1°47 0°285 
5. Darkness, in cupboard. 
Shut jars ; —14 1°45 0°259 
6. Same as 5, but jar open “2 —0°3 1°50 0°275 
Nore.—At the end the contents of each pair of similarly exposed jars were 
united for purposes of analysis so that No. 1 in “ Results’ corresponds to 
Nos. 1 and 2 in “‘ Exposures,” No. 2 in “‘ Results” to Nos. 3 and 4 in “ Ex- 
posures,”? and so on. 


These results show the fixation of nitrogen by marine alge. 
Nos. 1 and 2 were exposed to sunlight. No. 1 was in a closed 
jar, and No. 2 was in an open jar. Nos. 3 and 4 were in a 
diffused light. Nos. 5 and 6 were kept in darkness. The jars 
in light were exposed for five days with fair sunshine, not nearly 
so intense as we are enjoying at present. You see how the wet 
weights run up and down in light or dark. They were all 2 grams 
to start with, and you see how the ones in the sunlight have gone 
up, and the others down, although the jars were shut in several 
cases. Next there is the dry weight, which shows a similar con- 
dition of affairs, and then there is the total nitrogen estimated by 
the Kjeldahl method. Fixation of nitrogen takes place without 
any appearance whatever of the production of bacteria. They 
remained perfectly clear, and to fix that amount of nitrogen by the 
azotobacter the amount of turbidity would be unmistakable. All 
observers on such bacteria state that their media became turbid 
or milky. These algal growths do not get milky. I do not want 
to pursue that argument too far, but it seems to me that it is 
intensely interesting—whether it is done by two things working 
together, one of which is a bacterium, or by the green cell alone. 
Suppose we grant there are bacteria. There is an association of 
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the two things together. There is a process instituted by which 
an energy transformer can take hold of sunlight, and by means 
of that sunlight capture the nitrogen of the atmosphere and convert 
it into proteins. That is far more important than worrying our. 
selves as to whether it is done by the green plant alone, or by the 
green plant plus some bacterial agency. 

The table given below shows in similar fashion the fixation of 
nitrogen by fresh-water alge. The organisms were simply sew 
into each jar in fresh-water. 

In order to save space in tabulation the amounts of nitrogen 
found by the Kjeldahl determination carried out at the conclusion 
of the experiments are here placed opposite the description of the 
treatment of each jar: 

No. 1.—Tap-water and algz only, glass lid screwed down, keyt 
in light. N = 0-3 mg. 

No. 2.—Tap-water and alge only, no glass lid, top covered by 
fine lawn, kept in light. N = 1-6 mg. 

No. 3.—Tap-water and alge only, screwed down, no glass lid, 
kept in darkness. N = 0-1 mg. 

No. 4.—Tap-water and algz only, covered by fine lawn, kept in 
darkness. N = 0-3 mg. 

No. 5.—Tap-water, alge, 2 c.c. of 5 per cent. Na,HPO,,12H,0 
(that is, 0-05 per cent. of Na,HPO,,12H,O), lawn cover only, kept 
in light. N = 8-1 mg. ' 

No. 6.—Tap-water, alge, 0-05 per cent. of Na,HPO,, screwed 
down glass lid, kept in light. N = 1-0 mg. 

No. 7.—Tap-water, alge, 0-05 per cent. of Na,HPO,, 0-05 per 
cent. of NaNQ,, lawn cover only, kept in light. N = 12:3 mg. 

No. 8.—Tap-water, alge, 0-05 per cent. of Na,HPO,, 0-05 pe 
cent. of NaNQ,, screwed down glass lid, kept in light. N = 0-7 mg. 

No. 9.—Tap-water, alge, 0-05 per cent. of Na,HPO,, 0-05 pet 
cent. of NaNO,, formaldehyde vapour at high dilution suppliel 
from side-tube as described below, glass lid screwed down, kept it 
light. N = 3-8 mg. 

No. 10.—Tap-water, algz, 0-05 per cent. of Na,HPO,, no NaN, 
formaldehyde vapour, glass lid screwed down, kept in light. 
N = 1-0 mg. 

No. 11.—Tap-water, algew, 0-05 per cent. of Na,HPO,, 0-05 pet 
cent. of NaNO,, dilute methyl alcohol vapour supplied from side 
tube, glass lid serewed down, kept in light. N = 7-4 mg. 

No. 12.—-Tap-water, alge, 0-05 per cent. of Na,HPO,, no NaN, 
dilute methyl alcohol vapour from side-tube, glass lid screwed 
down, kept in light. N = 1-1 mg. 

It is observable from the particulars given for assimilated nitrog? 
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that this occurs even when no nitrogen is supplied. Any nitrogen 
supplied from without is returned and more with it, but even in those 
cases where none is supplied to the plants they still grow and fix 
organic carbon and nitrogen. Another quite interesting point shown 
in that experiment is that you can use things which are very poisonous 
to plants to supply them with food, if only you conduct the thing 
in the proper way. There has been a long-continued dispute over 
von Beyer’s hypothesis that formaldehyde is the first substance 
formed in the photosynthesis in the way of carbon compounds, 
and observers have put formaldehyde, in various concentrations, 
into solutions, and usually they found that it killed the plant cells. 
On the other hand, if you take extracts of chlorophyll from plant 
tissues and expose them to the light they form formaldehyde 
themselves. These processes are reversive. The way to get at 
the thing with some success is not to put the formaldehyde or 
these other poisonous things into the solution, but to use a side- 
tube such as has been sketched above (Fig. 4, p. 1566). You just 
put your ordinary medium down with the materials in it, and 
place in the side tube formaldehyde in a dilute condition. Then 
you get the effects observed in the table given above, Nos. 9, 10, 
11, 12. The nitrogen gets fixed. The formaldehyde is built into 
carbohydrates, fats, proteins, and other materials. This occurs only 
with a certain intensity of light. The germicidal action of sun- 
light may simply be a reversal of that process. If you take a 
green cell and expose it to ultra-violet light, you have to expose 
for a very long time before it is injured. If you take a thing like a 
tubercle bacillus—in fact, any colourless bacteria-—and expose it, you 
will kill it in a minute or two. The poison may not be formaldehyde 
alone, for it is remarkable how organic compounds and living 
organisms disintegrate under the action of light, forming simpler and 
lethal substances. If you can imagine the living cell being invaded 
by formaldehyde produced by the action of light, you can readily see 
how it can be killed. All things in Nature are reversive. The 
world does not always go in the same direction. One time it is 
building up, and another time breaking down, just like the coming 
of the Summer and the Winter, and all the cycles that occur in 
Nature. Take such things as the heart-beat. It contracts; that 
is its period of activity. It relaxes; it carries out exactly the 
reverse process. Everything in Nature is phasic, and it is as a 
result of that phasic variation that we are able to progress in 
evolution and build up from one thing to another. Take all the 
pools round the coast. In winter they are acid. As the spring 
goes on they get more and more alkaline. You see the possibility 
that is expressed there for producing natural variations. One pool 
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may be considerably more alkaline than another, and some new birth 
of creature may arise in it simply because its reaction is entirely 
changed. It is only due to the conservative processes of Nature that 
we do not get a series of weird races and things arising to every change 
of environment. Nature millions of years ago invented methods by 
which the reactions of our bodies, the fluids of our own bodies, are 
kept within excessively narrow limits, and it is probable to my mind 
that it may be variations outside those limits occurring in these 
ways which cause new species of creatures to arise. There is all the 
time a stability. I want to impress that as the key-note of the 
whole thing. The pot seems to boil over, so that from a position 
of extreme instability it passes once more over into a position 
where it is stable and can begin to make a new movement forward. 
It goes up from the electron right into our social relations of the 
present time. We all know how the pot is boiling now. We do 
not know what is going to happen to the pot, but even at the level 
of sociology there is this same principle going right through that 
starts out at the beginning. Evolution has its periods of activity 
and its periods of rest, and I am quite certain that it was nothing 
fortuitous whatever that brought life to this world, and that given 
the same train of chemical and physical events in any other part 
of the universe, I will not say that human beings may have arisen, 


but the same changes and complexities must absolutely have 
arisen. There must be thousands of worlds in which there is some 
form of life, some form of activity comparable to our life, and 
intrinsically in its essence the same as our life. 


BIBLIOGRAPHY. 


Part of this lecture relates to matters which have not been 
published before, such as the sudden outburst of Spring on land and 
sea, and the transparency of the screen overlying chlorophyll 
under the twigs before the new leaves appear. The remainder 
has chiefly been recorded in the Proceedings of the Royal Society 
during the past ten years. The whole has been drawn together 
in a volume recently published by Mr. Edward Arnold entitled 
“‘ Biochemistry, a Study of the Origin, Reactions, and Equilibria 
of Living Matter.’ An earlier account will be found in a volume 
in the Home University Library on “ The Origin and Nature of 


Life.” 
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CLXXXITI.—The ortho-Dimethylanthraquinones and 
their Derivatives. 


By ArtTuur FAIRBOURNE. 


Tue original reason put forward in favour of the accepted or 2:3 
structure for the only previously known o-dimethylanthraquinone, 
and for its derivatives, was based on analogy showing the im- 
probability of formation of the 1: 2-dimethyl isomeride during 
the dehydration of 0-3 : 4-dimethylbenzoylbenzoic acid (Elbs and 
Eurich, Ber., 1887, 20, 1361; Elbs, J. pr. Chem., 1890, [ii], 41, 6), 
an argument still held to be valuable (Barnett, “‘ Anthracene and 
Anthraquinone,”’ 1921, 33). Before the war, however, the author, 
who was then working with Dr. Weizmann in Manchester University, 
succeeded in separating a product from this particular dehydration 
which was quite unlike the quinone described in the literature, 
but which gave evidence, nevertheless, of capability of bromination 
and of oxidation to an o-dicarboxylic acid. 

It appeared probable, therefore, in spite of the arguments previ- 
ously put forward against the likelihood of its being produced, 
that this was the unknown | : 2-dimethylanthraquinone, or, alterna- 
tively, that it was the 2 : 3-dimethylquinone, and that the substance 
hitherto accepted as having the 2 : 3 structure was in reality either 
of a different constitution, in common with all substances derived 
from or connected with it, or was a mixture of the 1:2 and the 
2:3 isomeric forms. 

In the event of its being a mixture of this kind (compare varia- 
tions of more than twenty degrees in the melting points of’ the 
specimens described by Elbs and Eurich and by various other 
experimenters; Limpricht, Annalen, 1900, 312, 99; Willgerodt 
and Maffezzoli, J. pr. Chem., 1910, [ii], 82, 205; Heller, Ber., 1910, 
43, 2890), then the additional evidence for the accepted 2:3 
structure of all these substances which has arisen (Barnett) from 
the dissimilarity of the corresponding dicarboxylic acid, m. p. 340°, 
obtained by the oxidation of this dimethylquinone (Elbs and 
Eurich), with that obtained from other sources (Scholl and Swinger, 
Ber., 1911, 44, 2992), m. p. 268°, and undoubtedly having the 
1:2 structure, is rendered uncertain, since the former acid of 
high m. p. obtained by Elbs may have come from either constituent 
of the isomeric mixture on oxidation, a possibility independently 
indicated by the fact that the latest worker (Heller) finds that 
this acid, made by the method of Elbs and Eurich, but obtained 
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in a purer condition, does not melt at 340°, the temperature they 
state. 

Moreover, the only remaining argument in favour of the 2:3 
structure for all these substances (Elbs and Eurich) is that on 
reduction a dimethylanthracene has been produced, whilst a sub. 
stance with a methyl group in the position | would in all probability 
have given quite a different type of compound, owing to the simul. 
taneous interaction of this methyl group with the reduced carbony| 
group of the anthraquinone radicle; but this argument is also 
rendered invalid, since the specimen of dimethylanthracene obtained 
may, like the dicarboxylic acid just mentioned, have come from 
either constituent of the isomeric mixture used, especially as no 
good yield is claimed in the description of this experiment. 

For some time after the conclusion of the war o-xylene was 
unobtainable, and the author wishes to take this opportunity of 
expressing his thanks to Professor Crossley for very kindly offering 
a large private supply of this pure chemical to enable the work to 
be restarted, and the problem of the structure of these materials 
to be solved. 

Phthalic anhydride and o-xylene were allowed to react in the 
presence of aluminium chloride to give o-dimethylbenzoylbenzoic 
acid as usual, and this acid was then dehydrated in a manner 
similar to that used by previous experimenters, but both possible 
o-dimethylanthraquinones resulted, and each has successfully been 
isolated. 

At first, in view of the published statements already referred to, 
that reaction (e) was very improbable, it might be supposed that 
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the isolation of both III and IV (although it was not known which 
product was represented by which formula) necessarily proved 
the existence both of I and II as requisite intermediate products in 
reactions (a and c) and (b and d) respectively; but subsequent 
careful fractional crystallisation of the sharply melting benzoyl- 
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benzoic acid used, and separate dehydrations of the successive 
crops of crystals obtained in this way from different solvents, 
have always yielded both quinones in quantity, whence the whole 
of the benzoylbenzoic acid used is proved to have the structure II, 
since I would be incapable of yielding IV by any reaction, a con- 
clusion as to the structure of the acid which is in accordance with 
previous beliefs and proofs (Meyer, Ber., 1882, 15, 636). 

From this proved constitution of the specimens of acid actually 
used in these particular experiments, it necessarily follows that 
products IIf and IV must have the constitutions here assigned 
to them, unless wandering of the methyl groups has occurred ; 
and such wandering, moreover, does not take place during these 
reactions, for, as will be shown later, each of these isomerides 
oxidises to a corresponding o-dicarboxylic acid capable of forming 
an anhydride. 

The proof as to which isomeride is represented by the 1 : 2- and 
which by the 2 : 3-dimethyl structure has been achieved by com- 
paring these acids with the 1: 2-dicarboxylic acid prepared by 
Scholl and Schwinger; and has then been independently confirmed 
by condensing both the 1 : 2- and the 2 : 3-anhydrides with benzene 
to give 1: 2-phthaloylanthraquinone (VII) and dinaphthanthra- 
diquinone (VIII) (compare Philippi, Monatsh., 1911, 32, 631; 
Scholl and Seer, Annalen, 1912, 394, 159; Mills and Mills, T., 
1912, 101, 2194) respectively, thus : 


CO CO-OH co 
mY = XDD) 
Wee AA ee 
GO GO 
(V.) Identified. (VIL.) 
CO co CO 
P\V\“Neoen APPS ST 
id a a lcO-OH — |} | | | 
\ANZNZ WF 
CO co ~ GO 
(VI.) (VIII.) Identified. 


As shown by the above formule, the established identity of these 
products satisfactorily fixes the structure of all the materials 
involved, the quinone with m. p. 150° being therefore the 1 : 2- 
dimethylanthraquinone, and the other, m. p. 208°, the 2:3- 
dimethylquinone. Elbs and Eurich, whose quinone melted at 
183°, must consequently have been dealing with a mixture of 
these two, and the specimens of higher m. p. described by Lim- 
pricht, m. p. 200°, and Heller, m. p. 205°, must also have been 
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mixtures, but increasingly rich in the 2 : 3-dimethyl isomeride. Of 
these, only the specimen (m. p. 183°) of Elbs and Eurich was 
employed for supposed structural identification, and, as is now 
seen, it must certainly have contained the quinones of both possible 
ortho-structures in very considerable quantities, and it must, more. 
over, have given rise therefore to mixed derivatives belonging both 
to the 1:2 and the 2:3 series of substituted anthracene and 
anthraquinone products. Further, the quinone described by 
Willgerodt and Maffezzoli, and supposed by them to be the pure 
2 : 3-dimethyl isomeride, which they used in their preparation of 
the dicarboxylic acid required for the attempted synthesis of the 
anthraquinone analogue of indigo, was almost certainly the same 
mixture as that used by Elbs and Eurich, since its preparation was 
stated to be identical with theirs, and since no difference was 
recorded between its properties and those which Elbs and Eurich 
had already described. This lack of evidence as to isomeric purity 
is doubly unfortunate in this particular case, in so far that not 
only are the constitutions of all the interesting substances syn- 
thesised thus rendered uncertain (for, from the details given, some 
at least, for example, the dicarboxylic acid and its anhydride, must 
have been mixtures), but, also, although it has never been so 
claimed, their work would have been an entirely successful deter- 
mination of the structure of all these ortho-disubstituted anthra- 
quinones now in doubt, had the isomeric purity of the initial 
dimethylquinone previously been assured; because from. this 
dimethylquinone the dicarboxylic acid was prepared (m. p. not 
stated) and this was successfully converted into an anhydride, 
imide, half amide, and amino-acid, and the last compound was 
proved to have both its amino- and its carboxyl groups in {-positions 
by the elimination of each alternatively, leading to identifiable 
8-monosubstituted anthraquinones in both cases, thus : 


CO CO 


A\A\A\co. LS Fie 
qv..—>/ | | \CO-OH a tT 7 4 \cO-0H 


\A\AZ\/ NH rae 
CO 
ee 
“thy co 
“a -YY 


ae” 
FeO ee i, 
CO 


A repetition of this work with either of the now separated iso- 
merides has not, however, as yet been undertaken, owing to the 
previously mentioned method of determination of structure having 
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offered less experimental difficulty, and having afforded, in addition, 
an independent confirmation of the structure of the second isomeride, 
and of its 1 : 2 series of derivatives, as already explained. 

Anthracene- and anthraquinone-2 : 3-dicarboxylic acids, 2 : 3- 
dimethylanthracene and dimethylanthranol, the above-mentioned 
compounds of Willgerodt and Maffezzoli, and all substances con- 
nected with these, are examples of compounds the characterisation 
of which has suffered from the existence of this unsuspected | : 2- 
dimethyl isomeride in what has previously been accepted as the 
pure 2: 3-quinone. Certain of these compounds have now been 
prepared isomerically pure, as described in the experimental portions 
of this paper, whilst others, and also many corresponding reactions 
in the 1 : 2-series, are at present under investigation by another 
member of this College. 


ExPERIMENTAL. 


0-3 : 4-Dimethylbenzoylbenzoic Acid : Absence of its Isomeride. 


This was prepared by reaction (a), the method of Elbs and 
Eurich (loc. cit.; compare Limpricht, loc. cit.; Willgerodt and 
Maffezzoli, loc. cit.; Heller, loc. cit.), but after the acid had been 
obtained in a pure condition with a sharp melting point, it was, 
nevertheless, fractionally crystallised from chloroform, and also 
from acetic acid, many times, the various crops of crystals being 
then separately submitted to reactions (c) and (d) as described below. 
Since both these possible dehydrations always occurred simul- 
taneously, yielding both III and IV in quantity from every fraction 
of acid used, all confusion due to the possible presence of 0-2 : 3- 
dimethylbenzoylbenzoic acid (I) in the following experiments has 
been entirely eliminated, this isomeride being incapable of yielding 
IV under any conditions; and thus the arguments used in the 
theoretical and in subsequent portions of this paper have been 
justified, and any trouble which might otherwise have arisen owing 
to the possible presence of the m- or p-isomeride in the o-xylene 
has also been obviated. : 


1 : 2-Dimethylanthraquinone (III). 


A mixture containing about 80 per cent. of the 2: 3- and about 
20 per cent. of the 1 : 2-isomeride was prepared by reactions (c) 
and (d) simultaneously from each of the fractions of the dimethyl- 
benzoylbenzoic acid mentioned above, by a method similar to 
that used by Elbs and Eurich, and later investigators, for the 
preparation of the mixed quinones. One part of the benzoy]l- 
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benzoic acid dissolved in 10 parts by weight of concentrated sul- 
phuric acid was warmed gradually to 125° during half an hour, 
kept at this temperature for fifteen minutes, and then poured on 
ice. The precipitated light yellow powder was filtered, washed 
with water, sodium hydroxide solution, and again with water, 
and dried in a steam-oven. The dry powder, the yield of which 
was almost theoretical, was found to correspond with what previous 
experimenters have described as slightly impure 2 : 3-dimethyl- 
anthraquinone. 

The 1: 2-dimethylquinone was isolated from this mixture by 
taking advantage of the varying solubilities of the isomerides in 
acetic acid and acetone. A solution containing 12 c.c. of boiling 
glacial acetic acid for every gram of the isomeric mixture was 
filtered, allowed to cool, and kept during one hour. The crystals 
obtained were removed, and the mother-liquor was largely diluted 
with cold water, when a very pale powder separated. This was 
filtered off, washed with sodium hydroxide solution and water, 
dried, and crystallised from acetone several times. Quick crystal- 
lisation, caused by the addition of a small quantity of the pure 
material to the cooled, supersaturated solution, was used after 
this had once been obtained, and filtration was then carried out 
before crystallisation of the 2: 3-isomeride had taken place. In 
some cases a final crystallisation from glacial acetic acid was also 
performed in order to leave the product in a state comparable with 
that of its isomeride in these experiments, but this had no effect 
on the properties of the washed and dried substance. From either 
solvent small clusters of nearly white needle crystals, m. p. 150°, 
were obtained, soluble in ether, alcohol, or benzene, and stable 
to alkalis and to hot alkaline potassium permanganate. A red 
coloration was produced, however, when this material was treated 
with ammonia and zine dust (Found: C = 81-2; H = 5-1. Cale., 
C = 81:36; H = 5-08 per cent.). Its structure is proved by its 
method of formation and its oxidation to the 1 : 2-dicarboxylic 
acid described below, and is confirmed by the condensation of its 
2 : 3-isomeride with benzene, as has been explained in the theoretical 
portion. 


2 : 3-Dimethylanthraquinone (IV). 


The isomerically pure 2 : 3-dimethylquinone was obtained from 
the crystals deposited during the first, or acetic acid, crystallisation 
referred to in the preceding preparation. ‘These were recrystallised 
several times from fresh glacial acetic acid, then washed with 
water, and dried in an air-oven. With the exception of the higher 
melting point (208°) already referred to, the properties of this 
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substance did not differ from those given by previous experimenters 
for the unseparated isomerides (Elbs and Eurich, loc. cit.; m. p. 
183°) (Found: C = 81:3; H= 5-1. Cale., C = 81:36; H = 5-08 
per cent.). 


Anthraquinone-2 : 3-dicarboxylic Acid and its Anhydride. 


The isomerically pure 2 : 3-dimethylanthraquinone was oxidised 
to the corresponding dicarboxylic acid in a manner similar to 
that by which Elbs and Eurich oxidised the mixed quinones. 
One part by weight of the pure quinone was heated with 
even parts of diluted nitric acid (D 1-1) at 200° for six hours. 
The crystalline product was filtered, washed with water, and 
rerystallised from acetic acid. The crude product, the yield of 
which was almost theoretical, did not melt at 350° (compare Elbs, 
m. p. 340°). In its general properties it was in agreement with 
Elbs’ dicarboxylic acid ; no coloration was produced during solution 
in alkalis, however, unlike the specimen described by Elbs, which 
appears therefore also to have been a mixture of the two possible 
isomeric forms, as were the quinones from which it was made. 
The acid readily passed into an anhydride by treatment with 
etic anhydride, or by fusion or sublimation. This did not melt 
at 300° (compare Elbs and Eurich, m. p. 290°), but otherwise its 
properties were similar to those of the anhydride previously de- 
xribed (Found for the acid: C = 64-7; H=2-9. Cale., C= 
486; H = 2-7 per cent. Found for the anhydride: C = 69-4; 

= 2-5. Calc., C = 69-1; H = 2-2 per cent.). 

A comparison of the properties of these substances, especially 
their high melting points, with those of the corresponding acid 
ind its anhydride made from the 1| : 2-dimethylanthraquinone, as 
described immediately below, will be seen to prove this acid to 
te definitely the 2 : 3-dicarboxylic isomeride. 


Anthraquinone-1 : 2-dicarborylic Acid and its Anhydride. 


The oxidation of the 1 : 2-dimethylanthraquinone to its corre- 
ponding dicarboxylic acid was identical in method with that used 
or its isomeride, except that a temperature ten degrees lower was 
found advisable. The yield was again very good, a mass of fine 
yellow. needles resulting, which, when crystallised from water, 
melted at about 265°, and when treated with acetic anhydride 
btecipitated the corresponding anhydride, m. p. 320° (approx.); 
ind in other respects the properties agreed with the recorded 
descriptions of this substance (Badische Anilin- & Soda-Fabrik, 
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Fr. Pat. 1910, 423986; Scholl and Schwinger, Ber., 1911, 44 
2992; Scholl, D.R.-P. 1911, 241624; 1911, 243077). Since all the 
specimens previously described have been prepared by the breaking 
of a benzene ring attached in the 1 : 2 positions to an anthraquinone 
radicle, there can be no doubt that the carboxy! groups, and the 
methyl groups of the o-dimethylanthraquinone from which it was 
prepared, are also in the 1:2 positions, as has already been 
explained. 
Dinaphthanthradiquinone (VIII). 


Dinaphthanthradiquinone (lin.-dibenz-1 : 4 : 5 : 8-anthradiquin. 
one) has been successfully prepared from 2 : 3-dimethylanthra- 
quinone, thus independently confirming its 2:3 structure. The 
anhydride (10 grams) of the dicarboxylic acid prepared as described 
above, was warmed with benzene (1 litre) and aluminium chloride 
(10 grams) until the reaction started, and the mixture was cautiously 
heated throughout the progress of the reaction until hydrogen 
chloride ceased to be evolved. The reddish-yellow product was 
treated with water and hydrochloric acid, and was extracted with 
further portions of benzene. These extracts were evaporated and 
to their residue was added a yellow solid which had remained 
undissolved during the extractions. This product was then purified 
by precipitation from solution as an ammonium salt, but this 
purification of the acid led to so much difficulty that it has not 
as yet been completed, although the crude acid obtained was 
sufficiently pure to be dehydrated. It was heated gradually in 
twenty parts by weight of concentrated sulphuric acid to 110, 
and maintained at that temperature for ten minutes, after which 
the black solution was filtered through glass wool, and diluted 
largely with water. The precipitate was washed with sodium 
hydroxide solution, and with water, then with a little glacial acetic 
acid. It was recrystallised from fresh glacial acetic acid, and 
finally was sublimed, when golden-yellow needles, stable up t, 
and melting at, a little more than 400°, were obtained. Independent 
proof was thus afforded of the 2 : 3 positions of the carboxyl groups 
in this molecule, as dinaphthanthradiquinone has already been 
proved to have a linear constitution (Philippi, Joc. cit.; Mills and 
Mills, loc. cit.; Scholl and Seer, loc. cit.) (Found : C = 78-4; H=2*. 
Calc., C = 78-1; = 2-96 per cent.). 


1 : 2-Phthaloylanthraquinone (VII). 


This substance was prepared in an exactly similar manner t0 
that used in the case of its isomeride, the intermediate compound 
formed from the condensation of anthraquinone-1 : 2-dicarboxylie 
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acid with excess of benzene in the presence of aluminium chloride 
again not being isolated, owing to the difficulties experienced in 
its attempted purification. The crude product of the condensation 
was therefore partly purified as an ammonium salt and then im- 
mediately dehydrated by treatment with twenty parts by weight 
of concentrated sulphuric acid at a temperature of 110° during 
twenty minutes. The black liquid which resulted was filtered 
through glass wool, and poured into water, when a dark solid 
separated. This was washed with water and with dilute sodium 
hydroxide solution, and, after being dried, was crystallised from 
glacial acetic acid and boiling nitrobenzene. | : 2-Phthaloyl- 
anthraquinone was thus obtained as a greenish-yellow, acicular, 
aystalline product which decomposed before a definite melting 
point could be taken. Sublimation has not been successful, and 
combustion indicates that the material was not quite pure (Found : 
C=786; H = 2-8. Cale., C= 78-1; H = 2-96 per cent.). 


2 : 3-Dimethylanthracene. 


Pure 2: 3-dimethylanthraquinone was reduced by the method 
of Elbs and Eurich, and the product was found closely to resemble 
the dimethylanthracene they describe (Ber., 1887, 20, 1361; J. pr. 
Chem., 1890, [ii], 41, 6), although the melting point was slightly 
higher, presumably owing to the absence of reduction products of 
the 1:2 series. This preparation of the anthracene from the 
purified 2: 3-dimethylanthraquinone allows Elbs’ argument as to 
the structure of these materials again to be applied as a probability, 
although the attempted reduction of the other isomeride has not as 
yet confirmed the formation of an inner ring such as is required by 
these considerations (Found: C = 92-9; H=6-7. Cale., C = 93-2; 
H = 68 per cent.). 


Anthracene-2 : 3-dicarboxylic Acid. 


Pure anthraquinone-2 : 3-dicarboxylic acid was mixed with a large 
excess of zinc dust (six parts by weight) and dissolved in ammonia 
‘olution to which an equal volume of water had been added, 100 c.c. 
of this ammonia solution being used for every gram of the acid taken. 
The whole charge was then heated with constant shaking on the 
water-bath during two hours, when the pure anthracenedicarboxylic 
acid was precipitated from the hot filtered solution by the addition 
of hydrochloric acid, and was recrystallised from boiling alcohol. 
Small crystals were obtained which did not melt at 350°, but which 
were capable of sublimation to the anhydride as stated by Elbs 
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(Found: C=719; H=3-7. Cale, C=722; H=38 pe 
cent.). 


The o-Dimethylanthranols and Other Reduction Products. 


Limpricht (Annalen, 1900, 312, 99) reduced 3 : 4-dimethyl. 
benzoylbenzoic acid to the corresponding dimethylbenzylbenzoic 
acid, and he then dehydrated this, obtaining the dimethylanthranol, 
which he classified as the 2 : 3-isomeride, giving as evidence that 
oxidation produced an o-dimethylanthraquinone, m. p. 200’. 
From experiments so far carried out it would appear, however, 
that, just as in the case of the dehydration of the benzoylated acid, 
in which both isomerides result, so also in the dehydration of the 
benzylated acid ‘both possible isomerides again result, and thfat the 
compounds described by Limpricht, including the final quinone, 
were 1 :2- and 2: 3-dimethylated isomeric mixtures, particularly 
rich, however, in the 2:3-form. The attempted isolation of the 
substances belonging to the 1 : 2 series in these reactions, and also 
the reduction products of the members of this 1:2 series men- 
tioned previously, are at present under investigation by another 
member of this College. 


In conclusion, the author wishes to take this opportunity of 
expressing his appreciation of the interest taken by Professor 
Smiles in the arguments put forward in this paper. 


Kinq’s CoLtLeGe, UNIVERSITY OF LONDON, 
Stranp, W.C.2. (Received, July 22nd, 1921.] 


CLXXXIV.—Experiments on the Synthesis of _ the 
Polyacetic Acids of Methane. Part III. Con 
ditions Controlling Synthesis by the Cyanoacelit 
Ester Method—(continued). 


By CuristoPpHER Ketk INGoLD and Epwarp ARTHUR PERREY. 


Tue conditions which appear to govern the synthesis of the 
methanetriacetic acids by the interaction of ethyl sodiocyanoacetate 
either with halogen compounds or with the esters of unsaturated 
acids have been examined in some detail in a recent communication 
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(Part I, this vol., p. 341) and have been shown to be most intimately 
hound up with that peculiar molecular condition of which glutaconic 
acid affords the best known and most typical example. The present 
paper deals with another controlling factor of equal importance 
in the devising of such synthetical methods, and also of some 
general interest in so far as it is concerned with the reversibility, 
under certain conditions, of the Michael reaction. 

At an early stage of the investigation just referred to it had 
become apparent that the difficulty attending the formation, for 
example, of the ester I] (which on hydrolysis yields methanetri- 
acetic acid, IV) by the condensation of ethyl sodiocyanoacetate 
with ethyl glutaconate (1) was to be ascribed to the fact that under 
customary experimental conditions ethyl glutaconate consists 
almost entirely of its ‘‘ normal ”’ modification (III). Such “ normal” 
glutaconic acid derivatives do not behave as ordinary unsaturated 
compounds; they condense, for instance, with ethyl sodiocyano- 
acetate with great reluctance and in an abnormal manner, yielding 
products of 1 : 3-addition, as, indeed, the “‘ semi-aromatic ” mode 
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of the glutaconic acid derivative in the nascent condition (this 
vol., p. 492), no condensation product of the required type can 


be expected, except from glutaconic acid derivatives the unsaturated 
forms of which are considerably more stable than that of glutaconic 
ester itself. ‘ 
In the course of an extended series of researches Thorpe and 
his collaborators have shown that the presence of substituents in 
the «-position in derivatives of glutaconic acid increases the 
permanence of the unsaturated phase to a very notable degree; 
and it was for this reason that we decided to investigate certain 
esters of «-substituted glutaconic acids with respect to their capacity 
for entering into condensation with cyanoacetic ester. | 
The four substances which tp to the present time have been d 
‘xamined in this connexion are ethyl «-carboxyglutaconate (ethyl 
isoaconitate) (V), ethyl «y-dicarboxyglutaconate (V1), ethyl «-carb- 
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oxy-y-methylglutaconate (VII), and ethyl «y-dicarboxy-«-methyl. 


glutaconate (VIII) : 
(CO,Et),CH-CH:CH-CO,Et (CO,Et),CH-CH:C(CO,Et), 
(V.) (VI.) 


(CO,Et),CH-CH:CMe-CO,Et — (CO, Et),CMe-CH:C(CO, Et), 
(VIL.) (VIIL.) 


All these substances readily reacted with ethyl sodiocyanoacetate, 


and no evidence was obtained of their possessing any tendency 


to pass into their normal modifications (the ester VIII, clearly, 
has no normal form) under the experimental conditions employed. 
Nevertheless, the products of these condensations, excepting in 
one instance in special circumstances (p. 1586), contained no trace 
of the expected derivatives of methanetriacetic acid, but consisted 
almost wholly of fission products formed from these substances 
by a remarkable decomposition having the character of a retrograde 
Michael reaction. 

The ester V, for instance, gave initially a condensation product 
(IX), which then underwent complete fission into ethyl «-cyano- 
glutaconate (X) and ethyl malonate (XI) : 


JE ‘H(CN)-CO,Et 


CH,-CO,Et 
\CH{(CO,Et), 


(V.) (IX.) 
~CH(CN)-CO,Et m ‘ 
— CHS SCH- CO,Et + CH,(CO,Et), 
(X.) (XI.). 


CH-CO,Et NY 
CH< oH, CO. 5Et), + CH,(CN)-CO,Et —> CH< 


The products were purified and identified with some considerable 
care, the ethyl malonate, for instance, by its boiling point, by 
analysis, and by conversion into malonamide. Ethyl «-cyano- 
glutaconate has been prepared both by Guthzeit and L[yssen 
(J. pr. Chem., 1909, [ii], 80, 41) and by Verkade (K. Akad. Wetensch. 
Amsterdam, 1919, 27, 1132), whose descriptions closely agree with 
our own observations. The substance, however, was analysed and 
its identity fully confirmed by converting it into the crystalline 
ethyl derivative, CO,Et-CH°:CH-CEt(CN)-CO,Et (XII), obtained by 
Guthzeit and Eyssen (loc. cit., p. 44). 

That the equations given above correctly represent the course 
of the reaction is, we believe, congjusively proved by the expeti- 
ments described hereunder. In tl the second reaction, 
involving as it does the elimination of ethyl malonate from 4 
substance in which a number of substituted acetic acid residues 
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The 
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are attached to the same carbon atom, is typical of the decom- 
positions described in this paper; and it may be stated at once 
that the general character of the determining conditions, so far 
as we have been able to discover them, appears to be concerned 
with the accumulation at the same carbon atom of several branched- 
chain acetic acid residues, for, whenever this accumulation over- 
steps a certain limit, one of the groups, usually the largest, will 
be eliminated from the molecule. 

The ultimate cause of the reaction would therefore appear to 
be largely spatial in character and to be closely connected with 
the considerations recently put forward (this vol., p. 305, 951) 
relating to the distribution of groups of different volume around 
the methane carbon atom. 

In extending the study of this reaction it was necessary in the 
first place to prove that it had some generality of application, 
and dicarboxyglutaconic ester (VI) was therefore investigated. 
This ester has one branched acetic acid chain more than ethyl iso- 
aconitate, and there should be an opportunity for two separate 
ethyl malonate residues to become eliminated from the original 
condensation product with ethyl cyanoacetate. Moreover, from 
what has been said it will be anticipated that, in view of the presence 
of the additional branched chain, it might be possible to observe 
some tendency, at least, towards the elimination of both ethyl 
malonate residues from the molecule. 

The main products obtained by the action of ethyl sodiocyano- 
acetate on ethyl dicarboxyglutaconate, or rather on its very stable 
sodio-derivative (Conrad and Guthzeit, Ber., 1882, 15, 284), were 
ethyl malonate and a yellow oil, which, although it could not be 
purified by distillation, gave on analysis figures approximating 
to those required for the cyanocarboxyglutaconic ester (XIII). 
In reality its principal constituent was this ester, which was 
separated in the pure condition by regeneration from its mono- 
sodio-derivative, a yellow, sparingly soluble substance very similar 
in all essential respects to the sodio-compound of ethyl dicarboxy- 
glutaconate first prepared by Conrad and Guthzeit. 

As an additional control on its constitution, the cyano-ester 
was subjected to regulated hydrolysis by hydrochloric acid, with 
which it reacted with extraordinary ease to form an acid cyano- 
ester (XIV). This, however, in the presence of the reagent, rapidly 
passed, by an internal rearrangement of a very familiar type 
(compare the formation of phthalimide from o-cyanobenzoic acid), 
into the well-known ester-imide of dicarboxyglutaconic acid (ethyl 
6-hydroxy-2-keto-A***-dihydropyridine-3 : 5-dicarboxylate, a form 
of ethyl 2: 6-dihydroxynicotinate, XV) (Guthzeit, Ber., 1893, 
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26, 2796; Errera, Ber., 1898, 31, 1243; Guthzeit and Eyssen, 
loc. cit.) : 
ay CH(CN):CO,Et CH(CO,Et)-CN 
CHSC(C0,Et), © > ©ASCco,Kt)-CO,H 
(XII1.) (XIV.) 
(CO,Et):C(OH) 
CH<CicorEt) —-CO>NH 
(XV.) 


Besides ethyl «-cyano-y-carboxyglutaconate and ethyl malonate, 
a small quantity of a crystalline material was isolated from the 
condensation product, and was identified as ethyl «y-dicyano- 
glutaconate (Errera, Gazzetta, 1898, [ii], 27, 393; Ruhemann and 
Browning, T., 1898, 65, 280) (XVIII). The same substance was 
produced when ethyl cyanocarboxyglutaconate was treated with 
ethyl sodiocyanoacetate, and its formation in the original con- 
densation must therefore have involved the production and sub- 
sequent fission of two methanetriacetic acid derivatives (XVI and 
XVII) by a series of direct and retrograde Michael condensations : 

H(CO,E 
C(CO, Et), 

(VL) 


cH<© Ye _, 


H(CO,Et). . 
on catene C(CO,Et), ital 


CBN CHICN-CGEt 
(XVI) “ 
me: 
CH(CN)-CO,Et ine 
HCCH(CO,Et), —> CH <C(CN)-COR + CH,(CO,Et), 
9 EN CHIN CO,Et ( 
(XVIL.) (XVIII.) 


(XIIL) 


This therefore is a noteworthy extension of the reaction previously 
described. However, the yield of ethyl dicyanoglutaconate was 
never large * and it was not found possible to distinguish satis- 
factorily between the first and the second molecule of ethy! malonate 
eliminated during the successive fission reactions. Moreover, 
owing to the slight solubility in cold alcohol of the sodio-derivatives 
of ethyl cyanocarboxyglutaconate and ethyl dicarboxyglutaconate, 
it was impossible to conduct the series of changes at a low tem- 
perature (compare below); for this reason, and also because 


* Reference to two papers by Verkade (K. Akad. Wetensch. Amsterdam, 


1915, 24, 865; 1919, 27, 1130) on ethyl cy anoglutaconate will suggest possible 
reasons for this. 
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fractional distillation as a means of separating the products was 
impracticable, experiments on the isolation of the intermediate 
methanetriacetic acid derivatives met with no success. 

Therefore we turned to another example, namely, that afforded 
by the condensation of ethyl «-cyano-y-methylglutaconate (VII). 
Here the two substituted acetic acid residues, which, by analogy, 
me would expect to find as elimination products of the fission 
ractions, are not identical; one should be eliminated as ethyl 
malonate and the other as ethyl propionate, and by isolating 
and identifying these it should be possible to follow in detail the 
successive stages of the process. Actually, although the main 
products under the usual experimental conditions were ethyl 
wcyano-y-methylglutaconate (XX) and ethyl malonate, the 
quantity of ethyl dicyanoglutaconate (XVIII) produced was very 
onsiderable if the time allowed were prolonged; and, moreover, 
it was found possible in this case to separate and satisfactorily 
to identify ethyl propionate, the second of the eliminated residues. 
further, by conducting the condensation at a low temperature, 
the later stages of the process became arrested to such a degree 
as to render practicable the isolation of the w-methylmethane- 
tiacetic acid derivative (XIX) originally formed. The complete 
wties of changes is therefore as follows : 


CH(CO,Et) 
CH<ous. CO,Et 7 


(VIL) 


on/cHMet ate CMe’CO,Et 
HMe-G0, 15 " 

Kear t > CH<cucny-co,Et + CHa(COsBt), 
(XIX.) es (XX.) 


ee 


CH(CN)-CO,Et ’ 
<CHMe-CO,Et —> CH<CEQ oy + CHaMe-CO,Bt 
ON GHICN) CO,Et 2 


(XXI.) (XVIII.) (XXII) 


Perhaps it should be added here that the course pursued by the 
(ndensation was in reality rather more complicated than this, 
owing to the extraordinary tendency possessed by the cyano- 
uethylglutaconic ester to pass into a crystalline cyano-ester (m. p. 
ST), which may provisionally be represented by the formula XXIII; 
lor, on hydrolysis by means of acids, it yielded a tetrabasic acid 
(u. p. 242°), which, there is good reason to believe, is an acid (X XIV) 
belonging to the cyclobutane series : 

VOL, CXIX, 
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CO, Et-CH(CN)-CH—CMe-CO,Et 
CO,Et-CMe-CH-CH(CN)-CO,Et _ 


(XXITI.) Fr 
CO,H-CH,: H--CMe-CO,H able 
CO,H-CMe-CH-CH,°CO,H they 
(X.XIV.) solut 
The formation of these substances is, of course, part of the wider the 1 
question, discussed in a recent paper by one of us (this vol., p. 951), J XVI. 
relating to the ease of formation and the stability of cyclobutane latter 
derivatives. Further papers on this and allied subjects will shortly BF oul 
be presented to the Society; in the meantime, with regard to the J °ndi 
example under consideration, it may merely be stated that the ff etic 
reaction leading to the ester, m. p. 87°, appears to be favoured by bear : 
the use of a slight deficit of sodium ethoxide, and that in thes The 
circumstances its formation often occurs to such an extent as tof SPatia 
suppress almost completely all products formed (compare the be ful 
scheme outlined above) subsequently to the cyano-ester (XX). certain 
All products of the condensation were carefully identified, the be tra 
liquids, after analysis, being converted into crystalline derivatives, § “ thi 
which were then directly compared with authentic specimens.§ % 4 | 
Ethyl propionate and ethyl malonate were converted into pro- By th 
pionamide and malonamide respectively. The cyanomethylglut-§ Some 
aconic ester (XX) was hydrolysed to «-methylglutaconic acid, has se 
which proved to be identical with a specimen of this acid kindly charact 
lent by Prof. J. F. Thorpe. The methanetriacetic acid derivative “7 Co 
(XIX), on hydrolysis, gave w-methylmethanetriacetic acid (X XVII) triaceti 
which, as a degradation product of quinine (Skraup, Monaish, be intr 
1900, 21, 879) and on account of its close relationship with w- With 
camphoronic acid (XXVIII), is an acid of considerable interes.§ “meth, 
We have synthesised it for comparison with the acid obtained investig 
from the condensation product by a method which should leave stances 
no doubt as to its constitution: ethyl w-cyanomethanetriacetat yielding 
(XXV) (Ingold, loc. cit.) was converted into its sodio-derivativey f ethy: 
and then methylated; the methylated ester (X XVI), malonat 
con! caleate /CH ‘CO, Et 
CH CH(CN)CO,Et oe CHE CMe(CN): ‘CO,Et 
CH,°CO,Et CH,°CO,Et 
"  (XXV.) u (XXVL) 
/CH -CO,H on/cal -CO,H 
CHC CMe, -CO.H CHC CHMe-CO,H 
CH,°CO, i CH,°CO,H The f 
(XXVIII) (XXVIL.) © torn 


on hydrolysis by sulphuric acid, yielded w-methylmethanetriact! 
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acid identical in all respects with the substance obtained from the 
products of the condensation described above. 

From what has been said it might at first sight appear remark- 
able that the esters XXV and XXVI should be, as apparently 
they are, quite stable towards boiling alcoholic sodium ethoxide 
solution. If, however, their formule be compared with those of 
the methanetriacetic acid derivatives previously mentioned (IX, 
XVI, XVII, XIX, and XX1I), it will be observed that each of the 
latter contains at least iwo branched acetic acid chains, and it 
would certainly seem, from the present investigation, to be a 
condition necessary for instability that at least two of the three 
acetic acid chains attached to the methane carbon atom should 
bear substituent groups. 

That some such limit should exist is in full harmony with the 
spatial view of the matter, which, for reasons that cannot here 
be fully entered into, we have been led to adopt. There must be 
certain definite, necessary, and sufficient conditions, which cannot 
be traced or even adumbrated in a restricted investigation such 
as this. The question of definition requires experiments based 
on a wider plan, and some of these have now been commenced. 
By this means, it is hoped, the problem may be explored along 
some at least of its principal directions, but in the meantime it 
has seemed desirable to obtain some confirmation of a general 
character, at least so far as methanepolyacetic acid derivatives 
are concerned, by examining the ease of fission of a methane- 
triacetic ester containing as many substituents as could conveniently 
be introduced. 

With this object in view the condensation of ethyl «y-dicarboxy- 
wmethylglutaconate (VIII) with ethyl sodiocyanoacetate was 
investigated, and it was found, as anticipated, that the two sub- 
stances reacted at the ordinary temperature with remarkable ease, 
yielding in the course of a few hours almost theoretical amounts 
of ethyl «-cyano-y-carboxyglutaconate (XIII) and ethyl methyl- 
malonate (X XX) : 

‘ CMe(CO,Et 
CH<C COLES Ccneny vo. — 
~~ CH(CO,Et), 

(VIIL.) (XXIX.) 


CH(CN)-CO,Et 
CH<G(CO,Et), 2 + CHMe(CO,Et), 


(XIII) (XXX.) 


2—> CH 


The former was identified by analysis and by conversion into the 

pter-imide (XV), and the latter by analysis and conversion into 

the amide. The intermediate methanetriacetic acid derivative 
312 
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(X XIX) must have been very short-lived, for, in spite of the low 
temperature at which the condensation was carried out, no trace 
of it could be isolated. 

When the nature of these condensations had been elucidated, 
the literature was searched for accounts of reactions having a 
similar character. The only example, however, which could be 


found of a reaction apparently involving a retrograde Michael § /4: 
condensation is the observation by Kétz and Zérnig (J. pr. Chem, § ™ P 
1906, [ii], 74, 427, Anmerkung) that ethyl benzylmalonate can be J 4: 
isolated from the product formed when ethyl sodiomalonate is Re 
allowed to react with ethyl «y-dicarboxy-«-methylglutaconate. § YT 
The mechanism of this reaction is doubtless analogous to that of J foun 
the condensations described above, although Kétz and Zérnig 
do not appear to have examined their product as closely as is 
desirable for the purpose of establishing the matter definitely. 
There are, however, on record a very large number of reactions 
in which the operation of the factors governing the phenomena 
discussed in the present paper is to be traced. Thus Kétz and ie 
Zoérnig carried out many condensations between chloroform and onl 
the sodium compounds of various ketones, esters, and nitriles § 
(for example, deoxybenzoin, ethyl methylmalonate, malononitrile) pt 
with the object of preparing compounds in which three organic }: e 
residues had become attached to the methane carbon atom supplied b w . 
by the chloroform. In no case, however, was a product of this § °Y the 
constitution obtained, the sodium compound employed invariably ~ 
reacting after the manner of ethyl sodiomalonate, if that wer _ 
possible, or, in the case of compounds lacking the hydrogen atom . 
necessary for this type of condensation, in such a way as to leave ners mt 
one of the halogen atoms of the chloroform molecule undisturbed. > 3a 
The reason for this is not difficult to discover; for in all the cases ; a 
investigated the desired condensation products, had they beet ‘nm _ 
obtained, would have contained three branched acetic acid chains, me 
a condition of the molecule incompatible with stability. ao 
An illuminating instance of the elimination of a substituted aes 
acetic acid residue in a totally different type of reaction is that vy . " 
furnished by the conversion of ethyl ««’-dibromocyclohexane-l : |: ay 
diacetate to cyclohexylideneacetic acid by hydrolysis (Beesley, a ef 
Ingold, and Thorpe, T., 1915, 107, 1080) : 4 Hie 
CH,°CH. CHBr-CO,Et CH,‘CH,~ peppy. prepara 
CHS<6y?.cH?>C<CHBrCorEs > CHa<cy2-cH?> CCH Cut itor 
: d-dics 


No reaction of a similar character has been observed with the 
corresponding derivative of $§-dimethylglutaric acid, namely, 
the bromo-ester, CMe,(CHBr-CO,Et),, a fact which has bee 
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attributed (loc. cit.) to the gem-methyl groups together occupying 
less of the space surrounding the quaternary carbon atom than 
the C;H,9: residue in the corresponding cyclic compound. The 
consideration of this and many similar instances, some of which 
occur in the literature of triphenylmethyl] and its analogues, many 
in that which relates to the Michael and Knoevenagel condensations, 
leads, we consider inevitably, to the conclusion that, as suggested 
on p. 1585, spatial causes are at the root of all these phenomena, 
and amongst them the reactions described in this paper. 

Reference to certain new derivatives of 6-ethoxy-2-pyrone, which 
were obtained incidentally in the course of the research, will be 
found at the end of the experimental portion. 


EXPERIMENTAL. 


(A) Preparation of «-Substituted Glutaconic Esters. 


Ethyl «y-Dicarboxyglutaconate (VI).—The sodium compound of 
this ester was prepared by Conrad and Guthzeit’s method (Ber., 
1882, 15, 281), certain modifications, however, being introduced 
with the object of improving the yield. Coutelle, who made a 
detailed study of the reaction, states (J. pr. Chem., 1906, [ii], 73, 49) 
that the maximal yield is 41—42 per cent. of the theoretical, but 
by the following method it is possible to obtain 60 per cent. with 
certainty. 

Ethyl malonate (160 grams) was added to a solution of sodium 
ethoxide prepared by dissolving 46 grams of sodium in 1 litre of 
absolute ethyl alcohol. When the temperature was between 30° 
and 35°, chloroform (60 grams) was poured in and the mixture 
allowed to remain until the violent ebullition caused by the heat 
developed in the reaction had subsided. The mixture was then 
heated for half an hour on a water-bath with a further quantity 
20 grams) of chloroform and filtered while still hot. The yellow 
sodium compound (80 grams) separated from the filtrate on cooling 
and a further 25 grams were obtained by concentrating the mother- 
liquors to about one-sixth of their bulk. 

The free ester was prepared from the sodium compound in the 
way recommended ‘by Conrad and Guthzeit (Joc. cit.). 

Ethyl «-Carboxyglutaconate (Ethyl isoAconitate, V).-—For the 


“0, H.§ Peparation of ethyl isoaconitate ethyl dicarboxyglutaconate was 


first converted by heating at 200° into ethyl 6-ethoxy-2-pyrone- 
3: 5-dicarboxylate, 


C(CO,Et):C(OEt) 
CH< CORR) ——CO>> 
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which was then hydrolysed to the isoaconitate by means of cold 
2-5 per cent. aqueous sodium hydroxide, as recommended by 
Guthzeit and Dessel (Ber., 1889, 22, 1413). 

In working up large quantities it was found desirable to purify 
the pyrone carefully by crystallisation from ether, since when this 
was done it was unnecessary to distil the ethyl isoaconitate, an 
operation which was often troublesome unless carried out with 
small amounts of material. 

Ethyl «y-Dicarboxy-«-methylglutaconate (VIII).—This substance 
was prepared by methylating the yellow sodium compound of 
ethyl dicarboxyglutaconate in the manner described by Thole and 
Thorpe (T., 1911, 99, 2197). 

Ethyl «-carboxy-y-methylglutaconate (VIL) was obtained from 
ethyl dicarboxymethylglutaconate by the action of sodium ethoxide 
(Thole and Thorpe, loc. cit.). 


(B) Condensation of Ethyl «-Carboxyglutaconate (Ethyl isoAconitate) 
with Ethyl Cyanoacetate. Isolation of Ethyl «-Cyanoglutaconate 
and Ethyl Malonate. 


Ethyl isoaconitate (26 grams; 1 mol.) was mixed with a sus- 
pension in absolute ethyl alcohol of ethyl sodiocyanoacetate pre- 
pared from 4-8 grams (slightly more than two atoms) of sodium, 
75 c.c. of ethy! alcohol, and 22-6 grams (2 mols.) of ethyl cyano- 
acetate. The mixture, which at once became yellow owing to the 
formation of the sodium compound of ethyl isoaconitate, was 
allowed to remain for a short time at room temperature, and was 
then heated on the steam-bath for fifteen hours, at the end of 
which time most of the alcohol was distilled off and the residue mixed 
with water. The precipitated oil was extracted with ether, the 
acid substances remaining in the aqueous solution being recovered 
by acidifying and again extracting. 


Ethyl Malonate (X1). 


On distillation under diminished pressure, the neutral ester 
was found to consist chiefly of ethyl malonate, six grams of which 
were obtained in a pure condition, b. p. 104°/30 mm., by a second 
distillation. Its identity was proved by analysis (Found : C = 52:3; 
H = 7-3. Cale., C = 52-5; H = 7-5 per cent.), and by converting 
it into malonamide, which was compared with a known specimel 
and further identified by a mixed melting point determination. — 

The alcoholic distillate (above) was saturated with ammonia, 
and, two days later, mixed with concentrated aqueous ammonia. 
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The mixture was kept at room temperature for a further period of 
two days and then evaporated in a vacuum. The small residue 
proved to be almost pure malonamide, and, in spite of a careful 
search, no trace of acetamide could be detected (contrast section D). 

The less volatile portion of the neutral fraction was very small 
in amount, but it yielded two crystalline substances, m. p. 116° 
and 179° respectively, which, however, were not obtained in 
quantities sufficient for further investigation. 


Ethyl «-Cyanoglutaconate (X). 


The acid extract, on evaporation, left a pale yellow, viscous 
oil, which could not be distilled; but which was found to consist 
esentially of ethyl cyanoglutaconate. The method of purification 
finally adopted was as follows. The oil was mixed with ether 
and shaken, first with water, and then for several hours with an 
aqueous suspension of precipitated calcium carbonate. The ester 
recovered by drying and evaporating the ethereal solution was 
converted, by mixing with an approximately equivalent quantity i 
of ethyl-alcoholic sodium ethoxide, into its sodio-derivative, which 
was precipitated by adding ether, collected, and decomposed by 
means of cold dilute hydrochloric acid. The liberated ester, which 
consisted of pure ethyl cyanoglutaconate, was extracted by means 
of pure ether, the last traces of which were expelled in an evacuated 


nitate) 
ronate 


yano- 
othe @ desiccator (Found: C= 56-5; H=62; N=70. Cale, C= 
was @ 568; H = 6-2; N = 6-7 per cent.). 


The ester corresponded closely in its properties with the substance 
described by Guthzeit and Eyssen (loc. cit.). However, in order 
to identify it with certainty, it was converted by ethylation, by 
means of alcoholic sodium ethoxide and ethyl iodide, into ethyl 
a-cyano-a-ethylgiutaconate (XII) (Found: C= 60-4; H = 7-4. 
Cale., C = 60-2; H = 7-1 per cent.), which had the melting point i 
(79°) and ‘‘ glass-wool-like’’ appearance mentioned by those ; 
authors. 


(C) Condensation of Ethyl «y-Dicarboxyglutaconate with Ethyl 
Cyanoacetate : Isolation of Ethyl «-Cyano-y-carboxyglutaconate, 


= Ethyl «y-Dicyanoglutaconate, and Ethyl Malonate. 
ting Ethyl cyanoacetate (22-6 grams; 2 mols.) was mixed with a 


solution of sodium ethoxide prepared by dissolving 4-6 grams of 
sodium (one atom) in 60 grams of absolute ethyl alcohol. When 
the precipitation of ethyl sodiocyanoacetate appeared to be com- 
plete, 36 grams (1 mol.) of the recrystallised and finely ground 
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sodium compound of ethyl dicarboxyglutaconate (section A) wer 
added and the mixture was heated with frequent shaking on a steam. 
bath for a period of eighteen hours, during which the sodium 
compound gradually dissolved and another much less strongly 
coloured substance separated from the brown solution. The 
product was poured into dilute hydrochloric acid and extracted 
with ether, the acidic substances being removed from the extract 
by washing with dilute aqueous sodium carbonate solution and 
recovered from the washings by acidifying and again extracting. 


Ethyl Malonate (X1). 


Most of the neutral ester boiled at 90-105°/10 mm., and this 
fraction on redistillation yielded pure ethyl malonate (Found: 
C = 52-4; H=7-5. Cale., C = 52-5; H = 7-4 per cent.), which 
was satisfactorily identified by converting it into malonamide aad 
comparing this with a genuine specimen. 

A very small quantity of material boiling in the neighbourhood 
of 200°/10 mm. was also collected, and this, on keeping for a few 
days, partly solidified. The crystals were drained on porous 
porcelain, washed with ether, and recrystallised twice from this 
solvent. They separated in long needles, m. p. 93-94°, and must 
have consisted of ethyl 6-ethoxy-2-pyrone-3 : 5-dicarboxylate 
(Found: C= 54:7; H=5-6. Cale, C= 549; H=5-6 per 
cent.), although at the time none of this material was at hand 
for comparison. On keeping, the crystals partly liquefied, a 
property which the pyrone also possesses. 


Ethyl «-Cyano-y-carboxyglutaconate (XIII). 


The acid extract (above), after being dried with sodium sulphate 
(calcium chloride caused the precipitation of a yellow calcium salt) 
and evaporated, left a yellow, viscous oil, which could not be 
distilled, but consisted chiefly of ethyl «-cyano-y-carboxyglutaconate 
and a small quantity of ethyl «y-dicyanoglutaconate, crystals of 
which could sometimes be obtained from it by keeping. The 
crude oil was triturated with cold dilute aqueous sodium hydroxide, 
which converted it into a biscuit-coloured mixture of sparingly 
soluble sodium compounds. These were collected, washed with 
hot water, and decomposed by cold dilute hydrochloric acid, the 
ester liberated being at once extracted with benzene, and the 
extract dried by shaking with sodium sulphate and evaporated 
at room temperature in a vacuum. The ethyl «-cyano-y-carboxy- 
glutaconate thus obtained was a pale yellow oil, giving with aqueous 
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alcoholic ferric chloride a deep crimson colour (Found: C = 55-4; 
H=62; N=5-4. C,,H,,O,N requires C= 55:1; H= 60; 
N = 5-0 per cent.). 

The ester appears to have been obtained previously by Errera 
(Ber., 1898, 31, 1243) by the action of ethyl cyanoacetate on ethyl 
ethoxymethylenemalonate, but no steps were taken to purify the 
product and no analysis is quoted. 

In order to obtain a further check on the constitution of the 
substance, it was subjected to regulated hydrolysis by hydrochloric 
acid. It dissolved completely in the cold concentrated acid, but 
on warming an oil separated. This oil was, apparently, the acid 
ester (XIV), for on shaking for a few minutes with the hot con- 
centrated acid it was quickly converted into a sparingly soluble, 
crystalline substance, which melted at 199° and had all the char- 
acteristics. of ethyl 6-hydroxy-2-keto-A***-dihydropyridine (XV) 
(a modification of ethyl 2: 6-dihydroxynicotinate, and of the 
imide-ester of dicarboxyglutaconic acid. Compare Guthzeit, Ber., 
1893, 26, 2796; Errera, loc. cit., and Guthzeit and Eyssen, loc. cit.). 

The sodio-compound, obtained in the course of the above separa- 
tion, and prepared from the pure cyano-ester by treatment with 
sodium hydroxide, was a pale yellow, crystalline substance spar- 
ingly soluble in water and alcohol (Found: Na= 7-2. C,3H,g0,NNa 
requires Na = 7-5 per cent.). 

The calcio-derivative, a yellow, crystalline powder, was prepared 
from the cyano-ester, aqueous calcium chloride, and ammonium 
hydroxide (Found: Ca = 6-3. C,.gH3.0,,N,Ca requires Ca = 6-6 
per cent.). 


Ethyl «y-Dicyanoglutaconate (XVIII). 


The washings from the foregoing sodium compounds, on keeping, 
deposited an almost colourless sodium compound, which, on tritura- 
tion with dilute hydrochloric acid, yielded a bright yellow, crystalline 
substance. This was identified as ethyl dicyanoglutaconate (Errera, 
Gazzetta, 1898, [ii], 27, 393; Ruhemann and Browning, loc. cit.) 
by its melting point, 184—186°, nitrogen content (Found : N = 11-6. 
Cale., N = 11:8 per cent.), and by direct comparison with an 
authentic specimen. 


Formation of Ethyl «y-Dicyanoglutaconate from Ethyl «-Cyano-y- 
carboxyglutaconate and Ethyl Cyanoacetate. 


Ethyl cyanoacetate (2:3 grams) and ethyl sodio-«-cyano-y- 
carboxyglutaconate (3 grams) were successively added to a solution 
31* 
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of sodium ethoxide prepared from 0-23 gram of sodium and 6 grams 
of absolute ethyl alcohol. The mixture was heated on a water-bath 
for twenty-four hours and then evaporated, the residue being 
treated with dilute hydrochloric acid and the precipitated oil 
divided into neutral and acid fractions by ether and sodium carbonate 
in the usual way. The neutral fraction appeared to consist of 
ethyl malonate, but the quantity was very small, and it was there- 
fore not identified with certainty. The acid fraction was separated 
into its constituents by converting it into sodium compounds and 
extracting these with hot water as described on p. 1594, and in this 
way a small amount of ethyl «y-dicyanoglutaconate, as well as 
a considerable quantity of unchanged ethyl «-cyano-y-carboxy- 
glutaconate, were isolated in the pure condition. 


(D) Condensation of Ethyl «-Carboxry-y-methylglutaconate with Ethyl 
Cyanoacetate: Isolation of w-Methylmethanetriacetic Acid, 
Ethyl «-Cyano-y-methylglutaconate, Ethyl «y-Dicyanoglutaconate, 
Ethyl Malonate, and Ethyl Propionate. 


In carrying out this condensation it was found necessary to use 
a slight excess of sodium ethoxide in order to avoid the formation 
of the cyclobutane derivative (XXIII). 

Ethyl cyanoacetate (22-6 grams; 2 mols.) and ethyl «-carboxy- 
y-methylglutaconate (27-2 grams; 1 mol.) (section A) were added 
in succession to a solution of sodium ethoxide prepared by dis- 
solving sodium (5 grams; 2-1 atoms) in absolute ethyl alcohol 
(70 c.c.). The mixture was heated for thirty hours and then 
distilled until the temperature reached 100°. 


Ethyl Propionate (XXII). 


The distillate contained a quantity of ethyl propionate, which, 
however, could not be separated from the large excess of ethyl 
alcohol accompanying it. It was therefore converted into the 
amide by saturating the alcoholic solution with ammonia and, 
after some hours, adding concentrated aqueous ammonia. The 
amide thus obtained was recrystallised from a small amount of 
water and identified as propionamide by analysis (Found : C = 493; 
H=9-7; N=19-4. Cale. C= 49:3; H=9-6; N = 19-2 per 
cent.), by its m. p. (79°) and characteristic appearance, and by 
direct comparison with a specimen prepared from an authentic 
sample of ethyl propionate. 
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Ethyl Malonate (X1). 


The pasty residue from the distillation (p. 1596) was mixed with 
water and extracted with ether. The oil thus obtained boiled 
almost entirely between 90° and 100°/15 mm., and on redistillation 
at atmospheric pressure yielded 10 grams of pure ethyl malonate 
(Found: C= 524; H=7-5. Cale, C= 5255; H=7-5 per 
cent.), which was identified, as before, by conversion into malon- 
amide. 

A further quantity was obtained by esterifying, by means of 
ethyl alcohol and sulphuric acid, the acid substances recovered 
from the alkaline solution from which the sodio-derivative of ethyl 
dicyanoglutaconate had crystallised (below), the neutral esterifica- 
tion product consisting of about equal parts of ethyl malonate 
and ethyl «-carboxy-y-methylglutaconate, which were easily 
separated by distillation. 


Ethyl «-Cyano-y-methylglutaconate (XX). 


The alkaline solution from which the ethyl] malonate was extracted 
was acidified and again extracted with ether, the products being 
eparated into acid and quasi-acid fractions by washing with 
\) per cent. aqueous sodium carbonate solution. The quasi-acid 
fraction boiled at 160—170°/15 mm., and consisted almost entirely 
of ethyl «-cyano-y-methylglutaconate, 14 grams of which were obtained 
m redistillation as a colourless oil, b. p. 160°/15 mm. (Found: 
(=583; H=69; N=6-5. C,,H,,0,N requires C = 58-6; 
H=6-7; N=6-2 per cent.). It gave a deep reddish-brown 
colour with aqueous-alcoholic ferric chloride. 

As mentioned above, a further quantity of the substance was 
obtained by esterifying the acid products. 

In order to confirm its constitution, the ester was hydrolysed by 
boiling with 50 per cent. sulphuric acid. The product, extracted 
by ether and crystallised from water, was identified as «-methy]- 
glutaconic acid by analysis (Found: C = 50-1; H= 5-7. Calc., 
C= 500; H = 5-5 per cent.), by direct comparison with a genuine 
‘pecimen, and by a mixed melting-point determination. 


Ethyl «y-Dicyanoglutaconate (XVIII). 


The sodium carbonate washings (above) quickly deposited a 
very pale brown, crystalline sodium compound, which, after puri- 
feation by recrystallisation from water or alcohol, melted at 263— 
265° and evidently consisted of ethyl sodiodicyanoglutaconate 
Found: Na = 8-9. Calc., Na = 8-9 per cent.). 
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The free dicyano-ester, prepared from the sodium compound, 
was identified by comparison with a known specimen and by 
analysis (Found : C = 54:5; H = 5-4; N= 11-7. Calce.,C = 554; 
H = 5-1; N =11-9 per cent.), the results of which, although not 
agreeing very closely with the theoretical values, are similar to the 
figures obtained by Errera (loc. cit.) and by Ruhemann and Browning 
(loc. cit.), and are to be attributed to the well-known tendency of 
the substance to retain small amounts of water with great per. 
sistency. 


Formation of Ethyl «y-Dicyanoglutaconate from Ethyl «-Cyano-y. 
methylglutaconate and Ethyl Cyanoacetate. 


Ethyl «-cyano-y-methylglutaconate was heated with an alcoholic 
solution containing two molecular proportions of ethyl sodio. 
cyanoacetate. Although an excess of sodium ethoxide was present, 
a considerable amount of conversion into the cyclobutane derivative 
(XXIII) occurred. However, on dividing the product into neutral, 
quasi-acid, and acid portions in the manner previously described, 
this became separated from the dicyano-ester, which was isolated 
and identified as in the preceding instance, 


Formation of Derivatives of w-Methylmethanetriacetic Acid. 


In order to isolate derivatives of w-methylmethanetriacetic acid 
from the product of condensation of «-cyano-y-methylglutaconit 
acid with ethyl sodiocyanoacetate, it was necessary to carry oll 
the condensation entirely at room temperature. The reactio 
mixture, prepared as described on p. 1596, was therefore allowed to 
remain with occasional shaking for twenty-four hours at the 
ordinary temperature, and was then mixed with water and separated 
by means of ether and aqueous sodium carbonate into neutrdl 
quasi-acid, and acid portions. 

The neutral fraction on distillation yielded ethyl malonate ant 
a small amount of a viscous liquid boiling in the neighbourhood 
of 200°/10 mm. 

The quasi-acid fraction consisted almost entirely of ethyl «-cyan0 
y-methylglutaconate, although a small amount of a similar fraction 
of high b. p. was separated from it. 

The acid fraction contained no trace of ethyl ay-dicyanoglut 
aconate (compare section E), but when esterified and distilled 
gave the substance of high b. p. along with ethyl malonate and # 
intermediate fraction of indefinite boiling point. 

The less volatile substance obtained in all these ways consisted 
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apparently of ethyl w-cyano-w’-carbory-w’’-methylmethanetriacetate 
(XIX), for on hydrolysis by 50 per cent. sulphuric acid (compare 
p. 1600) it yielded w-methylmethanetriacetic acid (Found : C = 46-6; 
H=6-0. C,H,,0, requires C = 47-0; H = 5-9 per cent.), which, 
after crystallisation from ethyl acetate, melted at 136—137° and 
was identical in all respects with the acid synthesised (section F) 
for comparison. 


(E) Condensation of Ethyl «y-Dicarboxy-«-methylglutaconate with 
Ethyl Cyanoacetate: Isolation of Ethyl Methylmalonate and 
Ethyl «-Cyano-y-carboxyglutaconate. 


Ethyl «y-dicyano-«-methylglutaconate (1 mol.) (section A) was 
condensed with ethyl sodiocyanoacetate (2 mols.) as in the pre- 
ceding instances, excepting that, as in this case the reaction pro- 
ceeded with extraordinary ease, the mixture was kept at room 
temperature for two hours only, and was then worked up for the 
products, which were separated into neutral and acid portions by 
means of ether and sodium carbonate. 


Ethyl Methylmalonate (XXX). 


Almost the whole of the neutral product distilled in the neigh- 
bourhood of 100°/10 mm., and on redistillation at atmospheric 
pressure boiled constantly at 195°. That this consisted of pure 
ethyl methylmalonate was proved by analysis (Found: C = 55-2; 
H=8-0. Calc., C = 55-2; H = 8-0 per cent.), and by conversion 
into methylmalonamide, which was obtained in good yield and 
identified with an authentic specimen. 

The amide contained no admixed malonamide, and, therefore, 
the reaction product could have contained no ethyl malonate 
(see below). 


Ethyl «-Cyano-y-carboxyglutaconate (XIII). 


This substance (Found: C = 55-6; H=6-3. Calc., C = 55-1; 
H = 6-0 per cent.) was isolated from the acid product of the con- 
densation in the manner described in connexion with the previous 
reaction (section C) in which it was obtained, and was identified 
by means of its characteristic sodium derivative (Found : Na = 7:3. 
Cale., Na = 7-5 per cent.) and by conversion into the imide (XV) 
by boiling with hydrochloric acid. 

No ethyl «y-dicyanoglutaconate was isolated from this con- 
densation (compare that described on p. 1596), and it would appear 
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that the formation of this substance by the action of ethyl sodio. 
cyanoacetate on compounds such as ethyl «-cyano-y-methyl.- 
glutaconate and ethyl «-cyano-y-carboxyglutaconate requires a 
higher temperature than that of the room. 


(F) Preparation of w-Methylmethanetriacetic Acid from Ethyl 
w-Cyanomethanetriacetate. 


These experiments were carried out in order to obtain a specimen 
of w-methylmethanetriacetic acid for comparison with the acid 
obtained in the condensation described in section D. The starting 
material, ethyl w-cyanomethanetriacetate, was prepared by the 
method described in a recent communication (Ingold, this vol., 
p. 352). 


Ethyl w-Cyano-w-methylmethanetriacelate (X XVI). 


Ethyl w-cyanomethanetriacetate was mixed with an alcoholic 
solution containing one equivalent of sodium ethoxide, and then 
with a slight excess of methyl iodide. The solution was boiled 
until neutral to moistened litmus, and the esters were isolated by 
adding water and extracting with ether. Zthyl w-cyano-w-methy/- 
methanetriacetate was obtained, by distillation under diminished 
pressure, as a colourless, viscous oil, b. p. 206—208°/12 mm. (Found: 
C = 576; H=7-5. C,;H.,0,N requires C = 57-5; H = 7:3 per 
cent.). 


w-Methylmethanetriacetic Acid (X XVII). 


A mixture of the pure methylated cyano-ester and an equal 
volume. of cold concentrated sulphuric acid was diluted, after 
twelve hours’ keeping, with sufficient water to cause a slight pre- 
cipitation of oil, and then heated for seven hours on a sand-bath, 
a further quantity of water being added and the reflux condenser 
removed towards the end of this period after the evolution of 
carbon dioxide had ceased. The solution was cooled, saturated 
with ammonium sulphate, and extracted repeatedly with ether. 
The colourless syrup which remained on drying and evaporating 
the ether immediately solidified with evolution of heat on touching 
with a glass rod. The acid was crystallised from ethyl acetate 
for analysis; it separated in small, dense prisms, m. p. 137—138 
[Found: C = 46-9; H=6-0. M (by titration) = 203-1. Cale., 
C = 47:0; H = 5-9 per cent.; M = 204}. 
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(G) Note on some Derivatives of 6-Ethoxy-2-pyrone. 


The following compounds were obtained incidentally during the 
preparation of some of the materials required for this research. 
They have not been investigated in detail, but their constitutions 
appear to follow from their modes of formation, and it has been 
thought desirable to append a brief description. 


CH:CH-C-CO,Et 
CO-O-C-OEt * 


Ethyl isoaconitate is apt to decompose on distillation and on 
one occasion the pyrone was isolated from the dark residue obtained 
in this manner. It was purified by rubbing with ether and crystal- 
lisation from ethyl acetate, from which it separated in needles, 
m. p. 132° (Found: C = 56-7; H= 5-3. CyjH,.0; requires 
C= 56-6; H= 5-6 per cent.). With aqueous alcoholic ferric 
chloride it formed a deep crimson coloration. 


Ethyl 6-Ethoxy-2-pyrone-5-carborylate, 


: cai ro x ? CMe:CH-C-CO,Et. 
Ethyl 6-Ethoxy-3-methyl-2-pyrone-5-carboxylate, é o— o—t OFt 
This compound was invariably formed te some extent when 
large quantities of ethyl «-carboxy-y-methylglutaconate were dis- 
tilled at a time, and occasionally it crystallised from the distillate. 
The material obtained in this way was purified for analysis by 
crystallisation from ethyl acetate. It separated in colourless, 
transparent strips or blades, usually long and very thin, a typical 
size being 20 mm. x 1 mm. x 0-05 mm. (Found: C = 58-1; 
H=6-1. C,,H,,0; requires C = 58-3; H = 6-4 per cent. M, by 
the eryoscopic method in benzene, = 224. Cale., M = 226). It 
melted at 94° and gave no distinct coloration with ferric chloride. 


We desire to express our gratitude to Professor J. F. Thorpe for 
his interest in these experiments and for much very valuable advice ; 
also to the Chemical Society for a grant from their Research Fund 
which has greatly facilitated the work. 
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CLXXXV.—Harmine and Harmaline. Part V. The 
Synthesis of Norharman. 


By Witu1am Ootivy Kermack, WittiAM HENRY PERKIN, jun., 
and Rospert Rosrnson. 


In Parts III and IV of this research (T., 1919, 115, 933 et seq.) 
evidence was brought forward and discussed which seemed to 
leave little doubt that harmine has the constitution I, whilst two 
possibilities remain for harmaline (dihydroharmine), the decision 
between which can only be made after the accumulation of further 


data. Nn y 
wwe OO 


(I.) (II.) 


It appeared desirable, however, to support the strong analytical 
arguments by synthesis, and especially so in view of the fact that 
the fused pyridine—pyrrole nucleus type represents a domain of 
organic chemistry which has hitherto remained almost unexplored. 
In planning the synthetic investigation we have had always in view 
the systematic study of the methods available for the preparation 
of the more characteristic members of this group of bases, and 
accordingly in the first instance chose to attack the problem of the 
synthesis of 4-carboline (II), which can be regarded as the true 
parent substance of harmine and harmaline. 

Harmine is methylmethoxy-4-carboline, and since the com- 
pounds obtained by elimination of the methyl and methoxy-groups 
from harmine are respectively termed norharmine and harman, 
it is clear that 4-carboline may also be called norharman in order 
to emphasise its relation with the harmala group of alkaloids. 

Two methods have now been devised for the degradation of har- 
mine to norharman, and the first of these arose from the investigation 
of harmolic acid, which O. Fischer (Ber., 1889, 22, 642) produced by 
the alkali fusion of harmol, the phenol obtained by the demethyl- 
ation of harmine. An erroneous composition was assigned by Fischer 
to this substance, which appears to be a molecular compound of 
norharmolcarboxylic acid (III) with its normal sulphate, and from 
which the sulphuric acid is readily removed by solution in dilute 
ammonia and precipitatfon with acetic acid. The fusion of harmol 
with potassium hydroxide, therefore, merely oxidises the methyl 
group to carboxyl. On heating norharmolcarboxylic acid with 


idene! 
and { 
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glycerol, the carboxyl group is eliminated and norharmol (IV) is 


obtained. 
P P 
“s Or 


(IV.) 


(V.) 


This phenolic base is certainly identical with that which was obtained 
by O. Fischer (loc. cit.) by heating harmolic acid, although the 
specimen was apparently not analytically pure. The nature of 
norharmol is clearly proved by the fact that on methylation it 
yields norharmine (V). On distillation with zinc dust in a stream 
of hydrogen, norharmol is converted into norharman (II). 

The second process consists in applying to harman the method 
whereby harmine was degraded to norharmine (Perkin and Robinson, 
T., 1912, 101, 1778). 

Unfortunately, the paucity of material at our disposal did not 
permit of an examination of the intermediate stages in the degrada- 
tion of harman to norharman, but at all stages the substances closely 
resembled the analogous compounds derived from harmine. Har- 
man (VI) was converted by boiling with benzaldehyde into benzyl- 
ideneharman (VII), isolated as a sparingly soluble hydrochloride, 
and this was oxidised by potassium permanganate in pyridine 
solution with formation of norharmancarboxylic acid (VIII), which 
yielded norharman (II) on heating with glycerol. Norharman is a 
beautifully crystalline compound melting at 198° and very similar 
to harman in its —— 


(‘ / r% i 
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(VI.) 

The interest attaching to harman, which was first obtained by 
0. Fischer (Chem. Zentr., 1901, i, 958) from harmine by the stages 
harmol and amincharman, is much increased by the observation of 
Spith (Monatsh., 1919, 40, 351) that it is identical with the alkaloid 
aribine from Avaribra rubra Mart. and also with loturine from 
Symplocosa racemosa (Monatsh., 1920, 41, 297), whilst colloturine 
is possibly a crystalline modification. It should also be noted that 
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Spith confirms the fact, stated in Part IV of this research, that the 
true melting point of harman is 238°, although it is very easy to 
obtain a lower value. 

The relation between harman and tryptophan was discussed in 
Parts III and IV of this inquiry, and becomes much more signilicant 
in view of the fact mentioned above that harman occurs in nature. 
Our further observations in this connexion will be found in the 
experimental portion on p. 1616, and it will suffice to point out 
that harman may be obtained by condensing tryptophan with 
acetaldehyde in dilute sulphuric acid solution and subsequently 
oxidising the product with chromic acid. Obviously the replace. 
ment of acetaldehyde by formaldehyde in this process should lead 
to the formation of norharman, and this proved to be the case, 
and the product was identical with that which had been obtained 
by the degradation of harmine. The mechanism of these reactions 
we conceive to be the following, illustrated in the case of the forma- 


tion of norharman. 


CH,CH(NH,)-CO,H_ (/-)—— (CH OH-COLH 9 
2 


i oe CH,O Cy NH’ Nie NH 
ff 
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—_—- > 


(\—(“"\cH-0n 


| | | 
\/ NH’ “CH, sie 


A very similar reaction, in which an oxidation is accompanied by 
the elimination of a carboxyl group, is to be found in the conversion 
of dihydroflavindine (IX) into quindoline (X), a change which can 
be effected with extraordinary facility, and even by shaking a 
alkaline solution with air at the room temperature (Fichter and 
Rohner, Ber., 1910, 43, 3489). 


O,H 
/ Y H. NH. / ‘ 
i _ ~~ 
(IX.) 
The production of norharman from tryptophan depends on 4 


reaction of a somewhat special type, and as we desired to elaborate 
more generally applicable methods, attempts were made to build up 
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the ring system from simple indole derivatives. Our first idea was 
to attempt the synthesis of norharman by the following stages, 
/\____ CH 
(\—cHooH + (yj fo + 
\/ nH’ ©O2H \/~NH’ “CO” 
9-Carboxyindole-3-acetic acid. I mide. 
vcoatianall 
L 65 
/ ~NH’ \/Z 
Norharman. 


and we accordingly prepared considerable quantities of the 
2-carboxyindole-3-acetic acid from a-ketoglutaric acid and phenyl- 
hydrazine by the process of Wislicenus and Waldmiiller (Ber., 
1911, 44, 1572) : 


() oH, -CH,CO,H \——10H ‘CO,H 
NH-N:0-CO,H ~ © 
) / NW \00,H 


Several well-characterised derivatives of the acid were prepared, 
such as the dimethyl] ester (m. p. 127°), the anhydride (m. p. 250°), 
and the acid amide (m. p. 244°), but all attempts to obtain the imide 
either (i) by the action of heat on the amide, (ii) by passing ammonia 
over the heated anhydride, or (iii) by the action of alcoholic ammonia 
on the dimethyl ester at elevated temperatures and pressures were 
unsuccessful. This is remarkable when it is remembered how 


radily homophthalic acid, C,H <6! 02 0 a is converted into 
CH,CO 


homophthalimide, C Hoy NE 


by the action of heat on its 


ammonium salt. 

It is true that the amide of 2-carboxyindole-3-acetic acid on 
tratment with a mixture of acetic anhydride and acetyl chloride 
yields a substance, C,,H,,O,N3, which appears to be the acetyl 
derivative of the enimic modification of the imide (XI), but we 
have not been successful up to the present in attempts to remove 
the acetyl group and obtain the imide itself. On the other hand, 
the anilide of 2-carboxyindole-3-acetic acid yields a mixed anhydride 
with acetic acid (XII) when treated in a similar way. 


—- /CH,'CO-O-COMe 


‘0-0-COMe (\— 


BX ‘NH’ = NH \ 7 NH’ ‘CO-NHPh 
(XI.) (XII) 


The next series of experiments was based on the hypothesis that 
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indole-2-carboxyacetalylamide (XIII) might be induced to undergo 
internal condensation with the formation of the isocarbostyril of 
the norharman series (XIV), from which norharman could probably 
be obtained by some process of vigorous reduction. 


Cd ‘6 xx & 

| . 

MA gy CORE CH CHOBE, OO) Gg NH 
(XIII) (XIV.) 


In connexion with this series of experiments, we first worked out a 
generally applicable method for the preparation of the chlorides of 
indole-2-carboxylic acid and allied acids, which consists in allowing 
the acid to react with phosphorus pentachloride in the presence of 
acetyl chloride and at the end of the reaction removing the excess 
of acetyl chloride and phosphoryl chloride by distillation in a high 
vacuum. The residual chloride is usually sufficiently pure to be 
directly employed in the preparation of derivatives and the process 
is convenient. 

The chloride of indole-3-carboxylic acid reacts readily with 
aminoacetal (acetalylamine), and indole-2-carboxyacetalylamide 
(XIII) is a crystalline substance, melting at 133°, which may be 
converted by the action of a saturated solution of hydrogen chloride 
in alcohol at 40—45° into a sparingly soluble, pale yellow, crystalline 
substance melting at 247°. This compound has the composition 
C,,H,ON,, and is thus derived from the acetalylamide by loss of 
two molecules of alcohol. It was natural therefore to assume that 
it was the expected ketodihydronorharman (XIV), but this view 
was soon found to be untenable, since all attempts to convert the 
substance into norharman were unsuccessful and a careful study of 
the reactions of the compound, described in detail on p. 1627, 
indicated the. existence of a free position in the pyrrole nucleus. 
There appear to be only two other directions in which indole-2- 
carboxyacetalylamide may lose two molecules of alcohol, and these 
lead to the expressions XV and XVI for the substance melting at 


247°. 


| /™ 

MA ¢0 Kn OS 
éH NH / NH 
SCH’ 
(XV.) (XVL.) 


However, the compound appears to possess a —CO—NH— group 
capable of enimisation, and its phenolic properties are not in harmony 
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with the oxazole possibility (XVI), against which may also be urged 
the melting point and crystalline character of the substance and, 
much more conclusive, the fact (vid. infra) that 1 : 3-dimethylindole- 
2-carboxyacetalylamide does not undergo an internal condensation 
analogous to those described in this communication, although the 
oxazole possibility remains open. It is clear, therefore, that the 
formation of the ring during the action of alcoholic hydrogen 
chloride on indole-2-carboxyacetalylamide has taken place with the 
help of the hydrogen atom of the —NH— group in the indole 
nucleus piven to the scheme 


‘f ‘ Peds ies 
\ A yp 00 NE-CHy COED), 
( - ae — 
\\xe7’\co “Nyc. 
HO-CH NH CH) [NE ' 
\cH”% SCH’ 


and the substance thus produced has been called 5-keto-4 : 5- 
dihydroindolediazine (1 : 4) in accordance with a system of nomen- 
clature detailed on p. 1642. Substances of this type do not appear 
to have been previously prepared, but it is evident that they are 
readily formed and are very stable. Up to the present oxygenated 
carbostyril-like derivatives only have been obtained, but there is 
no reason why the indolediazines themselves should be incapable 
of existence and these bases would probably be found to be of com- 
pletely aromatic type. That this is possible is seen by a comparison 
of the cyclic conjugated formulz which can be assigned to 4-carboline 
(XVII) and indolediazine (1:4) (XVIII) (compare Perkin and 
Robinson, T., 1919, 145, 943). 


. —- Cr 
Vx = Vay 
, Fl 
(XVIL) (XVIIL.) 


It is proposed to make attempts to produce substances of this type, 
which clearly have an interest in connexion with the theory of 
polynuclear aromatic compounds. Quite analogous substances of 
4 similar nature, but containing the pyrrole nitrogen atom only, 
have already been obtained. Angeli (Ber., 1890, 23, 1793) found 
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that ethyl pyrroylpyruvate (XIX) underwent ring-closure on treat 
ment with alkaline carbonates with formation of the imine-anhydride 
of pyrroylpyruvic acid (XX). 


= 
# JCO-CH, COCO, Ny “\¢0 ¢ ‘ ). 
NH a bi WNY4 
CO 
(XIX.) (XX.) (XXL) 

The parent substance, an isomeride of indole, was designated 
pyrindole by Angeli, and this extremely interesting compound has 
actually been obtained by Scholtz (Ber., 1912, 45, 734). «-Picoline 
is converted by acetic anhydride at 200—220° into a compound, 
C,.H,,0,N, called picolide and the reaction occurs according to the 
equation : 

C,H,N + 2(CH,°CO),0 = C,,H,,0O,N + CH,°CO,H + 2H,0. 
Picolide yields a feeble base, C,H,N, when it is boiled with hydro- 
chloric acid, and this substance was the subject of further investi- 
gations (Scholtz, Ber., 1912, 45, 1718; Scholtz and Fraude, Ber, 
1913, 46, 1069), which resulted in the demonstration that it has the 
constitution XXI. The feeble basicity of this compound and its 
resemblance in chemical character to pyrrole and indole are well 
represented in the cyclic conjugated formule XXII and XXIII 
for pyrrocoline (pyrindole) * and indole respectively. 


ee * 
\ aNxy - Sr \Nu? 
Cy t2 


(XXII) (XXIII) 


The elucidation of the nature of the substance of melting point 247° 
renders it very probable that Ciamician and Zatti’s anhydride of 
indole-2-carboxylic acid, obtained by the action of acetic anhydride 
on the acid (Ber., 1888, 21, 1932), has the constitution XXIV. 
This yellow, crystalline substance melts at 312—315°, and whilst 


* The substance C,H-;N was at first called “‘ pyrrocoline ” and later “ pytiv- 
dole,” in accordance with Angeli’s suggestion. The name pyrindole should, 
however, be reserved for substances containing fused pyridine and pyrrole 
nuclei (T., 1912, 101, 1787), and it would avoid the possibility of confusion 
if Scholtz’s compound could retain its original name. The alternative device 
of renaming the fused pyridine—pyrrole nucleus ‘“ pyrindoline ” would, un- 
fortunately, lead to the expression “‘ quinindoline ” for a fused quinoline 
pyrrole nucleus, and this name has already been employed to denote a tetra- 
nuclear base obtained by Gabriel and Eschenbach (Ber., 1897, 30, 3020). 
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waffected by aqueous alkalis is hydrolysed by alcoholic potassium 
hydroxide with formation of potassium indole-2-carboxylate. 


(XXIV.) 
The further study of the internal condensations of acetalylamides 
derived from substituted indole-2-carboxylic acids has given results 
which afford important support to our views on the constitution 
of the substance melting at 247°, and in the first place the behaviour 
of the acetalylamide of 3-methylindole-2-carboxylic acid (scatole- 
carboxylic acid) (X XV) was investigated. 

This acid, which was at one time confused with indoleacetic acid, 
obtained by H. and E. Salkowski (Ber., 1880, 13, 191, 2217) from 
the products of the putrefaction of the proteins in animal matter, 
was synthesised by Arnold (Annalen, 1888, 246, 334) from the 
phenylhydrazone of a-ketobutyric acid, CH,-CH,°C(N,H-C,H;)-CO,H, 
by the action of alcoholic sulphuric acid and by Ciamician and 
Magnanini (Ber., 1888, 21, 1927) from scatole, sodium, and carbon 
dioxide. We have found a new method for synthesising the acid 
which gives good results, and is as follows : 

o-Nitrotoluene and ethyl oxalate are condensed by means of 
alcoholic sodium ethoxide in the manner described by Reissert 
(Ber., 1897, 30, 1030) to the sodium derivative of ethyl o-nitro- 
phenylpyruvate (XXVI), which is then directly treated with 
methyl iodide, and the product on reduction with zinc dust and 
acetic acid yields ethyl 3-methylindole-2-carboxylate (X XVID), 
from which the acid is readily obtained by hydrolysis. The process 
is illustrated in the scheme given below : 


/ ge ((ONa)-CO,Et O yea CO-CO,Et ( = CO-CO,Et 
— 


\/N Zn AcOH Ns 
(XXVL.) 


(XXVII.) 
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In the course of the series of reactions just described there is 
also formed in relatively small amount a substance, C,,H,,0,N 
(m. p. 217°), which is not an ester and therefore probably owe 
its existence to the introduction of two methyl groups during the 
treatment of the sodium derivative of ethyl o-nitrophenylpyruvate 
with methyl iodide. There are two possibilities leading to the 
formule XXVIII and X XIX for this by-product. 


( )CMe,-CO-CO, Et / “\CMe,*CO-CO,Et ‘ \7 Mea 
NH, 


(XXVIIL.) 


O J ‘COCOLEt | on aOEt -+ 2Mel 


rm. :C(OMe)-CO,Et _. Osi C(OMe)-CO,Et _, 
NOs 


A Zeisel determination proved that the substance, C,,H,,0,\, 
contains a methoxyl group, and it is therefore clear that the second 
alternative must be accepted and that the substance is 3-methoxy- 
4-methyl-«-quinolone. 

When the chloride of 3-methylindole-2-carboxylic acid is treated 
with aminoacetal, combination occurs with facility and 3-methyl. 
indole-2-carboxyacetalylamide (m. p. 115°) (XXX) is produced. 
This substance, on treatment with alcoholic hydrogen chloride, 
yields a compound, C,,H,,ON,, which melts at 242° and closely §F 
resembles the substance of melting point 247° obtained in a similar 
manner from indole-2-carboxyacetalylamide. In this example it 
will be noted that ring formation can only occur in the direction 
already postulated in the case of the substance melting at 247°, 
and the new compound (m. p. 242°) must be 5-keto-7- methyl. 
4 : 5-dihydroindolediazine (1:4) (XX XI). 


—M 
Qe Pus 4 CONE: CH,-CH(OEt), VV Ng yo 
CH NH 
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(XXX.) (XXXI.) 
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In order to examine the behaviour of a 1 : 3-disubstituted indole- 
2-carboxyacetalylamide, we instituted a series of experiments in 
which the starting point was 1 : 3-dimethylindole-2-carboxylic 
acid (XX XII), readily prepared in the following interesting manner. 
a-Ketobutyric acid, CH,*CH,*CO-CO,H (Wislicenus and Arnold, 
Annalen, 1888, 246, 333), reacts very readily with phenylmethyl- 
hydrazine, C,H;*NMe-NH,g, and it is remarkable that the hydrazone 
is converted, merely by heating on the steam-bath with dilute 
hydrochloric acid, almost quantitatively into 1 : 3-dimethylindole- 
2-carboxylic acid (m. p. 213°) : 


Me 


i, 
/ CH,Me {| loo, H 


Ly} NMeN:O-COH > \ SNM’ 
(XXXIL) 


The chloride of this acid also combines with aminoacetal, yielding 
a crystalline substance, C,)H,)N-CO-NH-CH,°CH(OEt),, which 
melts at 111° and resembles in many ways the other similarly 
constituted acetalylamides described in this communication. It 
does not undergo ring formation when treated with alcoholic 
hydrogen chloride, a behaviour which was to be expected because 
the two positions essential to ring formation are occupied by methyl 
groups. The observation is, however, of much interest, as it dis- 
poses of the possibility that the substances which we have regarded 
as indolediazine derivatives are indyloxazoles (vid. supra). From 
theforegoing it became obvious that the particular synthetic method 
which depends on ring-closure of an indole-2-carboxyacetalylamide 
could lead to a derivative of norharman only if the 1-position in 
the indole nucleus is occupied by a substituent, and we accordingly 
applied the process to 1-methylindole-2-carboxylic acid, which was 
prepared by the method of E. Fischer and Hess (Ber., 1884, 17, 
i61). The chloride of this acid was converted into 1-methylindole- 
2carboxyacetalylamide (m. p. 107°) (XXXIII) in the usual 
manner, and this substance was fortunately readily converted 
by alcoholic hydrochloric acid into 2-keto-1-methyl-2 : 3-dihydro- 
‘carboline (m. p. 242°) (XXXIV). This is a colourless substance, 
ery different in its properties from the indolediazine derivatives, 
and resembling norharman more especially in the blue fluorescence 
vhich it exhibits in acid solution. 
CAN OH 

we 
/ ‘NMe’ “CO” 
(XX XIIL.) (XXXIV.) 


lCO-NH-CH,-CH(OEt), 
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On distillation with zinc dust in a stream of hydrogen, norharman, 
possibly mixed with its methyl derivative (XX XV), was obtained. 
The purification of the crude product is described on p. 1638 and 
was tedious and difficult, but ultimately a pure specimen was 
obtained and proved to be identical in all respects with norharman 
obtained as detailed above from harmine and tryptophan. 


PS, mw 2," 


some 
\/SNMe’ \Z 


(XXXV.) 


The removal or partial removal of the methyl group at the high 
temperature of a zinc-dust distillation is not without precedent, 
and it may be recalled that N-methyldiphenylamine, Ph-NMe:Ph, 
yields carbazole and not methylearbazole by pyrogenic decomposi- 
tion (Griibe, Annalen, 1874, 174, 181). The other products of the 
reaction were hydrogen, nitrogen, methane, benzene, aniline, 
benzonitrile, and diphenylamine. 

This synthesis of norharman affords direct and independent 
confirmation of the correctness of the constitution assigned to 
harmine so far as the nuclear ring system is concerned. Further, 
the position of the methyl group is placed beyond doubt by 4 
comparison of the reactions whereby norharman and harman ar 
obtained from tryptophan. Synthetical evidence in regard to the 
position of the methoxyl group is alone lacking, and we are continu- 
ing our experiments in this direction, some progress having already 
been made. In the first place, 6-methoxyindole-2-carboxylic acid 
(XXXVI) has been synthesised in some quantity by the following 
series of reactions. o-Nitro-p-tolyl methyl ether (XX XVII), obtained 
by the methylation of o-nitro-p-cresol with methyl sulphate, 0 
treatment with ethyl oxalate in the presence of alcoholic sodium 
ethoxide, yields 0-nitro-p-methoxyphenylpyruvic acid (XX XVIII). 

This interesting new acid is oxidised by hydrogen peroxide with 
formation of o-nitro-p-methoxyphenylacetic acid (m. p. 158°), and 
this is reduced by zinc dust and acetic acid with formation o 
o-azoxy-p-methoxyphenylacetic acid, 

CO,H-CH,°C,H,(OMe)*-NO:N-C,H,(OMe)-CH,°CO,H, 

(m. p. 174°). On reduction with ferrous hydroxide, 0-nitro-)- 
methoxyphenylpyruvic acid is converted in good yield into 6 
methoxyindole-2-carboxylic acid (m. p. 197°), and this acid loses 
carbon dioxide on heating with production of 6-methoayinddl 
(m. p. 92°) (XXXIX), a new member of the little investigated 
series of the alkyloxyindoles and one of the parent substances df 
harmine and harmaline. 
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( \CH,*CO-CO,H 
MeO. /NO2 


(XX XVII.) (XX XVIII) 


Or ; 
MeO / N 


i: Meol | 
HW? ~\/ NH 


(XX XVI.) (XX XIX.) 


The chloride of 6-methoxyindole-2-carboxylic acid reacts normally 
with aminoacetal, yielding 6-methoxyindole-2-carboxyacetalyl- 
amide (m. p. 123°) (XL), and this on treatment with alcoholic 
hydrochloric acid is readily converted into 11-methoxy-5-keto- 
4; 5-dihydroindolediazine (1 : 4) (XLI). 


fF igisiticiuney 


ee MeO! | 
weol | Ico-NH-CH,-CH(OEt n% \co. 
» \/ NH sia. CH NH 
SCH’ 


(XL.) (XLI.) 


This substance melts at 253° and closely resembles in appearance 
and properties 5-keto-4 : 5-dihydroindolediazine (1 : 4) (XV). 

Experiments are in progress which have for their object the 
preparation of the following series of substances : 


> — ; — 
lCO,H Meo ? as |co-NMe-CH,-CH(OEt), 
e 


e 


CH, CH , 

CO: -NMe 

the latter of which is particularly interesting on account of its 
lose relation to harmine and it is hoped that it may be converted 
into dimethylharmine chloride (XLII) by the action of magnesium 
methyl iodide followed by treatment with hydrochloric acid. 


(XLIL.) 


The starting point in this series of reactions will no doubt be 
host readily obtained from m-methoxyphenylmethylhydrazine, 
Me0-C,H,-NMe-NH,, by an application of E. Fischer’s synthesis 
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of indole derivatives, and it is therefore of considerable interest that 
the results incidentally obtained in the course of our experiments 
go to show that such a synthesis is likely to be successful and that 
the groups in the benzene nucleus will have the desired orientation, 
This follows from the identity of the methoxyscatole, which is 
obtained by the two methods described below. The product of 
the condensation of o-nitro-p-tolyl methyl ether and ethyl oxalate 
in alcoholic sodium ethoxide (vid. supra) was directly methylated 
by means of methyl iodide and subsequently reduced by means 
of zinc and acetic acid. In this way a good yield of ethyl 6-methoxy. 
3-methylindole-2-carboxylate (m. p. 128°) is obtained, and from 
this the 6-methoxy-3-methylindole-2-carboxylic acid (XLIII) is 
produced by hydrolysis. This methoxyscatolecarboxylic acid 
melts at 202° with evolution of carbon dioxide and formation of 
6-methoxy-3-methylindole (XLIV) or 6-methoxyscatole (m. p. 
125°). 

Me i 


Meo | loo, Meol | | 
O\/ SNH’? O'\ / NH 


(XLIIZ.) (XLIV.) 


In order to enlarge the basis of synthetical operations in the 
methoxyindole group, it was considered highly desirable to in- 
vestigate the behaviour of a suitable m-methoxyphenylhydrazone, 
and it became necessary to devise a method for the preparation 
of m-methoxyphenylhydrazine, MeO-C,H,-NH-NHg, an interesting 
substance which does not appear to have been described. The 
base was made in considerable amount from m-anisidine by the 
usual process of diazotisation in hydrochloric acid and reduction 
with stannous chloride. It distils at 168°/15 mm., solidifying in 
freezing mixture, and its stability is remarkable when compared 
with that of the corresponding o- and p-derivatives. The methoxy! 
group in the ortho- or para-position enormously increases the ease 
with which the hydrazine is reduced to the related aniline derivative 
and ammonia, but this effect is evidently unimportant when the 
methoxy] is in the meta-position. 

m-Methoxyphenylhydrazine condenses readily with  «-keto- 
glutaric acid, and if the product (XLV) is dissolved in alcohol and 
the solution saturated with hydrogen chloride, 6-methoxy-? 
carboxyindole-3-acetic acid (XLVI) is directly produced. 


a 'H,-CH,°CO,H | firy “CH CO4H 
MeO\_ JNH-N:C-CO,H MeO) py OOH 


(XLV.) i ) 
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This acid will serve as the basis for a number of experiments which 
we hope to carry out. It melts at 225° and decomposes smoothly 
with formation of 6-methoxyscatole identical with the substance 
obtained as described above from o-nitro-p-tolyl methyl ether by a 
series of reactions. The important point is thus established that 
indole-ring formation in the case of a m-methoxyphenylhydrazone 
takes place in the para-position with respect to the methoxyl 
group. 

In view of the fact that tryptophan, aribine (loturine), harmine, 
and harmaline undoubtedly contain a —C—-C—N— chain attached 
to the 3-position in indole, it would be highly remarkable and sur- 
prising if there should exist a series of naturally occurring substances 
in which a similar chain is attached to the 2-position, although it 
would, of course, be most unwisely dogmatic to deny the possi- 
bility of this. In the case of the alkaloids of Hvodia rutecarpa, 
the brilliant work of Asahina and Mayeda (J. Pharm. Soc. Japan, 
1916, No. 416; consulted only in an abstract, A., 1921, 120, i, 48) 
has led to the adoption by these authors of the formule XLVIL 
and XLVIIT for evodiamine and rutecarpine respectively, and it 
will not be out of place to examine the validity of the evidence 
which rules out the constitutions which would bring these bases 
into line with the tryptophan group, for example, the expression 
XLIX for evodiamine. 


(XLVIL.) (XLVIIL.) 


Evodiamine is hydrolysed, first by alcoholic hydrochloric acid and 
then by alcoholic potassium hydroxide, with the formation of a 
base, C,)H,.N., to which the constitution L is assigned, 


\ xy He CHa NH 


(L.) 


and this is the crux of the whole matter. A portion of the evidence, 
at any rate, is likely to prove fallible, since one of the arguments 
adduced is to the effect that this base yields indole-2-carboxylic 
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acid on fusion with potassium hydroxide. Now whilst 2-methylg 
indole yields indole-2-carboxylic acid on fusion with potassiunjiitty 
hydroxide, it is also true that even such a simple 3-substituted 
indole as scatole yields some indole-2-carboxylic acid mixed with 
indole-3-carboxylic acid when submitted to similar treatmen 
(Ciamician and Zatti, Ber., 1888, 21, 1933). The sole product from 
the alkali fusion of tetrahydrocarbazole was indole-2-carboxylie 
acid (Zanetti, Ber., 1893, 26, 2007). The longer the sidechain of 
a 3-substituted indole the more numerous will be the opportunities 
for side-reactions and formation of cyclic structures, and con- 
sequently the greater the probability that indole-2-carboxyli 
acid would result from the vigorous process of fusion with potassium 
hydroxide. We are inclined to discount the value of this evidence, 
since the production of indole-2-carboxylic acid would be in harmony 
with either of the possible views of the nature of the aminoethyl. 
indole from evodiamine. A much more serious difficulty is found 
in the fact that the base melts at 120° (N-benzoyl derivative, 
m. p. 173—174°), whereas 3-8-aminoethylindole, synthesised by 
Ewins (T., 1911, 99, 270), melts at 145—146° (N-benzoyl derivative, 
m. p. 137—138°). This is apparently conclusive, but there is just 
the possibility of a loop-hole, such as the existence of the base in 
polymorphic forms, and the matter is of such interest that it is 


proposed to attempt an independent synthesis of 3-8-aminoethyl- 
indole, not only with the object indicated above, but also because 
this base is a very suitable starting point for syntheses in the harmine 


group. 


EXPERIMENTAL. 


Harman from Tryptophan. 


In Part IV (T., 1919, 115, 968) of this investigation it was proved 
that the base, C,,H,)N,, obtained by Hopkins and Cole (J. Physial., 
1903, 29, 451) by the oxidation of tryptophan with ferric chloride 
is identical with harman, and the mechanism of the reaction has 
engaged our attention. A small yield of harman was obtained by 
following out precisely the directions given by Hopkins, but the 
result was negative when precautions were taken to exclude alcohol 
and ether. Professor Hopkins has kindly informed us that in his 
own experience the results of the oxidation have been variable 
and yields varying from nothing to more than 30 per cent. of the 
theory have been obtained, and suggests that the C,-group may 
possibly arise from the ether used to extract the indolealdehyde, 
which is the second product obtained in the reaction, especially 
since the oxidation mixture was allowed to remain over-night 
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ontact with the solvent. Harman may also be obtained from 
ryptophan by the following processes. 

(A) Tryptophan (1 gram) was dissolved in water (250 c.c.) to 
shich sulphuric acid (1 c.c.) and then acetaldehyde (10 c.c. of 20 
yr cent. aqueous solution) was added. The liquid was boiled 
during ten minutes, the source of heat removed, and a 10 per cent. 
aqueous solution of potassium dichromate (50 c.c.) slowly added 
M™ybile the mixture was still hot. After allowing to remain for five 


itieg™ ninutes, the solution was heated to boiling and then allowed to cool. 


the excess of oxidising agent was reduced by sulphurous acid and 
the chromium precipitated by means of sodium carbonate in boiling 
wlution, the faintly alkaline liquid was then filtered and the pre- 
tpitate washed with boiling water. The combined filtrate and 
washings were acidified by addition of hydrochloric acid, boiled 
.Mrith animal charcoal, again filtered, and evaporated to a small 
lk on the steam-bath. The base was precipitated by the 
dition of concentrated aqueous sodium hydroxide, collected, 
wshed with water, and dried in a vacuum. The yield was 
(2 gram. After two crystallisations from benzene, the substance 
vas obtained in nearly colourless prisms melting at 237—238°, 
and at the same temperature when mixed with a specimen of pure 
harman. 

(B) Tryptophan (3 grams) was heated with acetic anhydride 
0c.c.) until dissolved, zinc chloride (2 grams) was then added and 
the mixture boiled during one minute. Decomposition of the 
excess of acetic anhydride by the addition of hot water (150 c.c.) led 
to the separation of a brown oil, which was converted into a yellow, 
garingly soluble chromate by aqueous potassium dichromate 
(0 c.c. of 10 per cent. solution) to which concentrated sulphuric 
aid (3 c.c.) had been added. The solid was well broken up and the 
mixture boiled until nearly the whole of the chromate had passed 
into solution, a stage reached after about twenty minutes. Excess 
of sodium hydroxide was added and the base extracted by means 
of ethyl acetate. The ethyl acetate solution was washed with a 
little water and then with dilute hydrochloric acid. The acid 
washings were concentrated and on treatment with alkali yielded 
5 gram of harman, which was crystallised and identified as in the 
previous example. 

(() Harman was obtained from tryptophan in small yield in 
various ways, of which the most interesting is the simultaneous 
txidation of alanine and tryptophan by means of chromic acid in 
dilute solution. Tryptophan (1 gram) and alanine (2 grams) 
tisolved in boiling dilute sulphuric acid (250 c.c.; 0°5 per cent.) 
Were oxidised by the slow addition of potassium dichromate (5 
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grams) dissolved in water (100 c.c.). The product was worked up 
as in (A) above and a small yield of harman obtained. 

Attempts were made to produce harman by applying to 
tryptophan a process similar to that which is used for the conversion 
of diacetonamine oxalate into vinyldiacetonamine oxalate. When 
tryptophan was boiled with butyl alcohol, oxalic acid, and acetal 
a brownish-yellow solution exhibiting green fluorescence was 
obtained. On extraction with dilute sulphuric acid, a solution 
exhibiting bluish-violet fluorescence was produced, and the reactions 
of the base which could be obtained from this by treatment of the 
concentrated liquid with alkali were not those of harman but more 
nearly resembled those of an alkylated harman. A small amount 
of harman butyl iodide was prepared, and the colour and fluorescence 
changes in acid, neutral, and alkaline solution were identical with 
those of the product in the above experiment. A complete ex- 
amination of the reaction would be of interest, but the amount of 
tryptophan at our disposal did not permit of this. 


Harmolic Acid. 


Norharmolcarboxylic Acid (Formula III). 


The fusion of harmol with potassium hydroxide was carried out 
exactly as described by O. Fischer (Ber., 1889, 22, 642) and the 
isolation of the acid by fractional acidification of the dissolved 
melt with sulphuric acid was also effected. The crystallised 
product gave on analysis numbers agreeing closely with those 
determined by Fischer, namely C = 55°55; H=3:7; N = 10%; 
as against C = 55°6, 55:2; H = 3°8, 3°7; N = II1'1, 11°4 per cent, 
as given by Fischer. Cn the basis of these results, Fischer (loc. cit, 
suggested the formula C,,H,,0;N,, which is extremely difficult to 
explain if the constitution of harmine now adopted by the present 
authors is correct. 

In view of the relatively sharp melting point of the product (247), 
the problem appeared rather puzzling until the presence of sulphur 
was established (Found : S = 4°0 per cent.). 

The harmolic acid of O. Fischer therefore appears to be a sulphate 
of norharmolcarboxylic acid of the composition (C,,H,O,N2)3,H,S0% 
requiring C = 55:2; H = 3:3; N = 10°7; S = 4:1 per cent. 

The acid itself is readily obtained by dissolving this curious 
sulphate in dilute ammonia and precipitating from the filtered hot 
solution by addition of acetic acid. The very pale yellow powder 
was well washed with hot water and dried at 140°. It could not 
crystallised on account of its extremely sparing solubility in orga!” 
solvents, but prepared from pure “ harmolic acid ”’ it is practically 
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homogeneous and melts with much frothing and decomposition at 
272° after darkening at 267° (Found : C = 63°3; H = 3°6; N = 12°6. 
(,,H,O,;N, requires C= 63:1; H=35; N= 124 per cent.). 
The substance is readily soluble in alkalis, and the solutions couple 
with diazo-salts, forming orange-red azo-derivatives. The com- 
pound is also feebly basic, forming yellow salts with mineral acids. 


Norharmol (Formula IV). 


This substance is the phenolic base which O. Fischer obtained by 
heating harmolic acid (loc. cit.), and to which he ascribed the com- 
position C,,H,,ON,. We have obtained the compound by heating 
pure norharmolcarboxylic acid with glycerol until carbon dioxide 
was no longer evolved and a clear solution was obtained. On 
cooling, norharmol separated in nearly colourless needles and was 
washed with aqueous alcohol and then with alcohol and dried at 
140° (Found: C=715; H=46; N=152. C,,H,ON, re- 
quires C = 71°7; H = 4:3; N = 15:2 per cent.). 

On heating, the substance sublimes in small needles. 

It is soluble in caustic alkalis, but not in sodium carbonate or 
ammonia, and in alkaline solution it exhibits blue fluorescence and 
couples with diazo-salts. It is a base dissolving in dilute acids to 
yellow solutions. The platinichloride was analysed by O. Fischer 
(loc. cit.) and with results agreeing with the composition now 
suggested. 

Conversion to Norharmine.—Norharmol (0°5 gram) was heated in 
a sealed tube at 150° with water (25 c.c.), methyl alcohol (10 c.c.), 
sodium hydroxide (1 gram), and potassium methyl sulphate (3 
grams) for three hours. After adding excess of sodium hydroxide, 
the contents of the tube were extracted with much ether and the 
ethereal solution was washed with water and dried by potassium 
hydroxide. After removal of the solvent, a residue was obtained 
which could be crystallised from benzene in colourless needles 
melting at 218°, alone or mixed with a specimen of pure norharmine 
(Perkin and Robinson, T., 1912, 104, 1775). 


Norharman (4-Carboline) (Formula II). 


(A) Norharmol (5 grams) was mixed with zine dust (100 grams) 
ind carefully distilled in accordance with the usual technique of 
the operation in a stream of hydrogen, the vapours being passed 
‘ver a further large amount of zinc dust. The product was con- 
verted into the nitrate and this salt crystallised from hot dilute 

VOL. CXIX. 3K 


1620 KERMACK, PERKIN, AND ROBINSON : 


nitric acid. The base was then precipitated by the addition of 


we 
sodium hydroxide to an aqueous solution of the purified nitrate, B py 
collected, and crystallised from benzene. 80¢ 
(B) Harman (3 grams) was boiled during an hour with pur § jg; 
benzaldehyde (10 c.c.), when the liquid became yellow and water § pw 
was eliminated. The product was mixed with ether and shaken § (j- 
with hydrochloric acid (10 c.c. of concentrated acid and 15 c.c. of § ins 
water), when a bright yellow hydrochloride separated. This was J fro) 
collected and washed with ether. The substance is undoubtedly J and 
benzylideneharman hydrochloride, and is very similar in appearance a 
and properties to the analogous harmine derivative (Perkin and n 
Robinson, loc. cit.). When it is treated in alcohol with ammonia, N 
a pale yellow solution is obtained which exhibits a most striking § and 
violet fluorescence. The whole of the hydrochloride was dissolved ligh 
in pure pyridine (20 c.c.) and oxidised by means of a cold saturated J reac 
solution of potassium permanganate until a pink coloration remain- § oly 
ing permanent for an hour was obtained. The excess of perman- § [p y 
ganate was reduced by warming with a few drops of alcohol and § djjut 
the filtered solution evaporated to a small bulk and mixed with J spec; 
excess of hydrochloric acid. The yellow precipitate was collected J and 
and dissolved in the least amount of hot dilute ammonia and acidified J puri 
with acetic acid. The pale yellow precipitate was collected, washed § temp 
with hot water, and dried at 100°. It was then heated in a test- B react 
tube with a little glycerol until carbon dioxide ceased to be evolved J meth 
and the glycerol boiled. The product was mixed with water and J does 
picric acid added. The bright yellow picrate was collected, washed, § chlor 
and at once decomposed by ammonia in presence of a considerable J purp) 
volume of warm benzene. The separated solution was washed with B with , 
aqueous sodium hydroxide and dried by solid potassium hydroxide, § aleoh, 
and after filtration the greater part of the benzene was removed by § fluore 
distillation. The crystals which separated were again crystallised § exten 
from benzene. azo-de 
(C) Of the various sets of conditions tested for the conversion ff The 
tryptophan into norharman the following gave the most satisfactory § in yell 
results. A mixture of tryptophan (3 grams), water (250 cc); The 
sulphuric acid (2 ¢.c.), and aqueous formaldehyde (5 c.c. of 35 pe & yellow 
cent.), added in the order named, was boiled during one minute, § be con 
the lamp removed, and aqueous potassium dichromate (200 c.¢. of Bt is 
10 per cent.) added and the liquid allowed to cool. Excess of frequer 
sodium hydroxide was added and the liquid extracted several time §| from q 
with ethyl acetate. The extract was washed with a little dilute § N — ): 


sodium hydroxide and then with dilute hydrochloric acid, and it 8 
necessary to do this repeatedly, as norharman hydrochloride 1s to 
some extent soluble in ethyl acetate. The combined acid solution 
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were boiled with animal charcoal, filtered, and evaporated to a small 
bulk. The base was then precipitated by the addition of excess of 
sodium hydroxide and collected. The yield was 0°9 gram, which 
is 36 per cent. of that demanded by theory. The substance is best 
purified by crystallisation of the nitrate from dilute nitric acid 
(1:3), this salt being sparingly soluble in the cold and crystallising 
in slender, yellow needles. The regenerated base is then crystallised 
from a mixture of ethyl acetate and light petroleum (b. p. 60—70°), 
and finally from benzene and dried at 100° (Found: C = 78°4; 
H=48; N=170. C,,H,N, requires C=785; H=48; 
N = 16°7 per cent.). 

Norharman crystallises from benzene in colourless, slender needles 
and melts at 198°5°. It is sparingly soluble in cold benzene or 
light petroleum, moderately soluble in ether or ethyl acetate, and 
readily soluble in methyl or ethyl alcohol. It is fairly readily 
soluble in hot water and crystallises on cooling in woolly needles. 
In neutral solvents, its fluorescence is barely perceptible, but in 
dilute acid solution it exhibits a vivid blue fluorescence. The 
specimens of norharman prepared according to the methods A 
and B above melted at 197—198°, and mixed with the especially 
purified specimen obtained from tryptophan melted at the same 
temperature. Norharman does not exhibit numerous colour 
reactions. It gives no colour with a pine shaving, nor with p-di- 
methylaminobenzaldehyde and alcoholic hydrochloric acid. Neither 
does it show any sign of change in presence of vanillin and hydro- 
chloric acid, although the similarly constituted carbazole gives a 
purple coloration with this reagent. Finally, it does not couple 
with diazonium salts. On reduction with sodium in boiling butyl- 
alcoholic solution, a substance is obtained which no longer exhibits 
fluorescence in acid solution. This product combines to some 
extent with p-nitrobenzenediazonium acetate to a reddish-brown 
azo-derivative, orange-red on the addition of hydrochloric acid. 

The mercurichloride crystallises from hot dilute hydrochloric acid 
in yellow needles and is sparingly soluble. 

The picrate crystallises from hot water in flocculent, intensely 
yellow needles melting at 260° with decomposition. It may also 
be conveniently crystallised from ethyl alcohol in slender needles. 
It is very sparingly soluble in cold water and alcohol and has 
frequently been employed as a means of recovering norharman 
from dilute solutions (Found : * N = 17°8. C,,H,,0,N; requires 
N= 17°6 per cent.). 


* Dried at 100°. 
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‘4 7 — CH,;-CO,H 
2-Carboxyindole-3-acetic Acid, | A, a 


For the purposes of this research, this acid was prepared in 
quantity by a modification of the process of Wislicenus and Wald. 
miiller (Ber., 1911, 44, 1572). «-Ketoglutaric acid (39°3 grams), 
dissolved in alcohol (300 c.c.), is mixed with a solution of phenyl- 
hydrazine (33 grams) in alcohol (200 c.c.) and then a stream of 
hydrogen chloride passed sufficiently rapidly to raise the alcohol 
to the boiling point. The liquid first darkens in colour, then 
becomes less coloured, and ammonium chloride separates. After 
heating under reflux for an hour, the ammonium chloride is filtered 
off, washed with alcohol, and the alcoholic hydrogen chloride 
removed by distillation under reduced pressure. 

On the addition of water, the ethyl ester of 2-carboxyindole- 
3-acetic acid separates as a yellow syrup which soon solidifies and, 
after recrystallisation from a small quantity of alcohol, melts at 
83—84°, as stated by Wislicenus and Waldmiiller. In order to 
obtain the free acid, it is convenient to boil the crude ester with 
dilute sodium hydroxide (8 per cent.) for about two to three hours. 
After filtering from a small amount of black tar, the solution is 
acidified with dilute hydrochloric acid, when, on rubbing, 2-carboxy- 
indole-3-acetic acid separates in small, brown crystals. For 
analysis, the acid was recrystallised from benzene (Found : C =607; 
H=45. C,,H,O,N requires C = 60°3; H = 4:1 per cent.). 

2-Carboxyindole-3-acetic acid melts at 235—236° and exhibits 4 
marked tendency to form supersaturated solutions. It dissolves 
appreciably in boiling water and separates, on cooling and scratch- 
ing, in minute white needles; in alcohol, it is readily soluble, but 
much less so in benzene, and is almost insoluble in light petroleum. 
The alcoholic solution, mixed with p-dimethylaminobenzaldehyde 
and a drop of hydrochloric acid, becomes reddish-blue on boiling 
and on cooling the colour largely fades, only a pale blue tint re 
maining. The deep reddish-blue colour develops again on boiling. 
The addition of a drop of sodium nitrite changes the cold, pale 
blue liquid to a deeper blue, which becomes still deeper on boiling 
Heated in a test-tube, the acid decomposes with evolution of carbon 
dioxide, and the residue, boiled with very dilute sodium carbonate, 
deposits on cooling lustrous plates which melt at 95° and consist al 
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Dimethyl Ester of 2-Carboxyindole-3-acetic Acid, 
CgH,;N(CO,Me)(CH,*CO,Me). : 


Considerable quantities of this methyl ester were prepared by 
employing methyl alcohol in the place of ethyl alcohol in the ex- 
periment described at the commencement of this section. Most 
of the methyl alcohol and hydrochloric acid was distilled from the 
product under reduced pressure, when, on standing, the dimethyl 
ester separated in green crystals, which were collected and washed 
with water to remove ammonium chloride. <A further yield of 
less pure material was obtained by diluting the methyl-alcoholic 
mother-liquor with water, and both crops were purified by re- 
crystallisation from methyl alcohol. The same substance was also 
obtained by esterifying 2-carboxyindole-3-acetic acid with methyl 
alcohol and hydrochloric acid in the usual manner (Found : C = 63:2; 
H= 53. C,,H,,0,N requires C = 63:1; H = 5:3 per cent.). 

This dimethyl ester melts at 126—127°, is moderately readily 
soluble in boiling methyl alcohol, and separates in compact prisms. 
In general it is not so readily soluble in organic solvents as the 
diethyl ester. 

The alcoholic solution, containing p-dimethylaminobenzaldehyde 
and hydrochloric acid, gives on boiling a pale red coloration which 
becomes more intense on the addition of sodium nitrite. 

The anhydride, C,H;N< — im is formed when the acid is 
heated with acetic anhydride, and the presence of acetyl chloride 
appears to improve the yield and the purity of the product. A 
mixture of freshly distilled acetic anhydride (100 grams) and 
acetyl chloride (10 grams) is added to the acid (20 grams) and the 
mixture heated gently, at first on the water-bath and then to boiling. 
The acid dissolves and, when the solution is almost boiling, a mass 
of crystals separates ; after standing for an hour, these are collected, 
washed with acetic anhydride, and dried at 100°. The yield is 
about 13 grams, and, for analysis, the anhydride was recrystallised 
from acetic anhydride (Found: C = 65-4; H=41; N=68. 
(,,H,O,N requires C = 65:7; H = 3-5; N = 7-0 per cent.). 

When rapidly heated, this anhydride begins to blacken at 230° and 
melts with decomposition at about 250°. It is very sparingly soluble 
in alcohol or ether and insoluble in cold dilute sodium carbonate 
or hydroxide, but it dissolves readily in the latter on boiling. 

The Acid-amide, C,H N<OG NH! 2H (?).—With the object of 
obtaining the imide, the anhydride was dissolved in naphthalene 
it 180° and a current of carefully dried ammonia passed, when a 
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white, sparingly soluble substance separated, which proved to be 
the amide. Benzene was added to dissolve the naphthalene, and 
the white powder collected and washed with benzene, when it was 
found that the substance was readily soluble in dilute sodium 
carbonate, and analysis proved that it was the amide figured above. 
The same substance was subsequently more conveniently prepared 
in the following manner: A mixture of the anhydride (10 grams) 
with solid ammonium acetate (50 grams) is melted and the melt 
boiled gently for half an hour. The clear liquid, on cooling and 
mixing with water and dilute hydrochloric acid, gradually deposits 
the amide as a green solid, which is purified by crystallisation from 
alcohol, from which it separates in colourless needles which melt at 
242—-244° with decomposition (Found: C= 609; H=4¢; 
N = 12:2. C,,H,,0,N, requires C = 606; H=46; N= 128 
per cent.). The solution of the amide in alcohol containing p-di- 
methylaminobenzaldehyde and hydrochloric acid gives, on boiling, 
a purple blue coloration which fades somewhat on cooling. The 
addition of a drop of sodium nitrite in the cold changes the colour, 
and a peculiar dichroic liquid is obtained which is garnet-red to 
transmitted and blue to reflected light. 

Many experiments were made with this amide in the hope that 
it might be found possible to convert it into the imide (compare 
p. 1605). When the amide is heated in a test-tube, decomposition 
readily sets in and an odour reminiscent of scatole develops, but no 
imide appears to be formed. 

Similarly, the imide was not obtained when the di-ammonium 
salt of 2-carboxyindole-3-acetic acid was heated. The next attempt 
to obtain the imide was by heating the amide with acetic anhydride 
and acetyl chloride. When the amide was gently warmed on the 
water-bath with acetic anhydride (10 c.c.) and acetyl chloride 
(2 c.c.), it passed into solution, and, on further heating, the whole 
soon became semi-solid owing to the separation of a colourless, 
crystalline substance. After cooling, this was collected and re- 
crystallised from acetic acid, from which it separated in minute, 
colourless needles which melted, with decomposition, at about 312°. 
This characteristic substance is insoluble in sodium carbonate 0 
hydroxide in the cold, but dissolves in 12 per cent. sodium hydroxide, 
on gently warming, to a yellowish-green solution (Found : C = 64%; 
H=40; N=113. C,,H,0,N, requires C = 645; H=4li 
N = 11°6 per cent.). This analysis indicates that the substance 
an acetyl derivative of the imide of the probable constitutio! 

CH:C -0-CO-CH. 
CNS CONE 
in removing the acetyl group and obtaining the imide itself. 
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Similar want of success attended a series of experiments on the 
action of ammonia on the dimethyl ester of 2-carboxyindole-3-acetic 
acid (p. 1623). If the dimethyl ester is heated in a sealed tube 
with methyl alcohol saturated with ammonia at 0°, no crystalline 
substance separates, and, on opening the tube, a deep green colour 
develops on the surface and the liquid stains the skin. 

The Anilide, CH N<CONH UH, (2).—This derivative was 
prepared by boiling for fifteen minutes a mixture of aniline (5 grams), 
acetic acid (5 grams), and the anhydride of the acid (2 grams; 
p. 1623). On mixing the product with dilute hydrochloric acid, a 
green slime of crystals, containing acetanilide, separated, and these 
were collected and extracted with dilute ammonia. The alkaline 
extract was precipitated by hydrochloric acid, and the crystals, 
which were still sticky, were dissolved in sodium carbonate and 
again precipitated with hydrochloric acid. The voluminous mass 
of colourless crystals (2 grams) was collected, washed with water, 
and recrystallised from alcohol, from which the substance separated 
in needles melting at 216—217° (Found: C= 696; H = 5-0. 
C;7H,,0,N. requires C = 69°4; H = 4°8 per cent.). When this 
anilide (16 grams) was warmed with acetic anhydride (10 c.c.) and 
acetyl chloride (1°5 c.c.), it dissolved, and, on cooling, crystals 
separated which, after washing with alcohol and crystallising from 
acetic anhydride, melted at 182° (Found: C = 67°38; H=4'8; 
N=82. C,,H,,0,N, requires C = 67°83; H= 4:8; N = 8°3 per 
cent.). 

This substance is insoluble in dilute sodium carbonate or hydr- 
oxide and evidently corresponds with the mixed anhydride 
of the anilide of 2-carboxyindole-3-acetic acid and acetic acid. 
Its constitution is probably that represented by the formula 

CH,°CO-0-CO-CH 
CHSN<CoNH-C,H,  * 


. 
Wn 
N 


Indole-2-carboxylic Acid, | 


H 


This acid, which we required in considerable quantities, was, 
in the first instance, prepared from pyruvic acid and phenylhydr- 
azine by the method discovered by E. Fischer (Annalen, 1866, 236, 
142). Subsequently, a modification of the process described by 
Reissert (Ber., 1897, 30, 1030) was worked out, which was found 
to be convenient, and is briefly as follows :—o-Nitrophenylpyruvic 
acid, NO,*CgH,-CH,*CO-CO,H (20-9 grams), prepared as described by 
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Reissert, is dissolved in ammonia (140 c.c. of d 0-880 diluted with 
200 c.c. of water), a hot solution of crystallised ferrous sulphate 
(180 grams in 200 c.c. of water) gradually added, and the whole 
first warmed on the water-bath for half an hour and then boiled 
for the same time. After filtering, the filtrate and washings of the 
ferric oxide are concentrated considerably and acidified, when 
indole-2-carboxylic acid separates in the form of a white, crystalline 
powder, which, after remaining over-night, is collected, washed with 
cold water, and dried in the steam-oven. In this condition the 
acid is nearly pure, melts at 202—204°, and the yield is 12—}3 
grams, or about 70 per cent. of theory. 

On heating in alcoholic solution with p-dimethylaminobenz- 
aldehyde and hydrochloric acid, indole-2-carboxylic acid develops 
a red coloration, which fades on cooling and returns again on 


boiling. 
Indole-2-carboxyacetalylamide (Formula XITT). 


As stated in the introduction, this substance is produced when 
aminoacetal reacts with indole-2-carboxylic chloride. The pre- 
paration of this acid chloride was found to be a matter of some 
difficulty, but ultimately the following procedure led to the desired 
result. 

Indole-2-carboxylic acid (3-2 grams), thoroughly dried, powdered, 
and passed through a fine sieve, is placed in a small fractionating 
flask, mixed with freshly distilled acetyl chloride (35 grams), and 
then powdered phosphorus pentachloride (4:2 grams) gradually 
added to the suspension, the whole being well cooled during the 
addition. The flask is removed from the ice and gently warmed by 
the heat of the hand until the pentachloride has disappeared. 
After remaining at the ordinary temperature for four hours, the 
flask is connected with the pump, and the acetyl chloride and 
phosphoryl chloride are removed by warming in water at about 
40°, and finally at 50—55°. The residual acid chloride, although 
somewhat brown, is pure enough for the next operation, which is 
carried out as follows. The acid chloride is dissolved in warm dry 
chloroform (30 c.c. distilled over phosphoric oxide), the solution 
filtered rapidly from a little brownish-red impurity, cooled, and 
then aminoacetal (5-4 grams) dissolved in dry chloroform (10 ¢.c.) 
added, the vigorous reaction being controlled by careful cooling. 
After fifteen minutes, the flask is removed from the ice and salt, 
the chloroform distilled off under reduced pressure, the residue 
mixed with water, the crystalline precipitate collected with the aid 
of the pump, and dried on porous porcelain in a vacuum desiccator. 
The yield is about 80 per cent. of theory, and the substance, in this 


HARMINE AND HARMALINE. PART V. 1627 


condition, melts at 131—132° and is almost pure. For analysis it 
was crystallised from alcohol (Found : C = 65°5; H = 7:3; N = 10°4. 
(,;H»O3N, requires C = 65:2; H = 7:2; N = 10:2 per cent.). 

Indole-2-carboxyacetalylamide melts at 133°, is readily soluble in 
alcohol, but less so in benzene, and crystallises from either solvent 
in small, colourless needles. It is very readily soluble in ether, 
but sparingly so in light petroleum. It decomposes gradually at 
100°, turning yellow and giving off alcohol, and this decomposition 
takes place rapidly at about 140°. In a quantitative experiment 
carried out under these conditions, it was found that the acetal 
lost 26°7 per cent. of alcohol, whereas the elimination of one mole- 
cule of alcohol corresponds with 16°7 and that of two molecules 
with 33°3 per cent. loss. The residue is a hard, brittle mass sparingly 
soluble in most neutral organic solvents. It dissolves in hot acetic 
acid, but does not separate on cooling, and the addition of water 
precipitates an amorphous powder, which was not further 
investigated. 


5-Keto-4 : 5-dihydroindolediazine (1:4) (Formula XV). 


When indole-2-carboxyacetalylamide (2 grams) is added to a 
saturated solution of hydrogen chloride in alcohol at 40—45°, it 
soon dissolves to a deep yellowish-brown solution, and in a few 
minutes yellow crystals separate. After half an hour, the crystals 
are collected with the aid of the pump and recrystallised from 
boiling alcohol, in which the substance is sparingly soluble and 
from which it separates in short, yellow needles melting at 247° 
(Found: C=722; H=47; N=149. C,,H,ON, requires 
C=717; H=43; N=15:2 per cent.). The bright yellow 
solution of this compound in ethyl alcohol fluoresces green, but the 
addition of a drop of concentrated aqueous potassium hydroxide 
produces a duller yellow liquid which exhibits bluish-violet fluor- 
escence, and the reaction is evidence of the phenolic (enimic) 
character of this cyclic amide. That it contains a free position in 
the pyrrole nucleus is very probable in view of the following 
observations. A pine shaving is coloured a weak mauve-red by 
a hot aleoholic hydrochloric acid solution of the substance. When 
an alcoholic solution is heated with an equal volume of concentrated 
hydrochloric acid and a trace of p-dimethylaminobenzaldehyde 
added, a green coloration which becomes blue on the addition of 
water is obtained. The addition of vanillin to a suspension of the 
compound in concentrated hydrochloric acid causes a reddish- 
purple coloration even in the cold. On warming, this becomes very 
intense, and on the addition of water a purple precipitate is thrown 

3 k* 
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down. Addition of sodium hydroxide causes a colour change 
through blue and green to yellow. p-Nitrobenzenediazonium 
chloride to which sodium acetate in excess is added gives with an 
alcoholic solution of the substance a yellow colour changing to 
orange and reddish-brown and finally a reddish-brown precipitate 
of an azo-derivative. In presence of sodium hydroxide, the coupling 
occurs immediately to a deep bordeaux-red solution, and the reddish- 
brown precipitate is obtained on acidification. On boiling the 
substance (m. p. 247°) with concentrated hydrochloric acid, the 
initially clear yellow solution clouds at a certain stage and becomes 
faintly green. The crystalline material in suspension becomes 
viscous, and on the addition of water a sulphur-yellow material is 
precipitated. The reaction suggests polymerisation and instability 
to vigorous treatment with acids. No doubt the very unusual 
constitution of this compound would modify the indole colour 
reactions to a considerable extent, and tests were therefore also 
applied to a reduction product which can be obtained by the action 
of an excess of sodium in boiling butyl alcohol. The pine-shaving 
reaction was mauve-red, and stronger than with the original sub- 
stance. The dimethylaminobenzaldehyde reaction was rose-red, 
the vanillin—hydrochloric acid reaction was bright red, changing to 
purple on heating, whilst the coupling with p-nitrobenzenediazonium 
acetate gave a brownish-red as before, but the azo-derivative was 
in this case an indicator, and changed to crimson on the addition 
of hydrochloric acid. At an early stage of this investigation, it 
was thought that this substance might be a derivative of 4-carboline, 
and attempts were made in various directions to convert it into 
norharman, but uniformly without success. The products of 
distillation with zinc dust are indole and an orange base which 
sublimes readily and dissolves in dilute acids to an intense orange- 
yellow solution. This interesting substance could not be obtained 
in sufficient amount for examination. It may also be mentioned 
that the action of magnesium methyl iodide on the compound 
(m. p. 247°) in benzene solution results in the production of a base 
which fluoresces violet in ethyl acetate solution, but does not 
exhibit fluorescence in aqueous acid solution, a behaviour which 
is the reverse of that of harman. 


Condensation of Indole-2-carboxylic Chloride with Alanine Ester 
and with the Sodium Derivative of Ethyl. Acetoacetate. 


Indole-2-carboxy-x-(carbethoxy)ethylamide, 
C,H,N-CO-NH-CHMe:CO,Et. ; 
—This substance was readily obtained by the mixing of the acid 
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chloride from 1°6 grams of indole-2-carboxylic acid (p. 1626) with 
a chloroform solution of alanine ester (2°4 grams), when a colourless, 
crystalline substance soon separated. This (1'4 grams) was 
collected, washed with chloroform, and dried in a vacuum desiccator 
over sulphuric acid, when it melted at 202° (Found: C = 64°4; 
H=62. C,,H,,0,N, requires C = 64°6; H = 6:2 per cent.). 
-Carbethoaxy-«-methylvinyl Indole-2-carboxylate, 
C,H,N-CO-O-CMe:CH-CO,Et (7%). 

—The interaction of indole-2-carboxylic chloride with the sodium 
derivative of ethyl acetoacetate was studied in the hope that the 
product, on hydrolysis, might yield 2-acetylindole, C,H,N-CO-CH,, 
but apparently it is formed by the interaction of the acid chloride 
with the enol modification of ethyl acetoacetate. Indole-2-carb- 
oxylic acid (3°2 grams) was converted into the acid chloride in the 
usual manner (p. 1626), and the latter, dissolved in ether, added to 
an alcoholic solution of the sodium derivative of ethyl acetoacetate 
prepared from sodium (1 gram) and ethyl acetoacetate (5-2 grams). 
As there was little apparent change after twenty-four hours, the 
ether was slowly distilled off and the alcoholic solution heated on 
the steam-bath for half an hour. On adding water, a rather dark, 
semi-solid mass separated, which was collected, washed, and crystal- 
lised first from alcohol and then from benzene (Found: C = 66°0; 
H=53. C,;H,,0,N requires C = 65°9; H = 5°5 per cent.). 

This substance melts at 101°, is insoluble in dilute sodium 
hydroxide, and gives, in alcoholic solution with ferric chloride, only 
afaint green coloration. It therefore appears likely that it has the 
constitution assigned to it above. 


o-Nitro-p-tolyl Methyl Ether, Me¢ OMe. 

This substance may be readily obtained from o0-nitro-p-tolyl 
carbonate (Friedlander, “‘ Fortschritte der Theerfarben Fabrikation,” 
Vol. 9, p. 151) by hydrolysing with excess of sodium hydroxide 
solution and adding to the well-cooled product methyl sulphate and 
sufficient sodium hydroxide. 

A better plan is to precipitate the o-nitro-p-cresol from the 
akkaline solution, obtained by the hydrolysis of the carbonate, by 
hydrochloric acid, to collect this with the aid of the pump, dry on 
Porous porcelain and then methylate in the following way. Sodium 
2 mols.), dissolved in the minimum quantity of methyl alcohol, is 
added to the solution of o-nitro-p-cresol (1 mol.) in methyl alcohol, 
the whole well cooled, and then methyl sulphate (1 mol.) added 
‘lowly with shaking and cooling. The product is warmed on the 

3 K* 2 
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water-bath for half an hour, cooled, the sodium sulphate filtered 
off, and washed with a little methyl alcohol. The methyl alcohol 
is distilled off under reduced pressure, water added, and the crude 
methyl! ether extracted with benzene and then the benzene solution 
extracted with dilute sodium hydroxide. After drying over calcium 
chloride and distilling off the benzene, the o-nitro-p-tolyl methyl 
ether is distilled under reduced pressure; it boils constantly at 
150°/20 mm. The yield approximates to the theoretical. 


NO, Z 
o-Nitro-p-methoxyphenylpyruvic Acid, CO,H-CO-CH rd ~ NSOMe - 
4 2 /s«& amo 
In preparing this acid, sodium (9°2 grams), dissolved in alcohol = 7 
(92 grams), was cooled and gradually mixed with ethyl oxalate ie 
(29°2 grams). o-Nitro-p-tolyl methyl ether (16°6 grams) was then peers 
added and the mixture kept at 35—40° in a thermostat for three ae” 
days. The dark reddish-brown, gelatinous mass was cooled in ice, 158° 
decomposed by the calculated amount of a mixture of equal weights ff... = 
of concentrated hydrochloric acid and ice and most of the alcohol § y _ ( 
distilled off from the water-bath under reduced pressure. The salt 
which had separated was removed with the aid of the pump, washed 
with ether, and the liquid extracted with ether until the extract 
was scarcely coloured red by the addition of sodium hydroxide. 
The ethereal solution was repeatedly shaken with dilute sodium 
hydroxide (5 per cent.), when, on acidifying the alkaline extract, 
crude o-nitro-p-methoxyphenylpyruvic acid separated and was§ Reis 
extracted with ether. On standing, the ethereal solution deposited § the rec 
a small quantity of a substance very sparingly soluble in ether; ff dust a) 
this was removed by filtration and the ethereal solution dried and ff o-azop} 
concentrated. acetic ; 
On adding benzene, the new acid gradually separated in a crystal: B was th 
line condition and was recrystallised from benzene, from which it (17 gr, 
separated in well-developed, yellow needles. These crystals con- § methox 
tain benzene of crystallisation, melt at about 80°, but when heated section, 
rather below this temperature they become opaque and the melting Mf acid (19 
point is then 144—145°. The loss in weight was found to be only Bivas the 
7°5 per cent., corresponding with the formula 4C,)HyO,N,CgHs ff tempera 


which contains 7°5 per cent. of benzene (Found: in material fi the solic 
heated at 80—90° until the weight was constant, C = 50°3; H = 34; 
N = 5'8. CyjH,O,N requires C = 502; H=38; N= 58 pe 
cent.). 

o-Nitro-p-methoxyphenylpyruvic acid is readily soluble in ethet 
alcohol, or acetic acid, but sparingly so in benzene. It dissolves 
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appreciably in boiling water, and separates, on cooling, in pale 
greenish-yellow needles. Sodium hydroxide dissolves it with a 
deep purplish-red coloration. It reacts with phenylhydrazine, 
yielding a substance which melts at about 157°, but this has not 
been further investigated. 


NO, 


o-Nitro-p-methoxyphenylacetic Acid, CO,H-CH,C Dome. 

This acid is readily obtained under the following conditions : 
o-Nitro-p-methoxyphenylpyruvic acid, dissolved in the minimum 
amount of sodium hydroxide (2 per cent.), is cooled in ice-water 
and hydrogen peroxide solution slowly added until a test portion 
gives only a faint red coloration with sodium hydroxide. On 
awidifying, o-nitro-p-methoxyphenylacetic acid is precipitated as a 
sandy powder and may be recrystallised from 50 per cent. acetic 
acid, from which it separates in yellow needles. It melts at 157— 
158° and decomposes vigorously when it is heated, a fact which 
rendered analysis difficult (Found: N= 7:1. C,H,O;N requires 
N = 6°7 per cent.). 


o-Azoxy-p-methoxyphenylacetic Acid, 


O 
CO,H-CH,-C,H,(OMe)-N:N-C,H,(OMe):CH,-CO,H. 


Reissert (Ber., 1909, 41, 3924), in describing his experiments on 
the reduction of o-nitrophenylacetic acid to dioxindole with zine 
dust and sulphuric acid, mentions that he obtained as by-product, 
oazophenylacetic acid. On reducing o0-nitro-p-methoxypheny]l- 
etic acid under the same conditions, the main product isolated 
was the azoxy-derivative. o-Nitro-p-methoxyphenylpyruvic acid 
(\7 grams) was oxidised with hydrogen peroxide to o-nitro-p- 
methoxyphenylacetic acid under the conditions given in the last 
section, and the latter acid was precipitated by adding sulphuric 
acid (10 c.c. of 50 per cent.). Zinc dust (1°3 grams of 90 per cent.) 
)@¥as then added in small quantities and with vigorous shaking, the 
temperature being kept at about 30°. After remaining over-night, 
the solid was collected, washed well, and recrystallised from 50 per 
‘ent. acetic acid, from which the azoxy-derivative separated in 
stout, brownish-yellow needles which melted at 173—174° (Found : 
C=580; H=51; N=8-0. C,,H,,0,N, requires C = 57°7; 
H= 48; N = 7°5 per cent.). 
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be 
6-M ethoxyindole-2-carboxylic Acid (Formula XXXVI). me 
This acid is obtained from o-nitro-p-methoxyphenylpyruvic acid a 
by reduction with ferrous sulphate and ammonia under the con. ad 
ditions already described in detail in the case of the preparation of ho 
\ indole-2-carboxylic acid from o-nitrophenylpyruvic acid (p. 1625), hy 
The only point of difference is that the ammonium salt of the — ™° 
methoxy-acid is less soluble than that of the unsubstituted acid, B °° 
and usually crystallises out to some extent from the filtrate of the 
ferric oxide sludge, which requires therefore to be well washed with 
hot water. On acidifying the ammoniacal filtrate, 6-methoxy.- 
indole-2-carboxylic acid separates as a sandy, crystalline powder, 1 
the yield being about 70 per cent. calculated on the pyruvic acid J chk 
employed (Found: C= 630; H=47. Cy 9H,O,N requires § the 
C = 62°8; H = 4°7 per cent.). indc 
6-Methoxyindole-2-carboxylic acid closely resembles indole-2- § pot; 
carboxylic acid in appearance and in many of its properties. It melts § and 
at 196—197°, and decomposes a few degrees above this into carbon J gtit, 
dioxide and 6-methoxyindole (see below). It is readily solublein # ¢ — 
boiling alcohol, and, when the solution is allowed to cool slowly, T 
the acid separates in well-defined, prismatic needles. It crystallises to ; 
from acetic acid in lustrous plates which lose their lustre on heating B heat 
in the water-oven owing to elimination of acetic acid of crystallisa- B gybs 
tion. The boiling solution in alcoholic hydrochloric acid gives with It 
p-dimethylaminobenzaldehyde, a red coloration, which almost §  gojy, 
disappears on cooling; the addition of sodium nitrite then produces comy 
a deep greenish-blue coloration. 
6-Methoxyindole (Formula XX XIX). M-] 
This new derivative of indole is obtained when 6-methoxyindok- In 
2-carboxylic acid is cautiously heated in a test-tube by means of 4 amid 
sulphuric acid bath somewhat above its melting point (197°) until aleoh 
decomposition is complete. The residue is boiled with water tg 
containing a little sodium carbonate and filtered hot, when, (: = 
cooling, 6-methoxyindole separates in colourless, glistening leal- u 
lets (Found: C = 73:2; H=6-2. C,H,ON requires C = 734; sj a 
H = 6:1 per cent.). oe ‘ 
6-Methoxyindole melts at 91—92° and has a faint and not ut defin 
pleasant odour somewhat reminiscent of that of indole, with which ind “a 
substance it exhibits considerable similarity in appearance and “a 


properties. 
It is readily soluble in the usual organic solvents with the excep 
tion of light petroleum, from which it can very conveniently 
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be recrystallised. When heated in alcoholic solution with p-di- 
methylaminobenzaldehyde and a drop of hydrochloric acid, a 
purplish-red colour develops, which does not fade on cooling. The 
addition of a drop of sodium nitrite intensifies the colour. If, 
however, the alcoholic solution is mixed with several drops of 
hydrochloric acid and heated, the initially red solution becomes 
more deeply coloured, then bluer, and ultimately a somewhat faint 
greenish-blue, and the colour is intensified by adding nitrite. 


6-Methoxyindole-2-carboxyacetalylamide (Formula XL). 


This substance is obtained by the action of aminoacetal on the 
chloride of 6-methoxyindole-2-carboxylic acid essentially under 
the conditions described in detail in the case of the preparation of 
indole-2-carboxyacetalylamide (p. 1626). The principal difference 
noticed was that the methoxy-acid appeared to react more readily 
and smoothly with phosphorus pentachloride than the unsub- 
stituted acid (Found: C = 62°99; H=7:2. C,,H,.0,N, requires 
C = 62:7; H = 7:2 per cent.). 

This acetalylamide is very similar in appearance and properties 
to indole-2-carboxyacetalylamide, and is also decomposed on 
heating with elimination of alcohol and formation of a resinous 
substance. 

It melts at 123° and crystallises well from benzene, in which 
solvent, as also in alcohol, it is more readily soluble than the simpler 
compound. 


11-Methoaxy-5-keto-4 : 5-dihydroindolediazine (1 : 4) (Formula XLI). 


In preparing this substance, 6-methoxyindole-2-carboxyacetalyl- 
amide is added to a saturated solution of hydrogen chloride in 
alcohol and kept at 40—45° until yellow crystals separate. After 
remaining over-night, the precipitate is collected and recrystallised 
from aleohol (Found: C = 67:1; H=4°8. C,H, 0,N, requires 
C= 67:3; H = 4°7 per cent.). 

Methoxyketodihydroindolediazine melts at 253° with previous 
sintering. It is moderately soluble in acetone, less soluble in alcohol, 
and still less so in benzene, and separates from alcohol in well- 
defined, yellow needles. Both this substance and ketodihydro- 
indolediazine (m. p. 247°; p. 1627) exhibit a vivid blue fluor- 
escence in neutral or alkaline, but not in acid, solution, and this 


effect is best seen with the aid of the light of burning magnesium 
ribbon. 
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3-Methylindole-2-carboxylic Acid (Scatole-2-carboxylic Acid) 
(Formula XXV). 


It is stated in the introduction (p. 1609) that this acid may be 
conveniently prepared from the product of the condensation of 
o-nitrotoluene with ethyl oxalate and sodium ethoxide, by direct 
methylation followed by the reduction of the product. The con. 
densation product prepared as recommended by Reissert (Ber., 
1897, 30, 1030), after keeping at 40° for three days, is cooled and the 
red, gelatinous mass mixed with one and a half times the calculated 
quantity of methyl iodide, when decomposition sets in at once with 
some evolution of heat. The mixture is heated to boiling for two 
days, during which the red colour changes to brown, the alcohol 
and excess of methyl iodide are then distilled off under reduced 
pressure, water is added, and the whole extracted three times with 
ether. After washing well with water and drying over calcium 
chloride, the ethereal solution is allowed to remain over-night, 
during which it deposits a small quantity of a reddish-brown, 
crystalline substance, which was not further examined. The 
filtered ethereal solution is evaporated and the yellowish-brown 
syrup—which presumably consists mainly of ethyl a-keto-8-o-nitro- 
phenylbutyrate, C,gH,(NO,)*CHMe-CO-CO,Et—(5 grams) is dis- 
solved in glacial acetic acid (30 c.c.) and gradually reduced by 
zine dust (13 grams of 90 per cent.), the addition of the latter being 
so regulated that the temperature does not rise above 50°. The 
product is mixed with water, extracted several times with ether, 
the ethereal solution, which exhibits a striking bluish-green 
fluorescence, washed with water and dilute sodium carbonate 
solution, and quickly dried over potassium carbonate, during which 
3-methoxy-4-methyl-«-quinolone commences to separate (see below). 
The ethereal solution is rapidly filtered and left for two days in the 
ice chest, filtered from the quinolone and evaporated, when 4 
yellow syrup remains which gradually crystallises and ultimately 
becomes semi-solid. Purification is best achieved by distilling the 
whole under reduced pressure, when the ethyl ester passes over 
at 210°/8 mm., leaving a considerable carbonaceous residue. The 
ester soon solidifies, and may be crystallised from alcohol, from 
which it separates in stout needles melting at 135° (compare 
Wislicenus and Arnold, Annalen, 1888, 246, 334) (Found : C = 707; 
H = 64. C,,H,,0,N requires C = 70°9; H = 6:4 per cent.). 

8-Methylindole-2-carboxylic acid is readily obtained from the ester 
by boiling with methyl-alcoholic potassium hydroxide, adding 
water, evaporating off the methyl alcohol, and acidifying with 
hydrochloric acid, when the acid separates as a putty-like mass, 
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which soon solidifies and crystallises well from dilute acetic acid in 
needles melting at 164° (Found: C = 685; H= 5:2. C,,H,O.N 
requires C = 68°6; H = 5:1 per cent.). 


CMe:C-OMe 
NH-CO 


This substance, obtained as described above, is produced only 
ina yield of about 2 per cent. under these conditions. It melts at 
217°, is almost insoluble in ether, and sparingly so in alcohol, from 
which it separates in concentric groups of needles (Found: 
(=700; H=56; N=74; MeO=169. C,,H,,0,N re- 
quires C= 6983; H=58; N=74; MeO = 16-4 per cent.). 
Methoxymethylquinolone is insoluble in warm dilute ammonia, but 
dissolves immediately in methyl-alcoholic potassium hydroxide 
(25 per cent.) in the cold, and a crystalline substance is deposited, 
which is apparently a potassium derivative. On acidifying with 
hydrochloric acid, the quinolone separates as a chalky mass con- 
isting of microscopic, fern-like leaves. 


3-Methoxy-4-methyl-a-quinolone, CgHy< 


(cf. p. 1610). 


3-Methylindole-2-carboxyacetalylamide (Formula XXX). 


In preparing this substance, 3-methylindole-2-carboxylic acid 
(17 grams) was suspended in freshly distilled acetyl chloride 
20 grams) and gradually mixed with phosphorus pentachloride 
(1 grams), rise of temperature being avoided. The product was 
treated exactly as described in the case of the chloride of indole- 
2carboxylic acid (p. 1626) and very carefully mixed with a dry 
chloroform solution of aminoacetal (3 grams), and it is necessary 
in this case to take special care to avoid rise of temperature, other- 
wise a dark product is obtained. 

After distilling off the chloroform under reduced pressure, the 
residue is recrystallised from benzene. The yield is more than 
%) per cent. of theory (Found : C = 664; H=7°7. C,,H,,0,N, 
requires C = 66°2; H = 7°6 per cent.). 

3-Methylindole-2-carboxyacetalylamide separates from benzene, 
in which it is moderately readily soluble, in colourless needles and 
melts at 115°. 


)-Keto-7-methyl-4 : 5-dihydroindolediazine (1 : 4) (Formula XXX1I). 


This substance is obtained when 3-methylindole-2-carboxy- 
‘etalylamide is mixed with alcoholic hydrogen chloride and the 
uxture warmed to 40—45° (compare p. 1627). Yellow crystals 
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separate, which are collected and twice recrystallised from alcohol 
(Found: C=729; H=50. CyH,ON, requires C = 727; 
H = 5°0 per cent.). 

This substance melts at 210° and in appearance and properties 
closely resembles 5-keto-4 : 5-dihydroindolediazine (p. 1627). Both 
substances dissolve in alcohol, yielding pale yellow solutions which 
fluoresce green. When sodium is added to the solution of either 
in boiling butyl alcohol, reduction takes place and the solutions 
exhibit a remarkable yellowish-green fluorescence. Again, both 
substances couple readily with diazotised sulphanilic acid, yielding 
dyes which dissolve in alkalis with an orange-yellow and in acids 
with a yellow colour and dye wool yellow from an acid bath. The 
relation of these substances to 1-methylisoquinolone is a close one 
both in regard to formal constitution and properties. 


1 : 3-Dimethylindole-2-carboxylic Acid (Formula XXXII). 


This acid, which does not appear to have been previously 
described, is obtained from «-ketobutyric acid by simply heating 
with as.-phenylmethylhydrazine and hydrochloric acid on the stean- 
bath. Methyloxalacetic ester (Wislicenus and Arnold, Aznalen, 
1888, 246, 336; 12 grams) is added to a mixture of concentrated 
hydrochloric acid (30 c.c.) and water (60 c.c.) and the whole gently 
boiled until the evolution of carbon dioxide has ceased and the oil 
has completely disappeared. After allowing to cool, crude phenyl- 
methylhydrazine * (10 grams) is added and the mixture heated on 
the steam-bath, when, in a short time, needles of dimethylindole. 
carboxylic acid commence to separate and soon fill the liquid 
The acid, after being collected, washed, and dried at 100°, melts at 
197—200° and the yield is almost theoretical. In this condition 
it may be used directly for the work described below. For analysis, 
it was recrystallised from benzene containing a little alcohol (Found: 
C=700; H=60; N=7-6. (©,,H,,0,N requires C = 694; 
H = 5:8; N = 7-4 per cent.). 

1 : 3-Dimethylindole-2-carboxylic acid decomposes suddenly at 
about 213° without previous fusion. It is readily soluble in alcohol, 
but almost insoluble in cold benzene or light petroleum, and 
separates from a mixture of benzene and alcohol as a colourless 
crystalline powder. The alcoholic solution, mixed with p-dimethyl- 
aminobenzaldehyde and hydrochloric acid, gives no coloration until 
nitrite is added and then a red colour develops, which slowly fades. 


* For such purposes, the crude mixture of phenylmethylhydrazine with 
some methylaniline which results from the reduction of nitrosomethylaniline 
with zine dust and acetic acid may be generally used with success, 
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1 : 3-Dimethylindole-2-carboxyacetalylamide, 
i= Me 


\ A» /)CO-NH-CH,CH(OEt), 
NMe 


In preparing this substance, 1 : 3-dimethylindole-2-carboxylic 
acid is first made into the acid chloride with acetyl chloride and 
phosphorus pentachloride in the usual manner (p. 1626), and this 
is then condensed with aminoacetal in chloroform solution. After 
distilling off the chloroform and adding water, the crystalline mass 
is collected, dried on porous porcelain, and crystallised from a 
mixture of benzene and light petroleum (Found: C = 67:1; 
H=7:9. C,,H,,0,N, requires C = 67:2; H = 7-9 per cent.). 

This substance separates from a mixture of benzene and light 
petroleum in long, colourless hairs and melts at 110—111°. In 
its properties, and especially in its manner of crystallising from 
various solvents, it differs rather markedly from the other sub- 
stituted aminoacetals described in this communication. Although 
there was no probability of a diazine being formed, some of the 
substance was treated in the usual manner with alcoholic hydrogen 
chloride (p. 1627), but no darkening of the solution took place, nor 
did crystals separate. On adding water, a sticky substance was 
deposited, which may have been the corresponding aldehyde, or 
an oxazole derivative, but the matter was not further investigated. 


1-Methylindole-2-carboxyacetalylamide (Formula XX XIII). 


The 1-methylindole-2-carboxylic acid required for the preparation 
of the above substance was obtained from phenylmethylhydrazine 
and pyruvic acid by the method described by E. Fischer and O. 
Hess (Ber., 1884, 17, 561). This acid gives, in alcoholic solution, 
with p-dimethylaminobenzaldehyde and hydrochloric acid, a deep 
purple coloration which fades somewhat on cooling. A drop of 
sodium nitrite then gives a more intense red, which fades on boiling. 

The acid chloride was made by acting on the acid (3-5 grams) 
with acetyl chloride (30 c.c.) and phosphorus pentachloride (4-2 
grams) in the usual manner (p. 1626). The conversion of the 
chloride into 1-methylindolyl-2-aminoacetal also proceeds normally 
(p. 1626), but the product, after distilling off the chloroform, 
exhibited little tendency to crystallise until it was rubbed with 
water. The crude crystalline mass, after being collected and dried, 
Weighed 4-6 grams and was nearly pure (m. p. 102—103°). For 
analysis, it was recrystallised from benzene and then melted at 
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106—107° (Found: C= 66-4; H=7-6. C,H ,O;N, requires 
C = 66-2; H = 7-6 per cent.). 


2-Keto-1-methyl-2 : 3-dihydro-4-carboline (Ketomethyldihydro- 
norharman) (Formula XXXIV). 


This interesting substance is obtained when 1-methylindole. 
2-carboxyacetalylamide is warmed with alcoholic hydrogen chloride 
at 40—45° for a few minutes. The colourless crystals which 
separate are collected and appear to consist of a hydrochloride, and 
this must not be washed with alcohol, since it is soluble in alcohol 
containing hydrogen chloride. If, however, the substance, after 
draining on porous porcelain, is dissolved in much hot alcohol, 
ketomethyldihydrocarboline itself separates, on cooling, in long, 
colourless needles. For analysis, the substance was again crystal- 
lised from alcohol (Found: C=72:7; H=45-0. C,,H, ON, 
requires C = 72-7; H = 5-0 per cent.). 

2-Keto-1-methyl-2 : 3-dihydro-4-carboline melts at 242° and is 
generally more readily soluble in organic solvents than 5-keto-4 : 5- 
dihydroindolediazine (m. p. 247°; p. 1627). Unlike the latter 
substance, it is appreciably soluble in boiling water. Its basic 
character is definite although feeble, and it is also phenolic. In 
both acid and alkaline solution it exhibits blue fluorescence. 


Synthesis of 4-Carboline (Norharman) (Formula IT). 


2-Keto-1-methyl-2 : 3-dihydro-4-carboline, finely powdered and 
intimately mixed with twenty times its weight of pure zinc dust, 
was cautiously distilled in a stream of hydrogen over a layer of 
zine dust about eighteen inches long contained in a hard-glass tube 
heated in a combustion furnace. The distillate was a pale yellow 
resin and the portion of the tube containing it was cut out, ground, 
and extracted with boiling dilute acetic acid with the addition of a 
little animal charcoal. The filtered solution exhibited intense 
blue fluorescence, and on the addition of a hot solution of picric 
acid gave a voluminous precipitate of a picrate. This was collected 
and recrystallised twice from hot water. The base was then re- 
generated into ether by means of dilute potassium hydroxide and 
the ethereal solution well washed with concentrated aqueous 
potassium hydroxide and dried over the solid reagent. The residue, 
after removal of the solvent, could be crystallised from benzene and 
had all the properties of norharman. The melting point was always 
unsatisfactory, however, and as it seemed probable that this was 
due to admixture of norharman with its N-methyl derivative, the 
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following procedure was adopted. The base was dissolved in dilute 
hydrochloric acid, the benzene mother-liquors and the apparatus 
employed in crystallisations were washed with the same reagent, 
and the combined solutions were concentrated, and the base 
precipitated by the addition of ammonia, collected, washed with 
water, and dried in air. The material was then mixed with a little 
hydriodic acid (d 1-8) and heated in a test-tube in a sulphuric acid 
bath to about 300°. The process was repeated twice and the 
product triturated with sulphurous acid, dissolved in hot alcohol, 
and after the addition of potassium hydroxide diluted with water 
and extracted with ether. The ethereal solution was washed with 
aqueous potassium hydroxide and then with water and finally with 
dilute nitric acid. This acid extract was concentrated on the 
steam-bath and on cooling the nitrate crystallised in pale yellow 
needles. The salt was once recrystallised from hot dilute nitric 
acid and the base was then regenerated and crystallised from 
benzene. The compound was thus obtained in colourless needles 
melting at 198° and at the same temperature when mixed with a 
specimen of norharman obtained as described on p. 1619. 


6-Methoxy-3-methylindole-2-carboxylic Acid (Formula XLIII). 


This acid was synthesised from o-nitro-p-tolyl methyl ether 
(p. 1629) in a manner similar to that employed in the synthesis of 
smethylindole-2-carboxylic acid from o-nitrotoluene (p. 1634). 
Sodium (4-6 grams), dissolved in alcohol (70 c.c.), was cooled, 
mixed with ethyl oxalate (14-6 grams) and then o-nitro-p-tolyl 
methyl ether (8-3 grams) added. After keeping for three days at 
4°, the thick, dark red mass was thoroughly mixed with methyl 
iodide (28 grams) and the whole heated under reflux for twenty- 
four hours, when the red colour had almost disappeared. 

The alcohol and excess of methyl iodide were distilled off under 
reduced pressure, water was added, and the mass extracted several 
times with ether. The ethereal extract was washed with water, dried 
over calcium chloride, and the ether distilled off, when a syrup re- 
mained which did not crystallise but evidently consisted of ethyl «-keto- 
+-0-nitro-p-methoxy phenylbutyrate, MeO-C,H,(NO,)*CHMe-CO-CO, Et. 
The syrup was dissolved in glacial acetic acid (200 c.c.), and zine dust 
(30 grams of 90 per cent.) added with constant shaking at such a rate 
that the acetic acid almost boiled. When all had been added, the 
whole was boiled for a few minutes, filtered with the aid of the pump, 
and water added to the filtrate, when an oil separated, which 
tapidly solidified, and more was obtained by extracting the zinc 
Pecipitate and solution with ether. After draining on porous 
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porcelain, the solid was recrystallised from a little alcohol, wher 
colourless crystals were obtained which melted at 128° and consistei 
of ethyl 6-methoxy-3-methylindole-2-carboxylate. 


This ester is readily soluble in alcohol, sparingly so in benzenefftirre 
and almost insoluble in light petroleum (Found: C = 67:-1,qaste. 


H = 6-3. C,3H,,0,N requires C = 67-0; H = 6-4 per cent.). 
This ester was hydrolysed by boiling with methyl-alcoholig 
potassium hydroxide, water was added, the solution evaporatedf! 
until free from methyl alcohol and acidified with hydrochloric acid, 
when 6-methoxy-3-methylindole-2-carboxylic acid separated as 3 
colourless, crystalline powder, which melted at 200—202° withoutfivi 
decomposition and in appearance and many of its properties rei 
sembled 3-methylindole-2-carboxylic acid (m. p. 164°; p. 1634), 


6-Methoxy-3-methylindole (6-Methoxyscatole) (Formula XLIV). 


In order to prepare this substance, 6-methoxy-3-methylindole- 
2-carboxylic acid contained in. a narrow test-tube was heated at 
about 210° by means of a sulphuric acid bath, when it effervesced 
and a white sublimate of lustrous plates condensed on the sides of 
the tube. A further quantity was obtained by extracting the 
rather tarry residue in the tube with boiling, very dilute sodium 
carbonate solution, the filtered solution, on standing, depositing 
almost colourless leaflets. The crystalline sublimate melted 
directly at 125° and consisted of 6-methoxry-3-methylindole, since a 


mixed melting point showed that it was identical with the substance ,. 


obtained by the action of heat on 6-methoxy-2-carboxyindole- 
3-acetic acid (p. 1641). 6-Methoxy-3-methylindole has a faint and 
not unpleasant odour, and is very readily soluble in the usual 
organic solvents. A splinter of a crystal dissolved in alcohol andj; 
mixed with p-dimethylaminobenzaldehyde and a drop of hydro- 
chloric acid develops a bluish-green colour, which becomes yellowish- 
green on the addition of more hydrochloric acid. On warming the 
solution, a rich bluish-purple colour develops, which is changed 
to deep bluish-violet by a drop of sodium nitrite. A pine shaving 
moistened with hydrochloric acid is coloured bluish-violet by this 
substituted indole. 


MeO 
m-Methoxy phenylhydrazine, 4 SN H-NH,. 


This substance, which had not previously been obtained, was 
required for the synthesis of the acid described in the next section, 
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nd was prepared from m-anisidine by the following process: 
-Anisidine (61-5 grams) is added to hydrochloric acid (500 c.c. of 
| 1:16), cooled in a freezing mixture and the whole vigorously 
irred, when the hydrochloride of the base separates as a thick 


Sodium nitrite (150 c.c. containing 0-23 gram per c.c.) is gradually 
dded, the stirring being continued and the whole kept at 0°. 
4 well-cooled solution of stannous chloride (350 grams) in hydro- 
hloric acid (300 c.c.) is run in slowly and after about four hours 
le heavy, white precipitate is collected, well pressed, and shaken 
ith sodium hydroxide solution (400 c.c. of 25 per cent.) and ether 
4250 c.c.) and the ethereal layer separated. The aqueous solution 
is extracted twice more with ether, the combined ethereal extracts 
ae dried over potassium carbonate, the ether is distilled off, and the 
rsidual oil fractionated under reduced pressure, when m-methoxy- 
phenylhydrazine passes over at 166—168°/15 mm. as a colourless 
il. On standing in a freezing mixture, this solidifies to a mass of 
‘Bolourless needles, which melt again at room temperature (Found : 
Y= 20-1. C,H,)ON, requires N = 20-3 per cent.). 


6-Methoxy-2-carboxyindole-3-acetic Acid (Formula XLVI). 


As stated in the introduction (p. 1614), this acid is formed when 
the condensation product of «-ketoglutaric acid and m-methoxy- 
phenylhydrazine is treated with alcoholic hydrogen chloride. 
nMethoxyphenylhydrazine (4 grams) is dissolved in alcohol 
5 ¢.c.), «-ketoglutaric acid (4 grams) added, and then gaseous 
,qiydrogen chloride passed sufficiently rapidly to raise the alcohol 
nearly to the boiling point. The liquid becomes brown and then 
green, ammonium chloride separates, and after two hours the latter 
filtered off and most of the alcohol distilled from the filtrate under 


., grduced pressure. On diluting with water, a sticky ester separates, 


_Jad this is hydrolysed by boiling with methyl-alcoholic potassium 
hydroxide, water is added, the methyl alcohol removed by distilla- 
tion under reduced pressure, and the residue acidified, when a 
tticky mass separates, which is rapidly removed by filtration. 
(n standing, the solution deposits needles which, after recrystallisa- 
tion from dilute acetic acid, melt at 224—225°. This acid was not 
analysed owing to the very small yield, but it is evidently 6-methory- 
‘carboxyindole-3-acetic acid, because, when heated, it decomposed 
vith evolution of carbon dioxide and formation of 6-methoxy- 
smethylindole (6-methoxyscatole), which melted at 125° and was 
identical with the substance obtained from 6-methoxy-3-methyl- 
idole-2-carboxylic acid by the action of heat (p. 1640). 


HARMINE AND HARMALINE. PART V. 


Note on Nomenclature. 


There are four theoretically possible heterocyclic types containing 
fused indole and diazine nuclei, and these isomerides of the carbolines, 
naphthiminazoles, etc., are figured below. It is suggested that the 
name “ indolediazine” is the most rational description possible, 
and the system of numbering is similar to that already adopted in 
the case of the carbolines (compare T., 1919, 115, 970). 


Pad 
\N\w/ 
L 
\y7 
Indolediazine (1: 3). 


Indolediazine (1: 4). Indolediazine (1 : 5). 


It should be noted that the numbering is counter-clockwise 
because the indole nucleus is written 


Sop 
ue 


In Richter’s “ Lexicon” the numbering is usually clockwise, but 
the result is identical because the indole nucleus is inverted. 


We desire to thank Dr. J. Kenyon and Captain J. R. H. Whiston, 
M.A., for assistance in the preparation of «-ketoglutaric acid, 
o-nitro-p-tolyl methyl ether, and certain other substances required 
in considerable amount in the course of this investigation. Our 
thanks are also due to Mr. F. Hall, who carried out a large pro 
portion of the necessary analyses. 
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CLXXXVI.—The Molecular Conductivity of some 
Sulphonium Compounds in Acetone. 


By Str PRAPHULLA CHANDRA RAy and KaLikumaR Kumar. 


Iv recent years one of the authors has prepared a large number of 
new sulphonium compounds which are insoluble in water but are 
generally soluble in acetone. The acetone solutions of these com- 
pounds are fairly good conductors, indicating that the substances 
behave as salts. An investigation of the conductivity of these com- 
pounds was therefore undertaken, with results which are tabulated 
below. The molecular conductivity increases regularly with dilution 
and its magnitude is similar to that observed for potassium iodide. 
These compounds appear, therefore, to be true salts having molecular 
weights represented by their respective chemical formule, and 
dissociating as uni-univalent electrolytes, possibly into a negative 
iodine ion and a complex positive ion containing the sulphur chain. 

The sulphonium compounds used in the present investigation 
have already been described (T., 1916, 109, 1, 135, 606; 1919, 
115, 551, 1152). 

Merck’s chemically pure acetone was used. It was further 
purified by rectification over anhydrous calcium chloride, and had 
the constant b. p. 55-8°; its specific conductivity was 3-3 x 10-% 
reciprocal ohms at 27°. The temperatures of the different experi- 
ments were between 26-8° and 28-8°, and the results are expressed 
for the temperature 27-8°. 

The results obtained in the conductivity experiments are tabulated 
below, where V is the volume in litres containing a gram-molecular 
weight of the salt. 


Conductivity of Sulphonium Compounds in Acetone Solution at 27°8°. 


Compound. V=64. V=128. V=256. Remarks. 
(l) EtMeS,,Mel,2H eI, — 168-1 181‘9 One hexad and one 
tetrad sulphur atom. 
(2) Et,S,,.EtI,2HgI, ... 114-5 135°4 144°3 
(3) Et,8,MelI,Hgl, ...... 124:2 133°6 142-4 One hexad sulphur 


atom. 
(4) Et,8,EtI,HglI, 2 
(5) Et,8,Prl,HgI, 3°3 2 
(6) Et,S,Bul,Hgl, 3 2 
(i) Me,S,,MeI,HgI, 4 


f 
of 


139-4 
136°9 
f 132°3. * At V=63°8. 
149°0 Chain compound with 
two tetrad sulphur 
atoms. 


( 


140°3 
139-0 
1324 
129°3 
125°3 
115° 
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Discussion. 


The disulphonium chain compounds with one hexad and on 
tetrad sulphur atom give the best conducting solutions in acetone, 
They are followed by the monosulphonium hexad compounds, 
whilst the disulphonium compounds with two tetrad sulphw 
atoms give the smallest conductivities, comparable with the values 
for potassium iodide in acetone solution. 

The conductivities of similar compounds diminish, without 
exception, with increasing molecular weight, for example, on 
comparing the compounds numbered (1) and (2) it will be found 
that the replacement of two methyl groups by two ethyl groups 
lowers the conductivity from 168-1 to 135-4. This relation between 
conductivity and molecular weight is borne out by the values for 
the compounds (3), (4), and (5), and those for the compounds (9), 
(10), and (11). 

The compounds (11) and (12) have identical molecular weights, 
but show an appreciable difference in their conducting power. 
This is probably due to the relative difference in the magnitude of 
the aliphatic radicles of the two compounds. Thus the methyl 
and propyl radicles differ by two methylene groups, whereas ethyl 
and propyl differ by only one. 

CHEMICAL LABORATORY, 


UNIVERSITY COLLEGE OF SCIENCE, CALCUTTA. 
[Received, June 28th, 1921.) 


CLXXXVII.—The Essential Oil from Andropogon 
iwarancusa, Jones, and the Constitution of Piperitone. 


By Jonny LIonEtL SIMONSEN. 


For some time past the author has been investigating the ol 
obtained by the distillation of the grass—Andropogon twarancus, 
Jones.* As the main constituent of the oil (approximately 8 


* Mr. R. S. Hole, Forest Botanist, has kindly furnished. me with the 
following botanical note : 

Taxonomy. 

In 1889, Hackel described the following forms : 

(1) Andropogon laniger, Desf., var. a genuinus from Africa, Arabia, 
India, var. 8 grandiflorus from Persia. 

(2) Andropogon iwarancusa, Blane, var. a genuinus from India, 
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per cent:) was found to be a ketone identical apparently with 
piperitone, it appears desirable, in view of the recent publication 
of the paper by Smith and Read (this vol., p. 779) dealing with the 
properties of piperitone, to place on record the results so far 
obtained, leaving to these authors the further investigation of this 
interesting ketone. 

Andropogon iwarancusa, Jones, occurs in the Himalayas and 
outer hill zone from Kashmir to Assam ascending to 8000 ft. and 
above; in the plains from North West Himalaya to Bombay 
Presidency. 

The oil from A. iwarancusa, Jones, does not appear to have been 
previously investigated, although the constituents of the oil of the 
closely related grass, Cymbopogon sennaarensis, Chiov., have been 
examined by Roberts (T., 1915, 107, 1465). The oil used in this 
research was kindly placed at the disposal of the author by Colonel 
Johnson of Abbotabad, and had been obtained in a yield of about 
1 per cent. by steam distillation in the usual manner. It has been 
found to be of comparatively simple composition, consisting of a 
terpene, which has not up to the present been identified and is being 
further investigated, together with a ketone which has properties 
agreeing in nearly all respects with those of dl-piperitone isolated by 
Read and Smith from ELucalyptus dives except that it was found to 


be strongly dextrorotatory ({«]i + 36-76°). The properties of 
this ketone would further appear to be identical with those of the 
ketones isolated by Schimmel & Co. (Report 1910, p. 97) from 


B sennaarensis from Africa, var. y proximus from Africa (DC. Mon. Phan., 
Vol. VI, pp. 598—601). 


In 1906, Dr. Stapf pointed out that the correct, original name of (2) was 
Andropogon iwarancusa, Jones (Kew Bull., 1906, p. 314); at the same time 
he suggested breaking up the large genus Andropogon as understood by 
Hackel, and the definition of Hackel’s two Indian plants as distinct species 
under the names of (1) Cymbopogon schenanthus, Spreng, and (2) Cymbopogon 
warancusa, Schult (loc. cit., pp. 352—354). Dr. Stapf, however, remarks 
that “It is not impossible that the distinguishing characters of C. iwarancusa 
as compared with C. schenanthus, namely, the robust state, the long, flat, and 
relatively broad leaves, and the more composite panicles, are mainly due to 
edaphic influences,” and when speaking of the distribution of C. schenanthus 
says “‘ the eastern limit is ill-defined, as here the areas of C. schenanthus and 
C. iwarancusa overlap, and numerous transition forms occur ”’ (loc. cit., pp. 
14, 353). These plants are now being studied at the Forest Research 
Institute, Dehra Dun, with the object of deciding what forms, if any, are 
really distinct and can be distinguished by well-marked and constant 
characters, morphological or chemical, and meanwhile it is believed to be 
advisable to follow the Flora of British India, VII, p. 203, and to deal with 
the Indian forms of this plant as a single species under the name Andropogon 
warancusa, Jones. 
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Japanese peppermint oil and by Roberts (Joc. cit.) from C. senna. 
arensis. These authors considered the ketones isolated by them to 
be identical with A!-p-menthen-3-one, which had been prepared 
synthetically by Wallach (Annalen, 1908, 362, 272) from 1:3:4 
trihydroxyterpane. This view of the constitution was based (a) 
on the identity of the properties of the derivatives (semicarbazones 
and oximes) and (b) on the products of oxidation, namely, thymol, 
diosphenol, «-hydroxy-«-methyl-5-isopropyladipic acid, y-acetyl. 
«-tsopropylbutyric acid, and «-isopropylglutaric acid. The isolation 
of these products would appear to leave little doubt that these 
ketones had the constitution assigned to them unless some mole- 
cular rearrangement had taken place during the oxidation. 

Read and Smith (loc. cit.) would appear to consider dl-piperitone 
to be not identical with A!-p-menthen-3-one, although they point 
out that it must be a p-menthenone, since menthol was formed on 
reduction and thymol on oxidation with ferric chloride. Although 
they expressly leave the discussion of the constitution of dl-piperitone 
to a future communication (loc. cit., p. 783), they apparently base 
their present view that it cannot be identical with any known 
p-menthenone mainly on the fact that on treatment with benzalde- 
hyde in the presence of alkali a benzylidene derivative was formed. 
They have also recorded melting points for the semicarbazone, 
oxime, and hydroxylamino-oxime differing somewhat from those 
given to the similar derivatives of A!-p-menthen-3-one. 

The ketone obtained by the author, apart from its optical activity, 
had constants agreeing fairly well with those found for dl-piperitone 
and also with those recorded by Wallach (loc. cit.) for At-p-menthen- 
3-one. When purified through it’ sodium sulphite compound, the 
ketone was almost completely racemised ([«]}) + 7-92°), a fact 
readily explicable if it is assumed that in the presence of alkali enol 
formation takes place with consequent loss of the asymmetric 
carbon atom. This view is supported by the fact that the ketone 
is also racemised by treatment with dilute alkali and all derivatives 
prepared in the presence of alkali were found to be optically in- 
active. The identity of the racemic ketone with di-piperitone would 
appear to be definitely proved (a) by the formation of a benzylidene 
derivative, m. p. 61°, and a hydroxylamino-oxime, m. p. 170—I'I’, 
(b) by oxidation to thymol with ferric chloride, and (c) by reduction 
to menthol. On the other hand, a slight divergence from the 
results obtained by Read and Smith was observed in the melting 
points of the semicarbazone and oxime. When the ketone was @ 
treated with semicarbazide hydrochloride in the usual manner, 4 
mixture of two semicarbazones was obtained; the «-semicarbazone 
melted at 225—227° and the 8-semicarbazone at 174—176° (Schimmel 
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and Co., loc. cit., give 224—225° and 170—171° as the melting points 
ofthese two semicarbazones). For the oxime also a somewhat higher 
nelting point has been obtained by the author, namely, 117—118° 
(Read and Smith give 110—111°). The author would suggest that 
the somewhat lower melting point for the semicarbazone observed 
by Read and Smith was due to its not having been quite free from 
the more fusible isomeride, which the author has found to be removed 
uly with considerable difficulty on crystallisation from alcohol, the 
wlvent used by these authors. By the use of acetic acid, the 
ssemicarbazone was obtained pure after two crystallisations. The 
onsiderably higher melting point obtained in the case of the oxime 
issomewhat more difficult to understand, but it is possible that Read 
and Smith’s specimen was contaminated with a trace of the stereo- 
someride. Some support is lent to this suggestion in that the 
author, on one occasion, on boiling the pure oxime (m. p. 117—118°) 
with an excess of hydroxylamine hydrochloride and sodium acetate 
fr some days with the object of preparing the hydroxylamino- 
oxime, obtained as the product an oxime which was obviously a 
nixture and melted indefinitely at 90°; analysis established the 
absence of any impurity and on fractional crystallisation a small 
quantity of the pure oxime of m. p. 117—118° was separated, but 
itwas not found possible to isolate the stereoisomeride, which was 
idoubtedly present, in a pure state. On warming the mixture 
d oximes for some time with a little dilute alkali, the whole was 
reonverted into the oxime of m. p. 117—118°. 

When the active ketone was treated with semicarbazide hydro- 
thloride, in addition to the inactive «-semicarbazone of m. p. 
225—227°, an active $-semicarbazone melting at 193—194° was 
dbtained. As was to be expected in a substance possessing a system 
of conjugate linkings, the rotatory power was considerably higher 
than that of the ketone from which it was derived, the rotation at 
the same time having become negative. Attempts to prepare an 
optically active oxime were unsuccessful; the active ketone, on 


ine eatment with hydroxylamine hydrochloride in the manner found 


itable for the preparation of the inactive oxime, yielded an oil 
fom which a small quantity of the inactive oxime could be isolated, 
vhilst if dilute alkali was used in place of sodium acetate to neutralise 
the hydrochloric acid the inactive oxime was obtained in an ex- 
tllent yield. An optically active hydroxylamino-oxime acetate was, 
however, prepared (see p. 1652). 

Reference has already been made to the fact that Schimmel & Co. 
tid Roberts (Joc. cit.) obtained on oxidation a variety of products 

tich left no doubt as to the constitution of the ketones investigated 
ly them. When the ketone from A. iwarancusa oil was oxidised 
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in ice-cold alkaline solution with potassium permanganate, th 
main product of the reaction was l-y-acetyl-«-isopropylbutyri 
acid. This acid, which was obtained as an oil, was identified by 
conversion into its semicarbazone, which melted, as stated by 
Wallach (Annalen, 1910, 379, 188), at 150—152°. On oxidatiq 
of the oily acid with hypobromite solution in the usual manner, ; 
quantitative yield of dl-«-isopropylglutaric acid melting at 94—Sj 
was obtained, and this acid showed all the properties assigned to i 
by Perkin (T., 1896, 69, 1495). 

In the author’s opinion, the identity of the ketone obtained fron 
A. iwarancusa oil with piperitone cannot be doubted, and it must lk 
regarded as d-piperitone. Further, from a consideration of the 
products formed on oxidation, there can be no doubt that this 
ketone is d-A!-p-menthen-3-one. The formation of the hydroxyl. 
amino-oxime is in agreement with this view, since, so far as the 
author is aware, only substances possessing a double linking in the 
a-position to the carbonyl group give rise to such compounds 
Although it might appear at first sight that the formation of 
benzylidene derivative was a cogent argument against such 4 
constitution, yet Wallach (Annalen, 1913, 397, 216) observed that 
A‘-p-menthen-3-one gave a dibenzylidene derivative, to which he 
assigned formula I, and he suggested that the formation of this 
substance was due to activation of the carbon atom* by the 
adjacent double linking. A similar argument satisfactorily accounts 
for the formation of the benzylidene derivative of piperitone, which 
would then be represented by formula II. 
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EXPERIMENTAL. 


The oil used for investigation, which had been obtained in #fmately : 
1 per cent. yield from the grass, was pale yellow in colour ad int 
possessed a characteristic smell of peppermint. It had the follor sd 
ing constants : D3 0-9203, n#” 1:481, [«}” + 51-68°, acid value O04, 
saponification value 12-0, saponification value after acetylatia 
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47-4,* (vol.) percentage of ketone by absorption with neutral 
sodium sulphite solution 77. 

A quantity of the oil was distilled under diminished pressure 
(200 mm.), when the following fractions were obtained : (I) up to 
160° (20 per cent.), (IIT) 160—190° (73-2 per cent.), (III) above 190° 
(66 per cent.). These fractions were systematically refractionated 
at the same pressure and yielded ultimately the following fractions : 
(i) 115—130° (14-6 per cent.), (ii) 130—174° (1-6 per cent.), (iii) 
174—185° (70 per cent.), (iv) 185—205° (12 per cent.).f 

Fraction (i).—This fraction consisted essentially of a hydro- 
carbon (Found: C = 85:8; H= 10-5 per cent.) and had the 
following constants: D%. 0-8561, nj? 1-4736, [«]f + 59-95°. It 
was purified by repeated distillation over sodium and finally over 
sodium in a current of hydrogen. The hydrocarbon then distilled 
at 101°/100 mm. and at 163—164°/698 mm., and had D3}. 0-8565, 
n® 1-474, [a] + 54-82° (Found: C= 88-4; H=11-4. CyHy, 
requires C= 88-2; H=11-8 per cent.). The hydrocarbon 
possessed a pleasant smell reminiscent of cymene; when it was 
dissolved in acetic anhydride solution and treated with a drop of 
concentrated sulphuric acid, a transient purple coloration appeared, 
which rapidly passed into a deep brown. In chloroform solution it 
smreacted readily with bromine, but after the addition of 1 molecule 
of bromine the absorption became very slow and hydrogen bromide 
was evolved. On removing the chloroform in a vacuum, a viscid 
oil was obtained, which showed no signs of crystallising. Attempts 
to prepare a crystalline nitrosochloride, nitrosate, and nitrosite 
were also unsuccessful, only oils being obtained. When the hydro- 
carbon was treated with hydrogen chloride in ethereal solution, an 
il resulted, which was probably a monohydrochloride (Found : 

= 22-9. C, 9H,,Cl requires Cl = 20-6 per cent.) ; with hydrogen 


* As no trace of either esters or alcohols could be detected on chemical 
xamination of the oil, a sample of the pure ketone (from the sodium sulphite 
ompound) was treated in the usual manner for the determination of the 
aponification value and of the saponification value after acetylation, when 
he following results were obtained : saponification value 15°3, saponification 
ralue after acetylation 36-7. The action of alkali on the ketone has not 
heen investigated, but it is clear that the oil does not contain either esters or 
icohols, the apparent saponification value being due to the action of the alkali 
n the ketone, 

+ For purposes of comparison a quantity of the oil (100 grams) was shaken 
ith sodium sulphite solution until absorption was complete, when approxi- 
nately 78 per cent. of the oil was absorbed. The remaining oil was separated 
nd distilled under diminished pressure (200 mm.), when 14 grams of an oil 
ling below 130° were obtained. Only 3 grams of an oil boiling above 190° 
mained, and this still contained traces of the ketone. This method of 
pa ation was found to be extremely tedious, as absorption by the sodium 
phite solution was very slow. 
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bromide in acetic acid solution, a viscous oil was obtained, whid 


was evidently a dihydrobromide (Found: Br = 53-8. C, H,,Bymepe 
requires Br = 53-8 per cent.); the hydrogen iodide derivative wah 


very unstable, and decomposed even when kept at 0°. 

The terpene was readily attacked when treated with potassim 
permanganate at 0° in the presence of alkali. A small quantity, 
a neutral oxidation product was isolated as a viscous oil whi 


showed no tendency to crystallise. No crystalline acids could bpemicar 


obtained. Further experiments are in progress with a view 
determine the constitution of this terpene. 
Fraction (ii).—This fraction, which was too small in quantity f 


detailed examination, consisted apparently mainly of a mixture dient. 


d-piperitone and the hydrocarbon. 
Fraction (iii).—This fraction, which formed the main bulk of th 
oil, distilled very constantly at 178—181°/200 mm. and wa 


evidently homogeneous (Found: C = 78:2; H= 10-2. C,H,@ 


requires C = 78-9; H = 10-3 per cent.). The following constant 
were observed: D- 0-9321, ni? 1-481, [a]? + 36-76°. It w 
almost completely absorbed by a neutral sodium sulphite solution 
only about 2 per cent. remaining undissolved. A quantity of th 
ketone was therefore purified by solution in sodium sulphite solutia 
and reprecipitation by alkali, when it was found to boil at 180 

181°/200 mm. and at 230—231°/697 mm. (Found: C= 7 
H = 10-4 per cent.), and to have D3} 0-9307, n3" 1-481, [a]i! + 7-0 
Attention has already been directed to the racemisation of d-pipe 
tone by alkali. d-Piperitone is a colourless, mobile oil with 
pronounced odour of peppermint ; on standing, it gradually become 
brownish-yellow in colour. 

Fraction (iv).—This fraction still contained a considerab 
quantity of d-piperitone. When this was removed by treatmet 
with semicarbazide hydrochloride, the oil remaining was found t 
be too small in quantity for examination. 


d-Piperitonesemicarbazone. 


For the preparation of the semicarbazone the ketone was mite 
with a slight excess of an aqueous solution of semicarbazide hydn 
chloride, and after the addition of sodium acetate alcohol was adde 
until a clear solution was just obtained. After standing over-nigh 
a copious precipitate of the nearly pure d/-«-semicarbazone lm 
crystallised. This was collected (yield 75 per cent.), and allé 
being crystallised twice from acetic acid, in which it was not vé 
readily soluble, was obtained in small, glistening plates whit 
melted at 225—227° (Found: N = 20-4. ©,,H,ON, requ 
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- whiff = 20-1 per cent.). The melting point was found to be somewhat 
H , .Brglependent upon the rate of heating, since when introduced into a 
ve wagpath previously heated at 215° the compound decomposed at 230°. 
he a-semicarbazone was found to be very sparingly soluble in all 
‘assiugghe ordinary organic solvents and to be optically inactive. 
itity qj The alcoholic solution from which the «-semicarbazone had 
whicmeparated was diluted with water, when a further quantity of 
yuld emicarbazone was precipitated. This was purified by repeated 
‘iew t@prystallisation from alcohol, from which it was ultimately obtained 
n glistening needles which melted at 193—194°, sintering slightly 
t 188° (Found: N = 20-3. C,,H,,ON,; requires N = 20:1 per 
pent). 
d-Piperitone-B-semicarbazone appeared to be somewhat more 
jluble in alcohol than the racemic §-semicarbazone. When 
xposed to the air in bright sunlight, it rapidly became yellow, but 
hen kept in the dark the colour developed much more slowly. 
nstani@gvhen dissolved in alcohol, the yellow semicarbazone yielded a 
It wapolourless solution. The d-8-semicarbazone was highly active; in 
)lution{pyridine solution [«]i/ — 216-8° was observed. 
of th 
olutiog 
, 180 
= 791 The semicarbazones of the racemic ketone were prepared in the 
- 7-9Mmanner described above. The dl-«-semicarbazone, after crystallisa- 
-piperagtion from acetic acid, melted at 225—227° (Found: N = 20-2 per 
with @ent.). The dl-8-semicarbazone separated from alcohol in stellate 


tity fo 
ture ¢ 


; of th 


id wa 
10H 


dl-Piperitonesemicarbazones. 


ecomm@mmasses of needles melting at 174—176° and was optically inactive 
Found: N = 20-0 per cent.). 

Jerab 

atmel a . _— . 

onl d-Piperitoneoxime and d-Piperitonehydroxylamino- 


oxime Acetate. 


For the preparation of the oxime the method advocated by 
apworth and Steele (T., 1911, 99, 1884) was adopted. The 
tive ketone (5 grams) was dissqlved in alcohol (20 c.c.) and after 
te addition of hydroxylamine hydrochloride (2-3 grams) and sodium 
cetate (4 grams) the mixture was heated on the water-bath for 
ive hours. On distillation in steam, almost the whole of the 
product passed over, only a small quantity of resinous material 
maining in the distillation flask. The steam distillate consisted 
dm an oil which, on long standing at 0°, partly solidified. The 
lid was separated with the aid of the pump, drained on porous 
porcelain, and recrystallised from dilute methyl alcohol, when it 
48 obtained in lustrous prisms melting at 117—118° (Found: 
VOL. CXIX. 3L 
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N= 8-7. C,)H,,ON requires N = 8-4 per cent.). The oxime was 
optically inactive. The oil from which the solid oxime had bee 
separated was taken up with ether, the ether dried and evaporated, 
and the residual oil distilled under diminished pressure (100 mm.) 
when it distilled almost completely at about 190—195°, yielding a 
viscid oil which deposited a further trace of the solid oxime m 
standing. The oil was not further investigated, but consisted 
possibly of the active oxime. When the calculated quantity of 
sodium hydroxide was used in place of sodium acetate in the prepam. 
tion of the oxime, similar results were obtained, the yield of solid 
oxime being slightly higher. If excess of sodium hydroxide was 
used, only the solid oxime was obtained, the oily oxime being 
completely absent. 

When d-piperitone was treated with a considerable excess of 
hydroxylamine hydrochloride under conditions similar to those 
described above, a substance was obtained which was not readily 
volatile in steam. This was purified by crystallisation from a 
mixture of methyl alcohol and benzene, when it was obtained in 
long, thin prisms which decomposed at 156—157° (Found : C = 553; 
H=92; N=11'2. C,,H,,0O,N, requires C = 55-4; H=92; 
N = 10-8 per cent.). This substance was evidently the acetal 
of d-piperitonehydroxylamino-oxime. It was distinctly active and 
gave in methyl-alcoholic solution [«]i — 20-42°. Attempts to 
isolate the d-piperitonehydroxylamino-oxime in a crystalline form 
were unsuccessful, 


dl-Piperitoneoxime and dl-Dibromopiperitoneoxime. 


When dl-piperitone was treated with hydroxylamine hydro- 
chloride in the manner described above, the product in the steam 
distillate crystallised completely, no trace of an oil being observed. 
It was purified by crystallisation from dilute methyl alcohol, when 
it was obtained in lustrous prisms melting at 117—118° (Found: 
N = 8:7 per cent.). 

When the oxime was dissolved in chloroform and treated with the™ 
calculated quantity of bromine, dl-dibromopiperitoneoxime Wasy 
readily obtained. It crystallised from alcohol in prisms, or from 4 
dilute solution in cubes, which decomposed at 141° (Found: 
Br = 48°6. Cj, 9H,,ONBr, requires Br = 48-9 per cent.). 


dl-Piperitonehydroxylamino-oxime. 


On treatment with excess of hydroxylamine hydrochloride in the 
manner described by Read and Smith (loc. cit., p. 783) dl-piperitone- 
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iydroxylamino-oxime was obtained. After crystallisation from a 
mixture of alcohol and ether, it melted at 170—171° and gave all 
the colour reactions mentioned by these authors (Found : C = 59-6; 
H=10:1. Cale.,C = 59-9; H = 10-1 per cent.). 


Benzylidene-dl-piperitone. 


This substance was prepared in the manner described by Read 
md Smith (loc. cit., p. 785). It melted at 61° and had all the 
properties recorded by these authors (Found: C = 84-4; H = 8-4. 
(ule, C = 84-9; H = 8-4 per cent.). Although prepared from the 
optically active ketone, it was found to be inactive. 


Oxidation of d-Piperitone. 


]. With Ferric Chloride—When d-piperitone was heated on the 
yater-bath with excess of ferric chloride in acetic acid solution, 
thymol was obtained in a yield of about 25 per cent. The thymol 
dbtained melted at 50—51° and was identified by the method of 
nixed melting point and by the usual tests. 

Il. With Potassium Permanganate.—In one experiment d-piperi- 
tone (50 grams) was mixed with dilute sodium hydroxide solution 
ud treated with a 5 per cent. solution of potassium permanganate 
i (° until no further action took place. The solution was filtered, 
oneentrated, and acidified, when a viscous oil separated. This 
vs taken up with ether, the ether dried and evaporated, and the 
wsidual oil esterified in the usual manner. The ethyl ester thus 
obtained distilled mainly at 170—180°/53 mm. and consisted 
‘Byprently of nearly pure ethyl 1-y-acetyl-a«-isopropylbutyrate, 
nee on analysis it gave figures agreeing approximately with this 
‘Bfomula (Found: C = 646; H=9-4. Calc., C = 67-3; H = 9-5 
ereent.). The ester was found to be slightly active, [«]#” — 5-58°. 
"Bite above view of the constitution was confirmed by the preparation 
it the semicarbazone, which separated from dilute alcohol in woolly 
edles melting at 115° (Found: N = 16-1. C,,H,,0,N; requires 
‘= 16-3 per cent.). The crude ester was hydrolysed with alcoholic 
.j@assium hydroxide solution and the resulting acid distilled under 
‘Biuinished pressure (48 mm.), when the main portion distilled at 
200° and consisted of apparently pure l-y-acetyl-«-isopropyl- 
uutyrie acid (Found: in the silver salt, Ag = 38-8. Calc., 
$= 38-7 per cent.). The semicarbazone, prepared in the usual 
lunher, separated as an oil which rapidly solidified. It was purified 
) tepeated crystallisation from hot water containing a little 

‘shol, when it was obtained in balls of needles melting at 150— 

3L2 
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152°, the melting point depending somewhat on the rate of heating 
(Found: N= 18-5. Calc., N = 18-3 per cent.). When the com. 
pound was treated with sodium hypobromite solution at 0°, a 
quantitative yield of «-isopropylglutaric acid was obtained. This 
acid, after crystallisation from hydrochloric acid, melted at 94—95° 
(Found: C= 554; H=7-8. Cale, C= 55:2; H=80 per 
cent.). The acid was found to be optically inactive. The identity 
of the acid was confirmed by the preparation of the anhydride, 
which crystallised in needles resembling glass-wool, melted at 
53—54°, and gave an anil melting at 158° (compare Perkin, loc. cit.). 


In conclusion, the author wishes to thank his assistants, Mr. 
Gopal Rau and Mr. Ghose, for making the analyses. 


Tue Forrest REesEarcu INSTITUTE, 
DeHnra Dun. [Received, August 23rd, 1921.] 


CLXXXVIII.—The Calculation of the Colour of 
“ Cyclic”? Coloured Substances. 


By James Mor. 


For the purpose of this paper, a “ cyclic’ coloured substance is 
to be considered as one which possesses a sharp absorption band 
caused in some manner by an “ active” ring existing in the sub- 
stance. A ring is “ active ” if it bears, in any position, an ionisable 
group of the auxochrome type, namely, OH, NH,, NHMe, etc. 

The position of the absorption band may vary between 2 100 
and 4 1600 micromillimetres. Some “ cyclic ” coloured substances, 
therefore, may appear to be colourless to the eye, which only de- 
tects colours the bands of which lie above 350 and below 1770. 

If only one of the’ rings present in a compound is “ active,” it 
is classed as a ‘“‘ monocyclic” coloured substance. In a certain 
sense, phenol in the presence of alkali and aniline in the presence 
of acid comply with this definition, but as a rule the absorption 
band is not fully developed (visible in very great dilution) unless 
another atom of some kind is attached to the active ring, as, for 
example, in saligenin and benzoquinone. 

Coloured substances with more than one “ active ” ring are all 
classed as “‘dicyclic.”* The simplest type of the linking of two 
active rings occurs in benzhydrols and indamines. In the more 


* See page 1663. 


A 290 
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complex types, there are two linking atoms uniting the active 
rings, as in the oxazines, fluoresceins, acridines, etc. 

Some examples will serve to make these definitions clear. Thus 
hydroxybenzhydrol, C,H,-CH(OH)-C,H,°OH, is monocyclic because 
the simple phenyl ring is not active, whereas dihydroxybenz- 
hydrol, HO-C,H,-CH(OH)-C,H,°OH, and dihydroxyxanthhydrol, 


Ho "ou 
VAN AA 


H OH 


are “ dicyclic,” the active rings of the former being singly linked, 
by —CH(OH)-—, and of the latter doubly linked, by —CH(OH)— 
and —O—. 

The author has discovered that the position of the absorption 
band can be calculated from the constitutional formula of the 
substance in all these cases. The calculation consists merely in 
multiplying a fundamental wave-length (which is that of the 
absorption band of the parent-substance) by a number of factors, 
each of which is constant and characteristic of the group or radicle 
to which it belongs. This may be expressed by the equation : 

Ae = bk, .... bade, 
in which 4) is the wave-length of the absorption band of the parent- 
substance, 2, that of the substance to be calculated, &, the colour- 
factor (say) for phenyl if the substance is a phenyl derivative of 
the parent-substance, k, the colour-factor for another group or 
atom (for example, bromine or carboxyl) present in the substance, 
and so on. 

For the monocyclic series, the parent-substance may be taken 
to be p-hydroxybenzyl alcohol, of which the anhydride is quino- 
methane (methylene-p-benzoquinone). This is assumed to have 
4) = 290. I have not observed it, but the phenoxide ion has 
4286 and the p-tolyloxide ion 4 287 * in aqueous solution. 

The colour of hydroxydiphenylphthalide, as an example of a 
monocyclic coloured substance, may be calculated. When the 
formula is written in its hydroxylated form to avoid quinonoid 
linkings, 


* Baly and Ewbank (T., 1905, 87, diagrams on pp. 1350 and 1352) find 
4290 and 291 in alcohol. The difference is due to the sodium not being ionised. 
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I therefore supplement the above conception of the dicyclic 
orbit with the supposition that a second linking draws the two 
rings closer together and so contracts the orbit in constant pro. 
portion for a given linking, making it more circular and therefore 
leading to a smaller absorption wave-length. 

In general, it may be noted that this orbit theory bears a con. 
siderable resemblance to the theories of Hewitt and of Watson 
and Meek of the three and five tautomerisms, for most of their 
three-tautomerism substances are “‘ monocyclic,” and my “ di- 
cyclic ” substances can be written so as to exhibit five tautomerisms 
more frequently than any other number. 


Method of Calculating the Colour of Dicyclic Substances. 


This follows immediately from the above theory. Two phenol 
rings taken together form the “ parent-substance ” and the con- 
stant fundamental absorption wave-length 41380 is assigned to 
this combination. This figure is multiplied by the linking-factors 
of the group or groups joining the rings. 

The product is the absorption wave-length of the prototype of 
the coloured substance under consideration, that is, dihydroxy- 
benzhydrol if the linking group is CH-OH, indophenol if the 
linking group is NOH, resorufin if there are the two linking groups, 
NOH and O, and so on. 

This prototype wave-length is then multiplied by the “ colour. 
factors ’’ corresponding with all the side-groups or inactive rings 
in the molecule, and the product is the absorption wave-length of 
the coloured substance. 

Thus, to calculate the colour of fluorescein, 4 1380 is multiplied 
first by 0°39 (“ hydroxymethylene-linking factor”). The product 
1539 is the absorption wave-length of pp’-dihydroxybenzhydrol. 
This is then multiplied by 0°891 (“ oxo-linking factor”); the 
product 1480 is the absorption wave-length of 3 : 6-dihydroxy- 
xanthhydrol, which is the prototype of fluorescein. Fluorescein is 
the ortho-benzoic acid derivative of 3 : 6-dihydroxyxanthhydrol, 
and the calculation is completed by multiplying 1480 by the 
benzoic acid colour-factor,* which, as it represents a “load” 
outside the orbit, is greater than unity, namely, 1°029. Hence 


* The benzoic acid factor 1-029 may itself be resolved into a phenyl factor 
(1°026) and an ortho-carboxyl factor (1:003). Using the former with a 480 
of dihydroxyxanthhydrol, we get the colour of phenyldihydroxyxanthhydrol 
(resorcinolbenzein) = A 493 as another intermediate stage on the way t0 
fluorescein. 
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fluorescein has A, = 480 x 1:029 = 494°5. Representing the whole 
calculation by one equation, we have A; = 1380 x 0°39 x 0°891 x 
1:029 = 4945. This agrees with the observed value (A 493°5 to 
494). 


ore 


Two phenol rings. Dihydroxybenzhydrol. 
A 1380. Obs. A 539 (calc. A 538). 


O 

O HO \Z\74\oH 

Ho/ Sox ( , % , 
he ie {OH 


Hf OH Cine 


Dihydroxyxanthhydrol. Fluorescein. 
Obs. A 479 (calc. A 480). A 494. 


The factors may be combined in any order; thus, to calculate 
the colour of fluorescein, that of phenolphthalein may first be 
calculated (A 1380 x 0°39 x 1:029 = 1555) and its wave-length 
finally multiplied by the oxo-linking factor 0°891. 

For the purpose of these calculations it is necessary to write 
all constitutional formule in their most hydroxylated form, elimin- 
ating quinonoid bonds, para-linkings, and lactone rings. Thus, 
( NH—\/\ 


/~N(OH) ) 


It is a deduction from such a theory 


for example, phenazine is written \ | and resorufin 


n0’\o— 
\ re ag 


that the colour of dicyclic substances comes down from the infra- 
red with increasing complexity of linking, not up from the ultra- 
violet, as is usually supposed. On the other hand, increasing 
complexity outside the linkings puts the colour up again, as is well 
known. 

Returning to the monocyclic coloured substances, I now append 
a table, giving the value of the colour-factors. 
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Name of factor. 


. Phenyl 

. ortho-Carboxyl 
. Phthalein 

. Amino- 


. N-methyl 


F. Methylamino- 
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Monocyclic Colour-factors. 


Property of factor. 


CH,"OH —> PhCH’OH —> Ph,C‘OH 

Phenyl compound —> phthalein 

‘C,H,’CO,H introduced into a carbinol 

Calculation of aniline derivatives from 

henol derivatives 

Calculation of methylamino- and di- 
methylamino-compounds from amino- 
compounds 

Calculation of methylamino-compounds 


Numerical value. 


1135 
1-055 
1:200t 


1140 


1:035 


from + dagary compounds 1-180t 
Calculation of dimethylamino- from hydr- 

oxyl compounds 1°222+ 
+ This is factor A x factor B. Third places of decimals are estimates. 
t These are D x E and D x E*. 


. Dimethylamino- 


The next table gives the results of applying these factors. 


The Calculated Colours of Monocyclic Substances. 


Colour. 
Calc. Obs. 


A874 A 880(alc.) 
A426 426 


A 457 


Relation to 
p-hydroxybenzy! alcohol. 


Two phenyl groups 


‘OH 


Tee yey! groups, 
also NMe, vice OH 


Detailed calculation. 
A 290 x (1+135)* 
A 290 x (1-135) x 1-140 


A 290 x (1-135)? x 1-222 


Name. § 


o BUCKSONE .....c.cccccece 
. Fuchsone-imonium 


salts 

. Fuchsonedimethyl- 
imonium salts 

. Hydroxyphenyl- 


J ony Ri ce: 
A 455 


A 348 
A 394 


Factor C 
Factors A and 0 


A 290 x 1-20 
A 290 x 1-135 x 1-20 


A 350 


eeenwesnccee A 395 
. Dimethylaminodi- 
phenylphthalide ... Factors A,C,andG aA 290x1-135x1-222x1-20 A 483 A 480 
. eee 
hydrol .. Factors A and G A 290 x 1-185 x 1-222 A 401 A 400 


NOoTE.—All the austen recorded in this table (except the first) were made with aqueous 
solutions in order to get complete ionisation, 


§ The formule of these compounds are given at the end of the paper. 


These constitute about half the possible derivatives of p-hydr- 
oxybenzyl alcohol; the remaining six have bands in the ultra- 
violet only, and means for their examination are not at my disposal. 
I venture, however, to predict their absorption bands, namely, 


A 330 
A 354 
A 329 
A 307 
A 375 
aA 350 


p-Aminobenzy] alcohol (weak ae acid) 
p-Dimethylaminobenzy] alcohol (_,, ) 
p-Hydroxybenzhydrol (weak eqqusous alkali) 
4-Hydroxyphthalide 

p-Aminobenzhydrol (weak aqueous acid) 
4-Aminophthalide . a ~~ 


The rough prediction can also be made that the corresponding 
ortho-derivatives, for example, saligenin and o-hydroxybenzhydrol, 
will have bands at about 30 units higher than the para-derivatives. 

Two future extensions of the theory in respect to monocyclic 
coloured substances can be pointed out: (1) the active ring may 
be derived from thiophen, furan, pyrrole, naphthalene, etc., as 


F Sm go pO 
242 za na 2 


i 
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well as from benzene, (2) the secondary group need not be -CH,:OH, 
but by analogy may be -NH-OH (giving the quinoneimine family ; 
hydroxylated form), or —-O-OH (giving the quinone family), or -S-OH 
(giving an unknown group [thioquinone]). It is to be noted that 
all “ monocyclic ’’ colours are yellow or orange (A less than 500). 


Part II. Details of the Calculation of the Colour of Dicyclic 
Compounds. 


For this calculation two tables are required, one giving the 
linking-factors which contract the orbit, and the other the group 
colour-factors which expand the orbit. 


Table of Linking-factors. 


Name. Numerical value. 
. Methylene 0°650* 
Metheny] 0°645 (for triphenylcearbinol colours) 
Imino- 0°780* 
Oxo- 0-891 
Thio- 0-920* 
Hydroxymethylene 0°390 
Keto- CO 0-235 
Hydroxymethenyl 0°387 (for triphenylearbinol colours) 
Oximino- 0°470* 
. Sulphoxide 0°55 (inferred, not experimental) ] 


A 
B. 
C. 
D. 
E. 
F. 
G. 
H. 
L 

J 


* The third place of decimals is as yet provisional in these cases. 


I have worked out about thirty group-colour-factors, of which 
the most important are given below.y 


Table of Dicyclic Group-colour-factors. 


1. NH,/OH = 1-007 (used to calculate aniline colours from phenol colours) 
2 NHMe/OH =1°035(_,, = methylaniline ,,_,, és ) 
3. NMe,/OH =1:059(_,, = dimethylaniline ,, Pa me ) 
4. NEt,/OH =1:061(_,, diethylaniline _,, ve ee ) 
5. NHPh/OH =1:060( _,, = diphenylamine ,, ‘a - ) 
6. NHPh/NH, =1-°052 (substitution of Ph for H in an “active’’ amino- 


" group) 
S NPL NE \ = 1-026 (substitution of Ph for H in any linking group) 


8. C,H,°CO,H/H =1-029 (used to calculate phthalein and rhodamine colours 
from those of hydrols) 

9. C;5H,"SO,H/H =1-045 (used to calculate sulphonephthalein colours from 

those of hydrols) 

10. ( ortho-CH, ‘ 


ll. - i 
2 oe | =1-013 | used for substituents ortho to the active group | 


3. | ortho-Br 
It, meta-Groups = 1-026 ( ” ” mea ,, ” ” ) 


t Most of the remainder are to be found in A., 1921, 120, ii, 6, where 
'N-ethyl 1-023” should read ‘“‘ NEt, 1°023.” Note should also be taken 
lat the figures in the abstract refer to substitution of a group for hydrogen, 
thereas in this paper substitution for hydroxy] is the basis of calculation. 


3L* 2 
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It is to be most carefully noted that these factors only apply 
to the dicyclic group. The monocyclic factors (page 1660) are 
much larger than these. 


Calculation of the Colour of Familiar Dicyclic Substances.* 
A.—The simplest dicyclic substances are those with only one 


linkin oup. 
initia Obs. (in 


1, pp’-Dihydroxybenzhydrol water). 
contains the linking F...... Az=1380 x 0°39 =538 Aa 539 

2. Michler’s carbinol is the 

foregoing with NMe, for 
J fo Az= 1380 x 0°39 x (1°059)? =603 A 603 

. Michler’s ketone is the fore- 
going with linking G for F Az= 1380 x 0°235 x (1059)? =363 A 364 

- Indophenol contains the 
__ } eae Az = 1380 x 0°47 =649 A 650 


. Bindschedler’s green con- 


tains the linking I and two 
NMe, groups .............0+0+: Az= 1380 x 0°47 x (1°059)? =728 A 730 


6. Indamine contains the link- 
ing I and two NH, groups Az=1380 x 0°47 x (1007)? =658 a 660 

Nearly all the other possible, singly-linked, dicyclic substances 
will be found on calculation to have colours in the infra-red, for 
example, dihydroxydiphenylmethane 2897, quinol hemi-ether 
4 1225, and dihydroxydiphenylamine 2 1075. 

A few others, like pp’-dihydroxybenzophenone (calculated 4 324), 
are coloured in the ultra-violet. I hope that some one will measure 
the absorption bands of these substances so that it may be ascer- 
tained whether the theory still holds in these extreme cases. 

B.—The next simplest are prototype, doubly-linked substances, 
that is, those constituted of only two linking groups and the active 
rings. 


-~ 


cr 


Obs. (in 
7. Dihydroxyxanthhydrol has water). 
linkings D and F ............... Az=1380 x 0°39 x 0°891=479 A479 
8. Dihydroxyacridine has linkings 
J | ee Az=1380x0°39x0°78 =420 A421 
9. Dihydroxyphenazine has link- 
SE TS GEE B ceccavececscecessece Az=1380x 0°78 x 0°47 =506 A510 
10. 2: 7-Dihydroxyanthracene has 
linkings A and F ............+.. Az=1380 x 0°65 x 0°39 =350 vt 
1l. Resorufin has linkings D and I Az=1380 x 0°89x0°47 =577 =A 576 
12. Thionol has linkings E and I... Az=1380 0°92 x 0°47 =596 A 593 
13. Pyronine is No. 7 with 2NMe, 
BER EE ecccscvesenccsnesssessesece Az=479 x (1°059)? =537 a 537 
14. Methylene-blue is No. 12 with A 667+ 
2NMe, for 20H ...............++- Az = 596 x (1°059)? =668 606 
15. Ethylene-blue is No. 12 with . 
ZNEt, for 20H .............sce0 Az=596 x (1°061)? =672 a 673 


* The formule of these compounds are given at the end of the paper. 
t See “Rufol” (Beilstein, ‘Organische Chemie,”’ II, 999), which has the 
required colour. 


rhe 


pply 
are 
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C.—The next simplest are triphenylearbinol and phenazine dyes 
in which one ring is inactive, namely, the benzeins, phthaleins, 
rhodamines, ‘‘ sulphonephthaleins,” safranines, benzoflavines, etc. 


Obs. (in 
16. Benzaurin is the water). 
phenyl deriv- 
ative of No. 1... Az=538 x 1-026 = 553 A 553 


17. Phenolphthalein is 

the C,H,°CO,H 

derivative of No.1 A,=538 x 1°029 =555 A 554 
18. Tetrabromobenz- 

aurin has 4Br all 

ortho to OH....... Az=553 x (1°013)! =583 A 583 
19. Malachite-green is 

the phenyl] deriv- 

ative of No. 2... Az=603 x 1°026 =619 a 619 
20. Brilliant-green is 

the tetraethyl de- 

FIVORIVE. ....000.008 Az= 619 (1-059)? x (1°061)? = 623 A 622 
21. Rhodamine is the 

C,H,°CO,H de- 

rivative of No. 13 A, = 537 x 1:029 =552 A 553 
22. Doebner’s violet is 

No. 16 with 2NH, 


Bee TUE ecnsaes A, = 553 x (1:007)? =561 A 562 
23. Safranineis phenyl- 
diaminophenazine A 525+ 
(see No. 9) ...... Az= 506 x (1-007)? x 1026 = §27 A 505 
24. Benzoflavine is 
phenyldiamino- 
acridine (see No. 
_, Reeeen A,=420 x (1°007)? x 1-026 = 437 A 450* 


25. Eosine is No. 17 
with the oxo- 
linking and 4Br A,=555 x 0°891 x (1°013)! =521 a 521 
26. Thymolsulphone- 
phthalein is No. 1 
with C,H,’SO,H, 
2CH, (meta) and 
2C;H, (ortho) ... A, = 538 x 1045 x (1-026)? x (1-013)? = 607 A 604 


* Commercial specimen, possibly containing methyl groups. 


It is to be noted that the factors can be multiplied and divided 
mutually, giving new factors for special purposes. Thus a special 
safranine factor is obtained by multiplying the NH, the NOH, 
and the Ph factors together and dividing by the PhC(OH) factor 
(1026 x 0°39). This gives 0°94, by means of which the colour of 
any safranine can be calculated from that of the corresponding 
benzaurin. 

In this way, for example, the indulines and nigrosines can be 
correlated with the phenyl dye analogous to malachite-green. 

D.—The remaining class has three rings, all of which are active, 
but owing to the attraction of the central carbinol hydroxyl group 
an orbit round the whole molecule is unstable, so that instead of 
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such an orbit, a looped or trefoil orbit is performed by the moving 
particle, and only two rings at a time act. 


Where Y = C(OH). 


This assumption is necessary to explain why the three sym. 
metrical substances aurin, pararosaniline, and crystal-violet have 
colours which are very close to those of dihydroxybenzhydrol, 
diaminobenzhydrol, and Michler’s carbinol. 


The factor H (“‘ hydroxymethenyl ’’) of value 0°387 is used here: 


Obs. (in 
water). 
27. Aurin: Two phenol rings... A,= 1380 x 0°387 =534 A 534 
28. Pararosaniline : T'wo aniline 
SEIS kicacvcssniecocnenncisccine A,= 1380 x (1:007)* x 0°387=542 =a 548 
29. Crystal-violet: Two di- 
methylaniline rings ......... Az=1380 x (1°059)? x 0°387=598 A 596 
30. Aniline-blue : T'wo diphenyl- 
AMINE TINGS ........-0-.-eeees Az,= 1380 x (1-060)? x 0°387=600 A 601 


Since the hydroxymethylene factor F is 0°390, the relation to 
the benzhydrol colours is thus brought out, the orbits being almost 
identical. 

This new theory with respect to substances with three active 
rings requires that such a substance as “ p-hydroxy-malachite- 
green ”’ (formula above) shall exhibit two colours simultaneously. 
This is in accordance with fact. This substance is purple, with 
2578, when faintly alkaline, and blue, with 2608, when faintly 
acid, and shows both bands when neutral; the lower band is close 
to the position of the band of hydroxydimethylaminobenzhydrol, 
and the upper band is close to the position of the band of bisdimethyl- 
aminobenzhydrol (4 571 and 603 respectively). Therefore, when 
the substance is neutral, it has the trefoil orbit and shows both 
bands; when it is acid, the -C,H,-OH group is suppressed and 
the substance has the same orbit as Michler’s carbinol; when it 


ving 
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is alkaline, one -C,H,-NMe, group is suppressed and the substance 
behaves almost as if it were hydroxydimethylaminobenzhydrol. 

In the same way, the green colour (A 632) of acid crystal-violet 
is explained: one of the groups is no longer active, but becomes 
—C,H,-NHMe,Cl, the orbit becomes much the same as that of 
malachite-green, and the colour is that of a “ loaded ” malachite- 
green. Finally, if much acid is present, two of the groups become 
—C,H,-NHMe,Cl and the substance then contains only one active 
ring and is monocyclic and yellow (observed 1420). Similarly, 
acid malachite-green is yellow and is monocyclic (observed 1 438). 

Other substances, such as oxyhemoglobin and carmin, which 
exhibit double-banded colours will probably be shown to be capable 
of similar alternative orbits. 

Some notes on the extension of the theory are now appended. 

1. As a rule, the position of the absorption band is very slightly 
affected if the active groups are not in the para-position with 
respect to the linking group. Taking 1 1380 as the value of two 
p-hydroxypheny] rings, the value for two m-hydroxyphenyl rings 
lies between 41385 and 21390, and the value for one para- with 
one ortho-ring is about 11395. An example of the former is quinol- 
phthalein, which is isomeric with fluorescein but has the hydroxyl 
groups in the meta-position with respect to the linking hydroxy- 
methenyl group and has 1499 (with a faint blue fluorescence) in 
sodium hydroxide solution and rather lower in ammonia.* An ex- 
ample of the ortho-para-grouping is phenol-p-cresolphthalein, which 
has 1572, whilst phenol-o-cresolphthalein (which is a pp’-compound) 
has 2 562. 

2. The calculation of the colour of naphthol and naphthylamine 
dyes gives irregular results, but I am of opinion that this is the 
fault, not of the theory, but of the constitutions assigned to the 
defaulting substances, one of which, for example, has recently 
been shown to be an oo’- instead of a pp’-compound.f The 
naphthol/phenol factor is in any case very high, varying between 
1:08 and 1°14. 

3. The factors of linking groups containing oxygen, such as 
CH:-OH, NOH, are related to those of the corresponding non- 
oxygenated groups by the fraction 3. This probably represents 
an undiscovered law of nature in connexion with electron move- 
ments. The number of fundamental factors can thus be reduced 
to four, namely, those corresponding with CH,, NH, O, and §, 
and the formula of any coloured compound is therefore most simply 
written, for the purpose of this paper, as that of its leuco-compound 


* Fluorescein has A 494. 
+ a-Naphtholphthalein (Ber., 1920, 53, [B], 1445). 
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with the addition of an unbound — atom, the value of the 


mO< \/ } sai 
/ NG \ 


( ae 


latter being counted as } in the calculation; for example, rhod- 
amine: two dimethylaniline rings = 41380 x (1°059)? = 2 1547: 
the -O- and -CH,: linkings lead to multiplying by 0°891 and by 
0°65, giving 4896. This is then multiplied by the benzoic factor 
and by 3, giving 1896 x 1:029 x 0°6 = 2552 (see No. 21). 

It does not necessarily follow, however, that the leuco-compounds 
themselves possess sharp absorption bands. 


Possible New Classes of Coloured Substances. 


(1) Dihydroxydihydroanthracene gives 2583 by the theory, 
but as it is a leuco-compound it may not be capable of exhibiting 
this colour. 


(2) Quinol-ether oxide, OX S:0 “f ~ S10 should have 2735 


pol noe -_, 
and may possibly exist as a (green) salt, OK _p0CkK__ Pou 


The existence of similar compounds with S and S°0 as the linking 
groups is possible, and also of isomerides with m-hydroxyl groups 
(resorcinol—ether oxide, etc.). 

Om 


(3) The compound 26: 
‘SCl’ 
colour (A 702) lying within ‘“- wax spectrum. 


(4) 2:7- (instead of 3:6-)Isomerides of the oxazine, acridine, 
and thiazine dyes appear to be unknown, but it is to be expected 
that they would be valuable dyes with slightly higher colours than 
the 3 : 6-isomerides and would exhibit scarcely any fluorescence. 

The Two Exceptions.—(a) 3 : 6-Dihydroxyxanthone is described 
as having 1381 (E. R. Watson, “Colour and Chemical Consti- 
tution,” p. 88), whereas the theory gives 1288. It is possible 
that the colour was observed in the absence of alkali, in which 
case the result would be abnormal, as in the case of phenol, the 
spectrum of which is different from that of the phenoxide ion. 


also gives a calculated 


* Compare quinhydrone as ox _>:000—)K DOH. 
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(6) 2: 7-Dihydroxyanthraquinone has a high colour, whereas the 
theory predicts a value of 4 smaller than 100. Probably, when two 
carbonyl groups are present, they co-operate in producing a special 
vibration quite different from that produced by one carbonyl group. 


Hydroxylated Formule of the Substances dealt with in the Paper 
(excepting those given in the text). 


HO-CPh,< OH OH-CPh,< NH, OH-CPh,< _NHMe,” 
Fuchsone. Fuchsoneimonium Fuchsonedimethyl- 
ion. imonium ion. 
CO,H CO,H 
of ScHIOHX 5S NMe< CPhIOR) >» 
gress: all 
p-Hydroxypheny]phthalide. p-Dimethylaminodiphenylphthalide. 
~~ . 
MeNC Scupn-oH HOC )CHOH Ho.cH(c,H,-NMe,), 
CO,H Michler’s carbinol. 
p-Dimethylaminobenzhydrol. 4-Hydroxyphthalide. Bisdimethylamino- 
benzhydrol. 
CO(C,H,NMe,),  HO-N(C,H,OH), HO-N(C,H,NH,). 
Michler’s ketone. Indophenol. Indamine, 


HO-N(C,H,NMe,).  O(C,H,-OH), as .CH(OH) => i. 


Bindschedler’s green. Quinol hemi-ether. Dihydroxyacridine. 
Hof \N8—\“Non sf (CHS /\ on 
/ ~N(OH)“\ 7 / ~CH(OH)“\/ 
Dihydroxyphenazine. Dihydroxyanthracene. 
Hof \’° Now Hof \S_\/ Nox 
/ N(OH)\/ \7>N(OH)’ 
Resorufin. Thionol. 
NMe,/ \/O——\“NnMe, NMe, YY” \NMe, 
oF, \CH(OH) © Os SN(OH)’\ 7 
Pyronine. Methylene-blue. 
HO ) ( oH 
~— ee \ \¢(OH) ww, 


| 
\/ SCPh(OH)\/ 


Benzaurin. 


us 


Phenolphthalein. 


1668 CALCULATION OF COLOUR OF “ CYCLIC ’ COLOURED SUBSTANCES, 


Br re 
HOY \. OH 
SO cpuom 


HO-CPh(C,H,NMe,), ( 
Tetrabromobenzaurin. Malachite-green. 
OH-CPh(C,H,-NEt,), OH-CPh(C,H,-NH,), 
Brilliant-green. Débner’s violet. F 
Br Br a 
ae HO’ Y ae OH . 
‘ — B e) 
NH, O™ Br / ony \/™* f 
/~N(OHY\/ / ‘co, ri 
| \ i 
Safranine. 4 ti 
(or with NPh and NOH reversed.) Eosine ‘ 
HO/ \Me Me NOH | ™ 


CH Agony \ /ok 


/ \so.H s¢ 
O* 


oy, \CH(OH) Vy, 


Benzoflavine. Thymolsulphonephthalein. rs 
OH-C(C,H,OH),; OH-C(C,H,NH,),  OH-C(C,H,-NMe,), al 
Aurin. Pararosaniline. Crystal-violet. of 
OH-C(C,H,NHPh), HO cH(OHYK SNMe, w 
Aniline-blue. Hydroxydimethylaminobenzhydrol. . 
re 
(C,H, NMe,),C( OH)-C,H,NHMe,’ ot 
Crystal-violet ion (green) in th 
moderately acid solution. tn 
HO’ HO’ " ne 
‘ CH 
NMe,*C,H,*C(OH)(C,H,"NHMe,),"* 4 GOH \/ 7 3 our 
( \co,H oe 
r th 
Crystal-violet ion (yellow) Yi we 
in strongly acid solution. Phenol-p-cresolphthalein. gl 
GOVERNMENT LABORATORY, su 
HosprraL STREET, 
JOHANNESBURG, [Received, February 17th, 1921.) 
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CLXXXIX.—The Hydration of the Fibres of Soap Curd. 
Part III. Sorption by Sodium Palmitate. 


By Mary Evetyn Laine. 


Previous work (McBain and Taylor, T., 1919, 115, 1300; McBain 
and Martin, this vol., p. 1369; McBain and Salmon, ibdid., p. 
1374) has shown that the fibres which form the structural basis 
of soap curd abstract by their hydration definite amounts of water 
from the solution with which they are in contact and thus give 
rise to the appearance of negative sorption of the salts dissolved 
in the lye or mother-liquor. The value NaP,2-1H,O for the hydra- 
tion of sodium palmitate in the presence of a nearly saturated 
solution of sodium chloride at 90° has been established by several 
methods. It has been shown that these fibres sorb small amounts 
of sodium chloride, and the same has been found to be true of 
sodium sulphate, except in the presence of a large amount of 
some other salt. 

The present work was undertaken in the hope of finding some 
easily analysable reference substance which would be applicable 
in all cases to the determination of the hydration of soap fibres 
and incidentally to the extension of the existing scanty knowledge 
of the sorption of various substances by curd fibres. 

Glycerol is the only one of the substances here investigated 
which is neither appreciably sorbed nor decomposed by the soap; 
it is not, however, easy to use as a reference substance. This 
result is of twofold interest. In the first place, the hydration value 
obtained with it, NaP,2-0H,O, agrees with the value obtained by 
the previous methods. In the second place, glycerol being a most 
important material from a commercial point of view, it becomes 
evident that the loss of the glycerol retained in the soap (equal, 
perhaps, to 10 per cent. of the world’s output) is not inherently 
unavoidable, for all the glycerol may be washed out from the 
soap curd, being not chemically combined, but merely held in 
the mechanically entangled lye. The problem is that of washing a 
wet precipitate. The expense of recovering a large part of this 
glycerol is a commercial question, but it is possible to do it by a 
suitable modification of the process of soap-boiling. 


EXPERIMENTAL. 


Pure sodium palmitate was prepared as follows: Sodium wire 
which had been cleaned in methylated ether was dissolved in 
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alcohol that had been distilled after standing for a year over 
calcium oxide and was therefore thoroughly dry. The sodium 
ethoxide formed was treated with palmitic acid (Kahlbaum) until 
the alcoholic soap solution, after dilution with a recently boiled 
mixture of alcohol and water (3:1), was found, by repeated tests, 
to give a neutral reaction with a neutral alcoholic solution of phenol- 
phthalein. After being isolated, the sodium palmitate was dried 
for a week in a vacuum desiccator and was thus obtained as a pure 
white powder. 

The dry, neutral sodium palmitate was weighed into a glass tube 
and dissolved in the necessary quantity of a solution of sodium 
chloride containing the reference substance to make the solution 
approximately normal with respect to sodium palmitate. Glass 
was not affected by sodium chloride, but it was not used with 
alkali, because in blank experiments the concentration of N/10- 
sodium hydroxide increased by 5 per cent. and of a 2-5N-solution 
by 11 per cent. after shaking at 90° during one week. 

The glass tubes were sealed and shaken for one week at 90° and 
allowed to stand for another week at 90°. In this way a maximum 
amount of lye was obtained, as in some cases the separation of the 
two layers required several days and in others there was no appreci- 
able separation after long periods at 90°. The tubes were opened 
and the lye was withdrawn with a pipette fitted with a glass filter- 
cap specially designed to filter all the solution through a single 
thickness of filter-paper about 1 mm. in diameter. The first few 
drops of lye were discarded in case the tiny. piece of filter-paper 
had sorbed any of the reference substance. In all later analyses 
the water content of the lye was found by evaporation of samples, 
after a few drops of hydrochloric acid had been added to decompose 
any soap that might possibly have been present. All duplicate 
samples gave the same percentage loss of water. 

In some cases the concentration of the reference substance was 
very low owing to the fact that some salts were salted out in 
concentrated sodium chloride solution, their solubility being 
lessened. In such cases the blank analyses (in duplicate) were 
alone taken to give the original concentration. In others the 
weighed amounts taken agreed with those analytically determined 
in blank experiments. 

It should be clearly understood that the absence of glycerol 
from curd fibres which have been salted out at 90° has nothing 
at all to do with the phenomena evolved when “neat soap”’ is 


formed as an upper layer in soap-boiling. This neat soap con- 
taining 30 per cent. of water is not a curd, but it is a liquid, whether 
gel or sol, and the concentration of glycerol in this liquid is governed 


re 
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by the law of distribution between it and the lower layer, whether 
nigre or lye. These relationships will be dealt with in other 
communications from this laboratory. 

The previous paragraph therefore refers only to curd in the 
presence of graining lyes. 

All the chemicals employed, except sodium formate, were Kahl- 
baum’s best. All vessels were carefully calibrated. Concentrations 
are expressed in weight normality, mols. per 1000 grams of water. 


Analytical Methods. 


It must always be remembered in evaluating these results that 
each case represents small differences between large numbers, 
hence any slight error in the analysis is considerably magnified 
(up to thirty-fold) in the sorption or hydration results deduced. 
When the quantity of lye obtained was larger, the results were 
more accurate, and thus agreed very closely in blank experiments, 
but duplicate estimations did not give very concordant values 
when, as in most cases, the quantity of lye was scarcely adequate. 

The presence even of traces of an unsaturated acid or of an 
oxidisable impurity in the soap would prohibit the use of an 
oxidising material as reference substance. 

In most cases, volumetric methods were employed in the pre- 
liminary experiments, but where a compound seemed to be a 
promising reference substance, gravimetric analysis was carried 
out also. 

Glycerol was analysed by the acetin method with the following 
modifications. The sodium chloride solution or lye containing the 
glycerol was treated with sulphuric acid to decompose any soap 
present and the sulphuric acid removed by barium chloride. The 
ethereal extract of the dried barium residue was evaporated to 
dryness in a silica flask on a water-bath with the aid of a suction- 
pump. As any estimation in the presence of a slight trace of water 
or alcohol was valueless, the residue, before being analysed, was 
left over-night in a vacuum desiccator containing calcium chloride. 
The silica flask was fitted with a ground-in silica condenser. This 
arrangement greatly simplifies the procedure, for with continued 
boiling in glass the mixture of acetic anhydride and glycerol extract 
is liable to cake, causing fracture of the flask by local overheating. 
It also allows of rapid cooling of the contents of the flask. 


Experimental Results. 


Incidental observations were made on the characteristics of the 
soap curd, particularly as regards its hardness and the extent to 
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which the lye was retained enmeshed in the curd on standing as 
well as after suction (Table I). For instance, the striking com- 
bination of effects produced by small quantities of phenol would 
be of practical importance were it not for the fact that they are 
observed only with chemically pure palmitate. Commercial 
palmitates do not show this behaviour, probably because the 
effect is, as other experiments show, in the opposite direction with 
unsaturated soaps such as the oleate. Sodium phenoxide greatly 
lowers the so-called melting point of curds of pure sodium oleate, 
an effect which is in the opposite direction to that observed with 
eight other salts investigated. 


TABLE I. 


Appearance of the curd and the lye when sodium palmitate is 
salted out by saturated sodium chloride solution in presence of 
small amounts of various substances. 


Proportion of 


Reference Clear lye the lye finally 
substance. recovered.* 


Sodium oxalate 
Potassium iodide 
in bromate y 
- chromate Scanty, pale yellow 
Sodium formate None 
Acetone Plenty 
Phenol None 
Sodium thiosulphate Very little 
Glycerol Scanty 
Sodium hydroxide Plenty 


+h 


Soft 


o 


Very yellow 
Hard 

Very soft 
Very firm 
Soft 


~ bso cob orp 


A 
o 


Soft 


PP oe 


* See columns 5 and 6 in Tables II and III, which show approximately 
how much lye was mechanically retained in the curd after suction. The 
amount of lye obtained was, in most cases, greater than that recorded in 
column 5, the remainder having been used for the estimation of the water. 

+ The dash (—) indicates that the appearance and the hardness of the 
curd were not noticeably different from those of the curd obtained in the 
absence of the reference substance. 


Table II contains the data for nine reference substances (for 
clearness, the weights are only recorded in rounded-off numbers). 

Table III contains the data for the sorption of the reference 
substances of Table II. The calculation of these results involves 
the hydration value NaP,2-1H,O previously established, which 
necessitates a correction of the percentage change in the concen- 
tration of the lye recorded in Table II in order to allow for the 
water abstracted to form the fibres. The true sorption of the 
reference substance is expressed in three different ways: first, in 


Ce ~_ + © 


ee 
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TABLE IT. 


Concentration changes in the added reference substance when 


sodium palmitate is salted out at 90°. 
Per- 

centage 

change 

in con- 

centra- 

tion of 

Nor- mality Grams used. Lye obtained. __ refer- 
mality of refer- ———— a . ence sub- 
Reference of ence sub- Nor- stance in 
substance. NaP. stance. NaP. Lye. mality. the lye. 
Sodium oxalate 10 0-003 000295 — 17:2 
Potassium iodide 1:23 0-080 0069 = — 13°4 
1:23 0°815 0072 —11°5 

0-98 0-080 0071 #=—11°3 


0-070 — 117 
a bromate 1°50 0:°0296 
chromate 1°50 0°0254 


Sodium formate 1:23 0°1962 
Acetone 0°62 0°1205 


g 
: 


—— 


ARWOOS HORNE Oe ee toe moo 


~ 


Sodium thiosulphate 1:29 0-0649 
Phenol 1°25 0:0851 
0-998 0:0557 


Glycerol 1:10 01018 
0°52 01021 


OFF MO oT waa;aaae ann 
DAARDRAHSHEW SSHaKD 


aS «ast. 
ESeaaece 


* The trace of soap in the lye was sufficient to vitiate the analyses, probably 
during the boiling with alkali and permanganate. 


the percentage of the total reference substance present which has 
been sorbed by the curd fibres; secondly, in the percentage by. 
weight, that is, the weight in grams sorbed by 100 grams of 
NaP,2-1H,O; thirdly, in order to render the results roughly com- 
parable, in mols. of ‘reference substance sorbed by 1 mol. of 
sodium palmitate—for an accurate comparison the sorption law 
would have to be determined for each case. 

It should be noted that whereas there is a real positive sorption 
of the reference substance in each case except glycerol, never- 
theless the greater part of the reference substance is left in the 
lye, and that it forms only an inconsiderable percentage of the 
weight of the curd fibres themselves. 

Other glycerol results, which are not quoted in the tables owing 
to the inadequate quantities of lye available, always showed a 
similar increase in concentration of glycerol, in agreement with the 
view that it is not sorbed by curd fibres. 
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TaB_e III. 


Sorption of various substances by sodium palmitate at 90° in 
presence of saturated sodium chloride solution. 


True sorption of reference 


Grams of substance. 
reference po — 
substance Pro- Percent- Mols. 
per 100 Fate of portion age by sorbed 
Reference grams of Mols. reference per weight perl mol. 
substance. water. of NaP. substance. cent. of soap. of NaP. 
Sodium oxalate 0°046 1-0 sorbed 22°63 0°042 0:00087 
Potassium iodide 1-322 1°23 oo 17°2 0°695 0°012 
1°325 1-23 a 16°1 0°639 0-011 
1173 0°98 a 11°6 0561 0-009 
1:168 0-98 ” 119 0580 0-010 
o” bromate 0°494 1:50 reduced bromide only present 
oe chromate 0°493 1-50 ™ 66°8 0°830 0-012 
Acetone 0°726 0615 sorbed 19°0 0°797 0°038 
0°726 0°615 - 19°4 0-811 0-039 
Sodium thiosulphate 0°672 1-29 a 5°95 0177 0-003 
0-672 o- at 9°02 07177 0°005 
Phenol 0-800 1°25 am 21°7 0-401 0-015 
0-800 - mt 11-4 0303 0-012 
0°524 0-998 a 30°8 0600 0-018 
Glycerol 0°94 1:10 unchanged 


0°94 0°82 os 


Sorption of Sodium Hydroxide. 


There is an inherent difficulty in experimenting with sodium 
hydroxide in that it is one of the constituents of the soap itself, 
and it is difficult to be quite sure, first, that the reaction between 
sodium hydroxide and palmitic acid is completed, because of the 
salting-out action of saturated sodium chloride solution, and, 
secondly, that the actual hydrolysis of the soap itself has not been 
altered in the process of salting-out. 

The concentrations taken were very low, since for solutions 
between 1-5N and 3-0N conclusive work had already been carried 
out (Part I, loc. cit.). In that work, repeated experiments showed 
that concentrated solutions increase in concentration owing to 
removal of water for the hydration of the curd. 

The results in Table IV were obtained by experiments carried 
out in sealed silver tubes. The solution of sodium palmitate was 
made up in two ways, namely, in that already recorded and by 
mixing the requisite quantities of palmitic acid and solution of 
sodium hydroxide. The last six lines of the table refer to solutions 
of sodium hydroxide which had been directly standardised against 
the pure palmitic acid used, to ensure that the alterations of 
concentration of sodium hydroxide were not due to relatively 


in 
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slight inaccuracy in making up the comparatively large amounts 
of sodium palmitate. In all the latter cases, pure ignited sodium 
chloride in solid form was added to the original charge. 


TABLE IV. 


Sorption of dilute sodium hydroxide by curd fibres of sodium 
palmitate salted out at 90° by nearly saturated sodium chloride 
solution. 


Sorption. 
Weight normality Mols. of 
Weight of excess of NaOH. Apparent NaOH per 
normality ——. _ per cent. 1 mol. of 
Preparation. of soap. Before. After. change. NaP. 
NaP + brine + 1-00 0°1163 (a) 0°1029 * 9°5 0-012 
excess of NaOH (b) 0°1062 
1-045 0°1571 (a) 0°1409 9°4 0°015 
(6) 0°1428 
0°99 00993 (a) 0°08136 181 0-018 
(6) 0°08140 
HP + brine containing 0-9618 00944 (a) 0°08242 13:4 0-012 
NaOH (6) 008180 
1-00 0°2006 (a) 0°0719 14°3 0°29 
{Standardised HP + = 1:00 0°2081 (a) 0°1856 10°5 0°022 
NaOH + solid sodium (6) 01869 
chloride 09863 0°1120 (a) 0°0820 29°0 0°033 
(b) 0:0768 
09868 0°1163 (a) 0°08275 28-2 0°033 
(6) 008433 


* (a)—(b) refer to experiments in two separate silver tubes, each deter- 
mined in duplicate. 

t In the last series, repeated some months after the first two, the palmitic 
acid was standardised against the sodium hydroxide employed. 


The results show conclusively that there is a real positive sorption 
of sodium hydroxide from dilute solutions. For 0-1N-sodium 
hydroxide this amounts to between 10—29 (weighted mean 22 per 
cent.), and for 0-2N-sodium hydroxide, 10—14 (weighted mean 
1l per cent.). The corresponding empirical formula for the curd 
fibres in both cases is NaP,2-1H,0,0-022NaOH. 

Although it is improbable that the sorption of sodium hydroxide 
does not increase at. all with concentration, yet the data strongly 
indicate that this is approximately the case. This is in accordance 
with results obtained in Part I with concentrated solutions, where 
pronounced negative sorption was actually observed, so that the 
amount of water taken up wholly masked the slight amount of 
sorbed sodium hydroxide. The effect of this would be to bear 
out what has been emphasised in Parts I and II. The method of 
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negative sorption yields minimum values, which could be increased, 
for example, in the case of 3-0N-sodium hydroxide, by about 0-4 
mol. of water giving a result of, say, NaP,3-6H,O in place of 
NaP,3-2H,0. 

In connexion with other work, it is important to note that the 
presence of NV /10-sodium hydroxide has now been proved, not only 
to eliminate hydrolysis completely, but even to render the curd 
fibres very slightly alkaline when salted out with concentrated 
sodium chloride solution. 


Summary. 


The sorption of widely different substances by soap curd has 
been investigated for the first time. 

When 1 mol. of sodium palmitate is treated with brine containing 
about 1000 grams of water, 330 grams of sodium chloride, and 
5—10 grams of the substance under investigation, an appreciable 
fraction (,;'; to 4) of the following are sorbed by the soap curd; 
acetone, phenol, potassium chromate and iodide, sodium acetate, 
thiosulphate, and hydroxide. 

Sodium sulphate and glycerol are quantitatively left in the lye; 
their apparent presence in soap curd is due only to the enmeshed 
lye. This solves an old and important problem as to the form 
in which glycerol is present in soaps. 

Under the above conditions (salting out with saturated sodium 
chloride solution), in confirmation of previous work from this 
laboratory, the hydration of the solid part of wet soap curd amounts 
to 1NaP,2H,0. 

Sodium hydroxide is sorbed by curd fibres to an extent probably 
not exceeding about 0-02 equivalents of sodium hydroxide to 
1 equivalent of sodium palmitate. 


In conclusion, I wish to thank the Colston Research Society of 
the University of Bristol and the Chemical Society for grants for 
the purchase of pure materials, which enabled this investigation to 
be carried out. 


CHEMICAL DEPARTMENT, 
Bristot UNIVERSITY. [Received, July 30th, 1921.] 
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CXC.—The Propagation of Flame in Mixtures of 
Ethylene and Air. 


By Wit1t1AM RONALD CHAPMAN. 


THE “ uniform movement ”’ of flame, which occurs when an inflam- 
mable mixture contained in a tube closed at one end is ignited at 
the open end,. affords means of comparison between one inflam- 
mable gas and another as regards their general behaviour on burning. 
The speed of the uniform movement is dependent on the character 
of the combustible gas and the composition of the mixture that is 
inflamed, but it is also dependent on the experimental conditions, 
notably on the diameter of the tube in which the mixture is con- 
tained. When desirous of comparing one mixture with another, 
or a series of mixtures of one inflammable gas and air with that of 
another inflammable gas, it is essential, therefore, that the records 


-|of speeds employed should have been obtained under standard 


conditions. 
Records of the speed of the uniform movement of flame in all 


-| their mixtures with air over the range of inflammability are avail- 


able for most of the common inflammable gases, as determined in 
horizontal glass tubes 2°5 cm. in diameter. Thus, for hydrogen 
reference can be made to Haward and Otagawa (T., 1916, 109, 83), 
for methane and acetylene to Mason and Wheeler (T., 1917, 111, 
1044; 1919, 115, 578), and for ethane and the higher paraffins, 
and for carbon monoxide, to Payman (T., 1919, 115, 1446, 1454). 
For ethylene information has not hitherto been available and, 


y| since ethylene is an important constituent of coal-gas, it is desirable 


that it should be. 

The present paper records for ethylene (1) its limits of inflam- 
mability, and (2) the speed of the uniform movement of flame in 
all its mixtures with air, as determined in a glass tube 2°5 cm. in 
diameter. 

Limits of Inflammability. 


The results obtained are given in the table that follows. With 
tubes of larger diameter the limits would, no doubt, be slightly 
wider (in this connexion see T., 1918, 113, 656). 


Ethylene 
per cent. Remarks. 
Horizontal propagation. A pale blue flame occupied 
Lower limit ........ 3°4 | the upper portion of the 
Upper limit .......... 14-1 


limit flame was tinged 


tube only. The upper 
| with yellow. 
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Ethylene 
per cent. Remarks. 
Vertical propagation, downward. 
Lower limit .......... 3°6 Pale blue disc. 
Upper limit .......... 13°7 Pale blue, voluminous 
flame. 
Vertical propagation, upward. 
Lower limit .......... 3°3 Blue flare of flame. 
Upper limit .......... 25°6 Smoky, yellow flame, 


carbon deposited on 
sides of tube. 
Speed of Propagation of Flame. 


The measurements of the speed of the uniform movement are 
most conveniently displayed in diagrammatic form (Fig. 1). The 
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curve relating speeds with percentages of ethylene is of a form 
similar to that obtained with other hydrocarbons; that is to say, 
the speed of the flame increases rapidly as the percentage of ethylene 


in diameter. 


J glass tube 2°5 cm. 
Cm. per second. 


Speed of uniform movement of flame in a 
—s 


per se 
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is increased from that in the lower-limit mixture until a maximum 


range is reached, after which it decreases. 
paraffin hydrocarbons under the same conditions of experiment, 
the speed of the flame at the limits tends towards a value of 20 cm. 


As with each of the 


{____4 — 


[ame 
ACETYIUENE 


Cm. per second. 


| | | 
CARBON MONOXIDE 
| 


(errectiwe) 


Speed of uniform movement of flame in a glass tube 2°5 cm. in diameter. 
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per second, which would therefore appear to be a constant for the 


* With mixtures of carbon monoxide and air the speed of flame at the 
limits (under the same conditions of experiment) is also about 20 cm. per 
second; whereas with the lower-limit mixture of hydrogen and air the speed 
is abnormally slow, namely, 10 cm. per second (see T., 1919, 115, 1444). 
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In Fig. 2 the speed—percentage curves for the uniform movemen} 
of flame in mixtures of air with hydrogen, carbon monoxide (the 
“‘effective’’ values and those “observed”’ when saturated with water. 
vapour at 12°and 750 mm.), methane, ethane, acetylene, and ethylene 
respectively, as determined in horizontal glass tubes 2°5 em. in 
diameter, are plotted to the same scale for comparison. The curve 
for ethylene is intermediate in character between those for methane 
and acetylene, not only as regards its maximum range, but als 
in respect of the manner in which it flattens as the upper limit js 
approached. This flattening of the curve towards the upper limit 
is just noticeable with methane (it becomes more pronounced when 
tubes of larger diameter than 2°5 cm. are employed), is quite 
distinct with ethylene, and is very marked with acetylene, where it 
is due to exothermic decomposition of excess of the gas (see T.,, 
1919, 115, 578). With ethylene, as with the paraffin hydrocarbons, 
the flattening of the curve as the excess of combustible gas becomes 
greater is probably due to the liberation of hydrogen at an inter. 
mediate stage in the combustion of the hydrocarbon. 

The mixture of ethylene and air that contains ethylene and 
oxygen in combining proportions to form carbon dioxide and steam 
contains 6°5 per cent. of ethylene, and this mixture has the maximum 
calorific effect. The maximum speed of uniform movement of 
flame is, however, obtained with mixtures containing between 
7 and 7°25 per cent. of ethylene. This “ displacement” of the 
maximum-speed mixture, which has been observed to a greater 
or less extent with all mixtures of inflammable gases with air, has 
been shown by Payman to be an effect of mass action (T., 1920, 
117, 48). 

Given data respecting the compositions of the maximum-speel # 
mixtures with air of individual combustible gases, and the speeds 
of flame in them, it is possible to calculate the maximum-speed ff 
mixture, and the speed obtainable, when a composite gas, such 
as coal-gas, containing the individuals in known proportions, i 
mixed with air. Taking as an example a coal-gas containing, ® 
per cent. 


Carbon dioxide 
Ethylene 
_ Carbon monoxide 


Nitrogen 
the composition of the maximum-speed mixture can be calculated 
by means of the formula 


w= 10 
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inwhich a, b,c, . . . are the percentages of the individual gases in 
the coal-gas, and M,, M,, M,, . . . the percentages in their 
tive maximum-speed mixtures with air. The result of the 
calculation is 222, meaning that the maximum speed of uniform 
movement of flame in a tube 2°5 cm. in diameter is obtained when 
22:2 per cent. of the coal-gas is present in the mixture with air. 
The value of the speed of flame in this mixture can be calculated 


in which 1, m,n, . . . are the amounts present of the maximum- 
speed mixture with air of each constituent gas, and S;,S,,S, .. . 
are the speeds of flame in those mixtures. In the instance given, 
the calculated speed (using the “effective’’ value for carbon 
monoxide) is 210°5 cm. per second. 

So far as calculations for different compositions of coal-gas are 
concerned, a sufficiently close approximation can be obtained by 
grouping together the paraffins and olefines and treating them as 
though they were methane. Thus, for the sample of coal-gas taken 
as an illustration, the maximum-speed mixture calculated on this 
assumption contains 22°7 per cent. of coal-gas and the speed of 
fame in that mixture is 206-2 cm. per second. 

This research has been extended to include the study of the 
propagation of flame in mixtures of the higher members of the 
dlefine series of hydrocarbons with air. For propylene, for example, 
he limits of inflammability (horizontal propagation of flame) are 
6 and 7-4, and the maximum speed of the uniform movement, 
inder the same conditions of experiment as for ethylene, is 90 cm. 
er second, obtained with mixtures containing between 4-8 and 
'3 per cent. of propylene. The significance of a comparison 
tween the values obtained for ethylene, propylene, and butylene 
in the one hand and ethane, propane, and butane on the other will 
e discussed in a future communication. For the present it may 
* mentioned that the higher olefines correspond more closely to 
le paraffins than does ethylene, so far as the speed of uniform 
ovement of flame in their mixtures with air is concerned. Coal- 
Ms contains, in addition to ethylene, appreciable quantities of 
topylene and butylene, which are usually recorded in analyses as 
thylene (or as “‘ olefines ”), so that the grouping together of paraffins 
ad olefines when making such calculations as are described above 
ould, in the majority of instances, cause even less departure from 
‘exact calculation than appears in the illustration that is given. 


ae 
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EXPERIMENTAL. 


Ethylene was prepared by the dehydration of absolute ethy| 
alcohol by phosphoric acid at 200—220° (Newth, T., 1901, 79, 901) 
and purified by passing through a condenser cooled by solid carb 
dioxide. Explosion analysis gave a ratio C/A of 1-00, showing: 
high degree of purity. The mixtures with air were prepared ove 
glycerol and water in glass gas-holders and were analysed befor 
use. 

The determinations of the limits of inflammability were made in 
a glass tube 2°5 cm. in diameter and 150 cm. long. The measur. 
ments of speeds of flame were made by the “ screen-wire ”’ methol 
described by Wheeler (T., 1914, 105, 2609), a glass tube 2°5 cm. in 
diameter and 300 cm. long being employed. Three screen-wirs 
were used 25 cm. apart, the first being 20 cm. from the point of 
ignition. These wires were supported on platinum leads whieh 
passed through ground-glass stoppers fitted into tubulures. The 
tube, which had a tap fused on at one end and could be temporarily 
closed at the other end by a ground-glass cover, was exhausted of 
air before each experiment, filled with the required mixture from 
the gas-holder, re-exhausted and filled again. Ignition in the 
majority of the experiments was by means of an electric spark 
at platinum electrodes fused through the walls of the tube 2 cm. 
from the open end; in the remaining experiments a lighted taper 
was passed across the mouth of the tube. 

The flames were of a pale blue colour tinged with pink. They 
usually travelled at a uniform speed over a distance of about 
90 cm. from the point of ignition; occasionally, with the fastet 
flames, the “ vibratory movement ” began before the third scree 
wire was reached (70 cm. from the point of ignition), when the 
measurements of speed between the first and second screen-wirt 
only were recorded. Details of the results are as follow : 


Ethylene Speed in Ethylene Speed in 
cm. per sec. per cent. cm. per sec. 
25°8 " 142°4 
29°4 . 139°7 
36°8 . 127°5 
413 , 120°6 
57°9 , 113°7 
79°4 . 113°4 
108°4 , 89°5 
121°6 . 72°6 
129°3 . 45°5 
129°9 : 23°5 
133°5 , 22°3 
140-2 , 22:2 
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This work, in which I have been assisted by Mr. C. A. Naylor, 
has been carried out at the Mines Department Experimental 
Station, Eskmeals, under the direction of Dr. R. V. Wheeler. 


DEPARTMENT OF FUEL TECHNOLOGY, 
Tue UNIVERSITY, SHEFFIELD. (Received, September 12th, 1921.] 


C(XCI.—The Effect of Temperature on Platinum Black 
and other Finely-Divided Metals. 


By Rosert Wricut and RoBEerT CHRISTIE SMITH. 


Wuen a freshly-coated platinum plate has been heated to a tem- 
perature somewhat above red heat and allowed to cool, the original 
velvet-black surface becomes grey, the extent of the colour lighten- 
ing depending on the temperature and the duration of the heating. 

This change in platinum black is not attended by any alteration 
in weight, and cannot therefore be due to oxidation or to the 
removal of the deposited surface. Moreover, the change does not 
take place at any definite temperature, as a plate heated in a 
resistance furnace and examined at every 50° began to show the 
- Bchange at 300°, the effect increasing with rise of temperature until, 
at 900°, the deposit had become almost white. 

In order to determine whether the heating produced any other 
change in the platinum black beyond the alteration of colour, 
several properties of the metal were examined, measurements 
being made immediately after the deposition of a fresh coat and 
* also after heating the coated plate to a series of definite temperatures. 
The properties which gave most satisfactory results were the 
decomposition of hydrogen peroxide by the finely-divided metal 
and the absorptive capacity of the plates for hydrogen and oxygen 
when the plates were used as electrodes in a storage cell charged 
with dilute sulphuric acid. The alteration of the overvoltage 
shown by the plates in dilute acid was also examined, but no definite 
results were obtained, although both the anodic and the cathodic 
decomposition potentials with polished platinum differ considerably 
rom those shown by platinised electrodes. 

The results of the hydrogen peroxide decompositions and the 
storage capacities of the plates as electrodes are shown in the set 
if curves. The first two sets were obtained with platinum, the 
third with silver, and the last with palladium. In all cases the 


ibscisse represent the temperatures to which the plates were 
VOL, CXIXx. 3M 
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heated, and the ordinates correspond either with cubic centimetr 
of oxygen evolved per minute, or with the time in minutes tak 
for the storage cell, constructed of the given plates in dilute sy) 
phuric acid, to fall to a potential of 0°4 volt when discharged throug 
a fixed external resistance. The full-line curves represent th 
results of the peroxide decompositions, and the dotted curves th 
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results for cell capacity. The capacity measurements were satis 
factory only in the case of platinum, as palladium absorbs al 
excessive quantity of hydrogen, whilst silver unites with the radicle 
of the acid used. 

The first set of curves for platinum was obtained by using plate 
platinised in the ordinary way, that is, by reversing the currell 
every half minute during the deposition of the platinum blac: 
It was thought that such plates might contain considerable 
quantities of chlorine, so a second set of measurements was Ca 
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out in which the current was not reversed during the plating and 
the cathode was kept in a separate vessel from the anode, the two 
being connected by means of a syphon. By this method, not only 
is no chlorine evolved at the cathode, but also the possible diffusion 
of chlorine from the anode is practically prevented. It will be 
seen from the curves that the catalytic action of the chlorine-free 
plate is not augmented to the same extent by low temperature as 
is the case with the plate which possibly contained occluded 
chlorine. Further evidence of the presence of chlorine in the 
plate was obtained by plating with reversal of current and then— 
after washing—by heating the plate in a closed vessel through 
which a current of air was drawn, the air being afterwards passed 
through a starch-iodide solution. Under these conditions the 
starch gave a blue colour, due to the liberation of iodine by the 
chlorine, but when the platinum was deposited free from chlorine 
in the manner indicated, no blue colour was obtained. 

Considering the catalytic action of the metals as shown by the full- 
line curves, two points should be noted ; first, the temporary increase 
in activity which occurs after heating to certain temperatures, and 
secondly, the gradual falling off in activity as high temperatures 
are reached. The first effect may be explained by the evolution 
of occluded gas, the escape of which would not only increase the 
roughness of the plates, but also, in some cases, help the catalysis 
by the removal of a catalytic poison. The falling off in catalytic 
power which takes place when high temperatures are reached is 
probably due to a decrease in the specific surface of the deposited 
metal, accompanied by an alteration in the size and number of 
points at which the liberated oxygen can escape in the form of 
bubbles. The storage capacity of the plates when used as electrodes 
in a storage cell also falls off, after heating, in the manner shown 
by the dotted curves in the first two figures. In this case also the 
same explanation will hold good, that is, the decrease in specific 
surface produced by heating will be accompanied by a falling off 
in the occlusive power of the plates for gases, and therefore also 
in their storage capacity when used as electrodes in a storage cell. 

If the view of the decrease of specific surface be accepted, then 
it should be possible to detect such an alteration by application 
of the microscope. Photomicrographs of the plates, made before 
and after heating, were unsatisfactory owing to the lack of contrast 
between the different parts of the plated surface. The plan was 


urrett itherefore adopted of photographing a plated wire against a bright 


background, so that in effect a silhouette of the plated wire was 
obtained ; the wire was then heated, usually by an electric current, 


riod ff’nd then rephotographed. Wires of platinum, silver, iron, and 


3M2 
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copper were examined in this manner; with the exception of 
platinum, the wires were heated in an atmosphere of hydrogen t 
avoid oxidation. Substances of low melting point were not 
investigated owing to the difficulty of judging the temperatur 
when heating by the current, that is, in all cases the melting point 
of the wire was considerably above red heat. The results obtained 
are shown in the table. The figures given are proportional to the 
diameters of the plated wires before and after heating, the diameter 
of the unplated wire being taken as unity in each case. In all 
cases a portion of the plating was removed from the freshly-coated 
wire, so that the original diameter was always shown in the photo. 
graphs, thus providing a standard and avoiding errors of focus, 
The results clearly indicate that heating is in all cases followed by 


a decrease of specific surface. 
Diameter after 


Diameter heating to dull 
before heating. redness. 
1°15 
1-11 
1°41 
1°36 


Faraday (Phil. Trans., 1857, 147, 145) observed that a gold 
leaf mounted on glass and heated to about 500° lost its green 


colour when viewed by transmitted light and became transparent, 
the green colour being restored on burnishing. Turner (Proc. Roy. 
Soc., 1908, [A], 81, 301) repeated the experiment and took photo- 
micrographs of the transparent gold. By this means he showed 
that the film had ceased to be continuous and had gathered itself 
up into a network of gold strands, the effect of burnishing being to 
flatten out the strands again so as to reproduce the original surface. 
Beilby (Proc. Roy. Soc., 1904, 72, 226), and Chapman and Porter 
(ibid., 1910, [A], 83, 65) investigated the same phenomenon ani 
advanced the view that the effect was produced by the surface 
tension of the metal, which was able to operate owing to the lower 
rigidity produced by heating. Chapman and Porter also showe 
that a freely-suspended leaf merely contracts in area but remaili 
continuous on heating, the network effect only being produced whet 
the leaf was mounted on glass. With the thickness of leaf the) 
employed, the contraction started at the definite temperature of 340° 

A different explanation of the observed effects also seems possible 
A very finely-divided metal may have a considerably lower melting 
point than the same substance in bulk, and as a result of til 
incipient melting the smaller particles would attach themselves “ 
the larger, which would not only grow, but would also becom@™ 
cemented together by the liquid smaller particles, the whole effe 
corresponding with a low-temperature sintering of the finely 
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divided metal. The increased vapour pressure of a finely-divided 
liquid in the state of mist, where the large drops grow at the expense 
of the smaller, and the increased solubility obtained by using a 
substance in a fine state of division, are corresponding phenomena. 
Therefore it may be assumed that fine division alters the melting 
point as well as the vapour pressure and the solubility. Whatever 
the cause may be, there seems little doubt that finely-divided metals 
show a very considerable decrease of specific surface when heated 
to temperatures much below their usual melting points. 

Further evidence in support of the theory can be deduced from 
the fact that finely-divided metals, when used as catalysts, are 
always more active when produced by reduction at low tem- 
peratures, the same being true in connexion with the activity of 
the metallic pyrophori made from nickel or iron. In both cases 
the metal produced at a low temperature has a high specific surface, 
which is considerably reduced by the particles melting together at 
higher temperatures. It should be noted that the sintering effect 
may be to some extent prevented if the catalytic metal is mounted 
on a carrier such as asbestos, for under such conditions the metallic 
particles are to a certain extent kept separate from each other. 
It is also interesting to note that, as a rule, surface catalysts are 
substances of very high melting point, and that the optimum 


temperature for any given catalyst is always considerably below 
its melting point. 


EXPERIMENTAL. 


The plates used measured 25 by 35 mm. and were fitted with 
‘vires of the same metal welded on to them. The electrolysing 
solutions were chlorides in the case of palladium and platinum, 
cyanide in that of silver, and sulphates in the cases of copper and 
ion. After deposition of the metal, the surface was cleaned by 
sing the plates as electrodes in a solution of dilute sulphuric acid ; 
ediithe plates were then washed in distilled water and dried. The 
‘Beating of the plates was carried out in a small resistance furnace, 
the temperature being noted by means of a thermo-couple. 

The storage cell was filled with N-sulphuric acid, and the plates 
vere charged by connecting them with a 2-volt accumulator for 
ifteen seconds; the current was then broken and the cell allowed 
4§ discharge itself through a voltmeter of 390 ohms resistance and 
Beduated to 1/100th of a volt. The time required for the cell 
oltage to fall to 0-4 volt was taken as an indication of the storage 
‘apacity of the plates. 

Before the plates were used for the decomposition of hydrogen 
‘oxide, the platinum and palladium plates were saturated with 


» 
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oxygen, and the silver with hydrogen, by using them as electrodes 
in a cell filled with dilute sulphuric acid. The peroxide used was 
of approximately two-volume strength, and the same solution was 
always employed for any series of measurements, the strength 
being checked from time to time by titration with potassium 
permanganate. Twenty-five c.c. of the solution were placed ina 
wide test-tube, and allowed to stand in a bath until it attained 
a temperature of 18°; the electrode was then introduced and the 
tube was closed by a rubber stopper connected with a three-way 
tap open to the air. Fifteen seconds after the introduction of the 
electrode, the tap was turned so as to make connexion between the 
test-tube and a Hempel gas-burette. The quantity of oxygen 
evolved per minute was noted, the figure plotted being the mean 
value obtained during the first three minutes. 

The wires used in obtaining the photomicrographs were plated 
in the same way as the plates; the diameter varied between 0:15 
and0°3mm. The platinum wire was merely held between terminals 
fitted into the edge of a slip of wood mounted on the microscope 
stage. A slip of paper was placed beneath the wire and illuminated 
from below so as to form a bright background, against which the 
wire was silhouetted. The heating was carried out by means of 
the electric current, no attempt being made to measure the tem- 
perature, but, judging by the colour of the glow, it always lay 
between 650° and 850°. The copper, silver, and iron wires were 
all mounted—after plating—between two steel wires passed through 
a rubber stopper. During heating, the stopper carrying the wires 
was used to close an inverted bottle, through which a stream of 
purified dry hydrogen was passed, the heated wire being in all case: 
allowed to cool in the atmosphere of hydrogen. After heating, the 
rubber stopper was removed from the bottle, mounted on the stage, 
and the wire photographed. 


Conclusion. 


The metals, silver, copper, iron, platinum, and palladium, when 
deposited electrolytically in a fine state of division, show the 
phenomenon of sintering at temperatures considerably below thei 
ordinary melting points. It is thought that this effect may bk 
parallel to the abnormal vapour pressure and solubility of finely- 
divided material. The effect probably has considerable influene 
on the optimum temperature of a finely-divided metal when used 
as a catalyst. 


PuysicaL CHEMISTRY LABORATORY, 
Giascow UNIVERSITY. (Received, July 5th, 1921.) 
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CXCII.—Physical Chemistry of the Oxides of Lead. 
Part I. The Solubility of Lead Monoxide. 


By SaMvUEL GLASSTONE. 


Tus series of studies was originally undertaken with the object of 
investigating the affinity relationships between the various oxides 
of lead by electrochemical and other methods. It was found 
necessary to investigate the subject of lead monoxide in detail, 
owing to its existence in several coloured modifications. The first 
part of this work, consisting mainly of solubility determinations, 
is now described. 

Red and yellow forms of lead monoxide were prepared by Geuther 
(Annalen, 1883, 219, 56) by the action of alkalis on solutions of 
lead salts; in addition, it was found that a reddish-brown form, 
similar in colour to commercial litharge, could be prepared from 
these reagents. When a boiling 15 per cent. (or more dilute) 
solution of lead acetate is added to a boiling 5 per cent. (or more 
dilute) solution of sodium hydroxide, this reddish-brown form 
is directly precipitated. With potassium hydroxide (compare 
Winkelblech, Annalen, 1837, 21, 21), provided both solutions are 
boiling, the formation of the reddish-brown oxide is independent 
of the concentration ; the colour, however, becomes more and more 
red until, when a 50—60 per cent. solution of potassium hydroxide 
is used, it is identical with that of Geuther’s red oxide. The red- 
dish-brown form is thus probably the finely divided red modification. 

The relationships between the various forms of lead monoxide 
may be set out as follows : 

5% NaOH boiling pm 
Reddish-brown ~—————. Lead acetate soln. -—-> Lead hydroxide (white) 
20% KOH boiling 


500, — 
“0 ay oiling 
<a), Cog ; alkali 
7) 


/ Heat to 720° and cool - Y 
Yellow < os 50% alkali (hot) Yellow or 


A 50% alkali (hot) ¥ - Yellowish-green 


mmercial Reddish-brown 
The facts that any form of lead monoxide, when heated with 
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concentrated alkali hydroxide (50 per cent. or more), gives the re 
form, and that all forms on grinding give a brownish-yellow powder 
suggested the possibility of a closer relationship between the form; 
of lead monoxide than that of allotropy, as worked out by Rue 
(Zeitsch. anorg. Chem., 1906, 50, 265). 


Preparation of Forms of Lead Monoxide. 


The products were in each case washed with boiling water by 
decantation to remove the finer particles, then transferred to, 
Buchner funnel, well washed, and finally dried in a vacuum ove 
calcium chloride. 

No. 1. Reddish-brown.—A solution of 20 grams of sodium 
hydroxide in 400 c.c. of water was heated to the boiling point and 
treated gradually with a boiling solution of 60 grams of lead acetate 
in 400 c.c. of water. 

No. 2. Yellowish-green——To a solution of 30 grams of sodium 
hydroxide in 200 c.c. of water at 90° was slowly added a solution 
of 35 grams of lead acetate in 150 c.c. of water. The mixture wa 
boiled until all the hydroxide had changed to a heavy, greenish. 
yellow solid, which settled to the bottom of the reaction vessel 
(a porcelain basin). 

No. 3. Red.—120 Grams of sodium hydroxide dissolved i 
180 c.c. of hot water were treated with a hot solution of 100 grams 
of lead acetate in 150 c.c. of water. The mixture was boiled for 
about an hour and stirred very frequently, small amounts of wate 
being added to make up for the loss by evaporation. The yellov 
solid was completely converted into the red form. 

No. 4. Reddish-brown (prepared by means of potassium hydroxide)— 
The quantities recorded in No. 2 were employed, but potassium 
hydroxide replaced sodium hydroxide, and both solutions wer 
boiling while being mixed. 

No. 5. Yellowish-green (prepared by means of potassium hydroxide) 
—The quantities used were exactly as in No. 4; the solutiom 
however, were mixed at a temperature below the boiling poll! 
and then boiled as in No. 2. 

No. 6. Lemon-yellow—Obtained by heating any of the othe 
forms to 700° and allowing to cool (Ruer, loc. cit.). 

No. 7. Pure commercial lead monoxide.—Reddish-brown flakes. 

No. 8. Brownish-yellow powder made by grinding the red form 
No. 3 (compare Geuther, loc. cit.). 

These specimens were all analysed, the lead being 
gravimetrically as the sulphate. The percentage of le 


estimated 
ad foul 
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varied from 92°62 to 92°83 (PbO requires Pb = 92°83 per cent.) ; 
traces of moisture accounted for the low results. 


Microscopic Examination. 


The red form (No. 3) consisted of the largest particles, mainly 
3. to 5u, which, on being heated to 700° and then cooled (No. 6), 
gave larger, yellow agglomerates (104 to 20u); the latter easily 
broke down under gentle pressure into particles smaller than those 
of the original red form (0°7p to l‘5u). Products No. 2 and No. 5 
were similar to No. 6. The reddish-brown oxides (Nos. 1, 4, 7) 
consisted of particles smaller than those of the red form (lp to 2,), 
but of the same order as the finer particles of the yellow forms. 
It is believed that the particles into which the yellow agglomerates 
easily disrupt are also reddish-brown in colour, for the yellow form, 
when gently pressed on paper or in the mortar, gives a brown 
powder. The brown powder obtained by grinding any form of 
lead monoxide consisted almost uniformly of particles 0°7» in 
diameter. All the specimens may possibly have contained particles 
smaller than 0°72 which were not visible under the microscope. 
That such small particles are present is shown by the fact that 
freshly-prepared suspensions of lead monoxide in dilute alkali 
hydroxide solution often cannot be clarified by filtration through 
paper. 

In accordance with the work of Ostwald (Zeitsch. physikal. Chem., 
1900, 34, 495) and others, we should expect to find differences in 
solubility between the various forms of lead monoxide depending 
on the size of the particles. The red form should have the lowest 
solubility, and the reddish-brown forms higher values. The case 
of the yellow and yellowish-green forms is more uncertain. If the 
efiect of shaking with a solvent is to break up the agglomerates 
(compare Hulett and Allen, J. Amer. Chem. Soc., 1902, 24, 667), 
these forms should have a solubility almost the same as that of 
.gthe reddish-brown form; gentle stirring of the solvent over the 
surface of the solid would probably give lower values. 


Solubility Determinations. 


The solvent chosen was a N-solution of sodium hydroxide (free 
from carbonate), which was made by decomposing with water 
sodium amalgam that had been prepared by the electrolytic method 
(compare Ming Chow, J. Amer. Chem. Soc., 1920, 42, 488). 

About 5 grams of lead oxide were shaken, (a) gently, in glass 
vessels tied to the spokes of a wheel which revolved at 24 revs. 
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per minute, and (5) vigorously, in bottles placed in a motor-drivy i 
shaking-machine, with 20 or 30 c.c. of N-sodium hydroxide fre 
from carbonate. After fourteen days, a portion of the clear liquid 
was drawn off without filtration (as filter-paper adsorbs lead i 
alkaline solution to a considerable extent), and the lead estimatej 
gravimetrically as the sulphate. The solubilities of the varioy 
forms (numbered as above) are given in Table I. 


TABLE I. 
Temperature 20°. 


Gram-mol. of PbO dissolved per litre of N-NaOH. 
Gentle shaking. Vigorous shaking. 
0°049 0°054 
0-048 0-054 
0-029 0-033 
0-049 
0-049 
0°047 
0-049 
. 0-040 
Solubility of the Reddish-brown and Yellow Forms.—The identical 
solubility of the yellow and reddish-brown forms may be explained 
on the assumption that the yellow agglomerates break down into 
small particles which are identical with those present in the red- 
dish-brown forms. If these solutions of the reddish-brown and 
yellow forms were kept in contact with the respective oxides, 
slow decrease in solubility was noted from 0-054 to 0-047 gram-mol. 
per litre, and in some cases to 0°042 gram-mol. per litre. The rate 
of decrease depended on the previous history of the specimen 
(that is, on the amount of very finely divided matter present) and 
on the ratio of solid phase to liquid phase present. In some cases 
a considerable time elapsed before the decrease became manifest, 
but in every case where the yellow or reddish-brown oxides wert 
left in contact (without shaking) with N-sodium hydroxide cot 
taining 0°050 gram-mol. of lead oxide per litre, this decrease wis 
eventually noticed. The equilibrium solubility of these forms ' 
evidently lower than the values obtained with shaking; during 
the shake, small particles are being continually rubbed off, and 
high solubility values are therefore obtained, but when the solution 
is at rest these particles gradually disappear, being redeposited 00 
the larger ones, and the solubility value falls. 
In order to determine the equilibrium solubility of the reddish 
brown and yellow forms, shaking must be avoided, so an arrange 
ment was made by which the liquid could be gently stirred ove! 
the surface of the solid without disturbing the latter. Air fre 
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from carbon dioxide and saturated with water vapour to the extent 
f the vapour pressure of N-sodium hydroxide, was gently bubbled 
hrough a bottle containing (a) yellow lead monoxide and N-sodium 


until constant values were obtained. 

In both cases the solubility reached 0°039 gram-mol. of lead 
oxide per litre, and this may be taken as the solubility of the majority 
of the particles present in the reddish-brown and yellow forms of 
lead monoxide. 

Solubility of the Red Form.—In this case the solubility showed 
a tendency to increase with keeping, possibly due to the slow 
solubility of the red form. More definite values should thus be 
obtained by placing N-sodium hydroxide supersaturated with 
respect to the red lead oxide in contact with the solid red form; 
the lead oxide content of the solution should then decrease until 
the equilibrium value is reached. 

NSodium hydroxide was saturated with lead oxide to the extent 
of 0048 gram-mol. per litre by shaking with the reddish-brown 
form, and a quantity of the red lead monoxide was placed in this 
solution. The mixture was gently stirred by the air-current 
method, and solubility determinations were made from time to 
time. The final value obtained in this way was 0°035 gram-mol. 
of lead oxide per litre, which is taken as the solubility of the red 
lad oxide in N-sodium hydroxide. This difference in solubility 
found between the various forms, namely, 0-039 and 0°035, is one 
that is readily accounted for on the grounds of varying size of 
particles. We have already seen that the red form of lead monoxide, 
if ground, gives a brown powder with a solubility of 0°040 gram-mol. 
per litre in N-sodium hydroxide (Table I). 

Jones (Zeitsch. physikal. Chem., 1913, 82, 448) has developed a 
formula connecting the solubility of a finely-divided powder with 
the size of the particles, which resembles that of Ostwald (ibid., 
10, 34, 495), except that the integer 2 replaces 3. The later 
formula is simplified for the purpose of the subject now under 
discussion in the form : 

RT 20 
M rp 


vhere R, 7’ have their usual meaning, M is the molecular weight 
of the dissolved substance, o the energy per unit surface of separa- 
ton of solid and solution, p the density of the solid, s, and s,, the 
‘oneentrations of the solute when spherical particles of radius 1, 


log. = = 
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and plane surfaces of the solid are in contact with the solution: 
8, is the solubility in a normally saturated solution (Hulett anj 
Allen, loc. cit.). In the present case, if we assume that in the nm 
form the particles are large enough to be considered to have play 
surfaces, we can put s, as equal to 0°035 gram-mol. per litr, 
Specimens of reddish-brown and yellow lead monoxide contaiy 
particles 0°7» in diameter, and we will assume that it is they 
particles which give the measured solubility of 0°039 gram-mo, 
per litre. By substituting these values for s, and s,,, and putting 
r= 0°35 x 10% cm., R= 831 x 10’ ergs, M (for lead oxide) 
= 223, p = 9 (approx.), and 7’ = 293° Abs., we obtain for c, the 
energy located at the surface of discontinuity between lead monoxide 
and N-sodium hydroxide, the value 1860 ergs per sq.cm. at 20°. This 
value is of the same order as those calculated for other substance 
by Jones (loc. cit.). The value of o between lead monoxide and 
water is probably not very different from the value calculated for 
N-sodium hydroxide, as the ratio of the solubilities is almost the 
same in both solvents for particles of equal size (see below). 

It may be emphasised here that the explanation of solubility 
differences that has been developed, is put forward not only for 
the reddish-brown forms of lead monoxide, but also for the yellow 
and greenish-yellow forms which have been presumed to be poly- 
morphic modifications by previous authors. 


Dissociation Constant of Lead Monoxide as an Acid. 


Berl and Austerweil (Zeitsch. Elektrochem., 1907, 13, 165) calcu- 
lated the dissociation constant of lead monoxide as a monobasit 
acid, from the values of its solubility in sodium hydroxide solution 
of varying concentrations. This result is incorrect for two reasons, 
(a) the solubility values used were those obtained after vigorous 
shaking for some hours, and (6) the solubility of lead monoxide 
in water as used by these authors is much too high (compar 
Pleissner, Arb. Kaiser. Gesundh.-Amt., 1907, 26, 384). A series of 
determinations of the solubility of lead monoxide in solutions of 
sodium hydroxide was therefore carried out by the method described 
on page 1693. Solutions of sodium hydroxide (free from carbon 
dioxide) of varying concentrations were shaken with dry lead 
hydroxide in order to obtain solutions supersaturated with respect 
to the monoxide (the small amount of water added in this way W4 
regarded as negligible). The clear liquids were drawn off into bottles 
containing the red lead monoxide, which were then placed in 
thermostat at 25°. The solutions were analysed from time to tm, 
until constant values were obtained. 
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In the more concentrated solutions the lead was estimated as 
sulphate. With sodium hydroxide solutions of normality 0-2 or 
ess, the lead was precipitated as peroxide by means of bromine 
water, the precipitate was well washed with boiling water (cold 
water tends to give colloidal filtrates), and the lead estimated 
iodometrically. 

TaBLeE II. 
All concentrations are expressed in gram-mol. per litre at 25°. 


Concn. of PhO in Sodium Residual ; 
NaOH. solution. plumbite. NaOH. ,_ Concn.of HPbO,’_ _ (¢,—¢o) 
(C) (c,). (cy—Cy). (C—cy+c9)."  Conen. of OH’ ~ (C—c +09) 
09985 0°0349  0°03464 0°9639 0:0359 
04993 0°0195 0°01924 0°4801 0:0401 
01177 0°00506 0°00481 0°1129 0°0425 
00499 0:00230 0°00204 0°0479 0°0426 


The solution of lead oxide in sodium hydroxide may be repre- 
sented by the equation 


PbO (solid) + OH’ == HPbO,’ 


(Berl and Austerweil, loc. cit.; Hantzsch, Zeitsch. anorg. Chem., 
192, 30, 305), the equilibrium constant being given by 


k = [HPbO,']/[OH’]. 


The concentration of plumbite ion (HPbO,’) may be assumed 
equal to the additional solubility of lead monoxide in sodium 
hydroxide solution, over and above that of the ordinary solubility 
in water, multiplied by the degree of ionisation of sodium plumbite 
at each concentration. If c, is the solubility of lead monoxide 
in sodium hydroxide of concentration C, «, and « the degrees 
of dissociation of plumbite and hydroxide solutions respectively, 
and ¢) the solubility of lead oxide in water, we have 
[HPbO,’] = (cy — cg). 

The total concentration of OH’ originally present is given by Ca, 
but as a certain quantity is used up in forming plumbite, the actual 
concentration is given by (C — c, + ¢»)«. Since sodium hydroxide 
aid plumbite contain a common ion, they will probably be ionised 
to the same extent in a solution containing both of them. For 
purposes of calculation we will assume that « and «, are equal, 
ai assumption which may not be quite true in the more concentrated 
(Cy — Co) 


solutions. ion, & = 1 —“0"_ 
utions. We thus obtain the expression, & (—c, +0)" 


In connexion with the solubility in water of lead monoxide, 
there is some uncertainty. Pleissner has shown that determina- 
tions of solubility by the conductivity method are useless, and only 
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those in which lead has been estimated by chemical methods ay 
worth consideration. Berl and Austerweil (loc. cit.) found , 
solubility of 1-02 x 10° gram-mol. per litre for lead oxide mah 
by heating lead carbonate at 400°. This figure is very much highe 
than any other to be found in the literature for the solubility ¢ 
lead oxide in water, and is possibly due to exceptional fineness 
division. Milbauer (Chem. Zeit., 1909, 33, 960) has found tha 
the lead oxide prepared from lead carbonate absorbs oxygen in 
the formation of red lead, far more rapidly than any other form ¢ 
the monoxide: this fact confirms the above suggestion. Th 
value for the solubility of lead oxide used in these calculations was 
obtained as follows. In some work to be published later, the 
author has found that the ratio of the solubilities of lead hydroxid 
and the red monoxide in sodium hydroxide of the same concen. 
tration is about 1-75 and is almost independent of the concentration 
of the sodium hydroxide. Assuming this ratio to hold in the cas 
of water, and using Pleissner’s (loc. cit.) most trustworthy value 
for the solubility of lead hydroxide, 0-45 x 10° gram-mol. per 
litre (at 18°), we arrive at a value of 0-25 x 10° gram-mol. per 
litre for the solubility of the red lead monoxide. This value agrees 
very well with Berl and Austerweil’s value for the solubility of lead 
oxide in water at 18°, 0-26 x 10° gram-mol. per litre. Although 
these authors did not use this value, it is probably the most accurate 
available and will be used in these calculations for 25°; the difference 
of temperature will not cause serious errors. Attention may be 
directed to the fact that Pleissner obtained for the solubility of the 
yellow form a value of 0-30 x 10° gram-mol. per litre; the ratio 
between this and 0-26 x 10° is not very greatly different from that 
of 39 to 35, the ratio of the solubilities of the red and yellow forms 
of lead oxide in N-sodium hydroxide. 

Using the values as explained, we arrive at the fifth column d 
Table II for the value of the equilibrium constant &. The first 
value 0-0359 is probably low for the reason that « and «, are not 
equal in the more concentrated solution. The value for the con 
stant & to be used.in these calculations is 0-0425. 

Lead monoxide in solution may be considered as follows : 


PbO + H,O = Pb(OH), == H’ + HPbO,’ 
(Hantzsch, loc. cit.), and the dissociation constant as an acid is 


given by 
x, —(H'YHPbO,’]_ _K,[HPbO,’] __Kyk 
‘"~ [Pb(OH),] ~ [Pb(OH),][0H’] — [Pb(OH),] 


where K,,, the dissociation constant of water, is 0°81 x 10" at 25°. 
The value of [Pb(OH),] is taken as equal to the solubility of lead 


WECHANISM OF THE ACTION OF FUSED ALKALIS. PART Il. 1697 


monoxide in water; substituting this and the known values of K, 
and &, we obtain K, = 1-32 x 10°. 


Summary. 


(1) The suggestion is put forward that the yellow forms of lead 
monoxide are really agglomerates of small particles, which are 
almost identical with the finely divided red form. Solubility 
determinations and microscopic examination confirm this view. 

(2) The energy at the surface of separation of lead monoxide 
and N-sodium hydroxide is calculated as 1860 ergs per sq. cm. 
at 20°. If water replaces sodium hydroxide solution, the value 
does not differ greatly. 

(3) The dissociation constant of the acid H*HPbO,, produced by 
dissolving lead oxide in water, is 1-32 x 107! at 25°. 


The author wishes to thank Professor Allmand for suggesting 
this series of investigations, and for criticism and advice given 
throughout the course of this work. 


Usiversiry oF LONDON, 
Kine’s COLLEGE. [Received, May 9th, 1921.] 


(XCIII.—The Mechanism of the Action of Fused 
Alkalis. Part II. The Action of Fused Potassium 
Hydroxide on Phenylglyceric Acid. 


By (the late) Henry Ronpex Le Svreur and Cyrit 
CHRISTIAN Woop. e 


luz conversion of dihydroxystearic acid (I) into «-hydroxy-a- 
-§ <tylsebacic acid (III) by the action of molten potassium hydroxide 
(le Sueur and Withers, T., 1914, 105, 2800) involves the preliminary 
frmation of a dihydroxyoctyldecoic acid (II) isomeric with the 
irst-named substance, followed by oxidation : 


C,H,,-CH(OH)-CH(OH)-C,H,,CO,H (1) —> 
HO-CH,-C(C,H,,;)(OH)-C,H,,CO,H (IL) —> 
CO,H-C(C,H,,)(OH)-C,H,,CO,H (IIL) 
By similar transformations, dihydroxybehenic acid was converted 
ito a-hydroxy-«-octyldodecanedicarboxylic acid (loc. cit.), and 
twas therefore resolved to ascertain whether phenylglyceric acid 
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(IV), in which the octyl group is replaced by phenyl, and the p. 
maining unsubstituted aliphatic chain is eliminated, would undergy 
conversion into phenyltartronic acid (V), or products of its decom. 
position : 
C,H,*CH(OH)-CH(OH)-CO,H (Iv.) —> 
HO-CH,°C(C,H;)(OH)-CO,H —> CO,H-C(C,H;)(OH)-CO,H y, 


It soon became evident that the change takes an entirely different 
course, neither phenyltartronic acid, nor degradation products 
thereform such as phenylglycollic acid and benzyl alcohol, being 
obtained. At a temperature approaching 250° approximately 
equivalent amounts of benzoic and oxalic acids were produced, 
whilst under less drastic treatment (160—170°) the principal 
aromatic product was toluene, accompanied by an equivalent 
amount of oxalic acid and very much smaller quantities of benzoir, 
formic, and acetic acids; in each case 30—40 per cent. of the original 
material was lost. On heating the system at the lower temperatur 
under reduced pressure, however, a remarkable alteration in the 
course of the change was effected, the aromatic group appearing as 
isohydrobenzoin (VI), accompanied by nearly two molecular pro- 
portions of oxalic acid and a subsidiary quantity of benzoic acid: 


CgH,-CH(OH)-CH(OH)-CO,H _, 5°0,H | anne - 
C,H,*CH(OH)-CH(OH)-CO,H O.H ' C,H,-CH-OH 


Under the conditions observed, almost all the water was removed 
from the system}before the temperature had reached 150°, and a 
the visible action does not begin below that stage, it seems highly 
probable that the great divergence from previous experiments must 
be¥due to this cause. Examination was made for tartaric acid 
which might have been expected to accompany isohydrobenzoit, 
but that substance could not be found. 

The formation of toluene would be explained by simultaneow# 
reduction and oxidation, recalling that by which benzyl alcohol and 
benzoic acid arise together from benzaldehyde, leading in this cast 
to phenylpyruvic acid (VII) as an intermediate stage : 

C,H,;-CH(OH)-CH(OH)-CO,H —> 'C,H,°CH,*CO-CO,H ? 
C,H;°CH, + (CO,H),. 


Search was accordingly made for phenylpyruvic acid, but it way 
only when phenylglyceric acid was heated under reflux during may} 
hours with a concentrated solution of potassium hydroxide that 9 
small quantity of material giving the characteristic coloration 
ferric chloride was obtained. 
The profound alterations consequent on varying the conditios 
of the foregoing oxidation emphasise once more the uncertainty “7 


MECHANISM OF THE ACTION OF FUSED ALKALIS. PART I. 1699 


molten potassium hydroxide in its action on organic substances, the 
result of which can be accepted only as corroborative evidence in 
questions of constitution when harmonising with those from sources 
less under suspicion. 


ExPERIMENTAL. 


A preliminary experiment showed that the action of fused 
potassium hydroxide on phenylglyceric acid does not give rise to 
efervescence until a temperature approaching 150° is reached, 
when the odour of toluene is noticeable; thereafter, at about 180°, 
the action becomes difficult to control, and the pasty mass remaining 
after nine minutes have elapsed in reaching 200° contains potassium 
benzoate and oxalate. More precise conditions were therefore 
defined. 

At a Temperature of 160—170°.—Ten grams of phenylglyceric 
acid with 50 grams of potassium hydroxide and 20 c.c. of water in a 
retort connected with a condenser were heated during fifty-four 
ninutes by a bath of fusible metal at 160—170°, action at first being 
very vigorous. Toluene (3°3 grams) passed over in the steam and, 
when isolated, distilled completely at 110—111° (Found: C = 91:3; 
H=88. C,H, requires C= 91:3; H-=8-7 per cent.). The 
rsidue in the retort having been dissolved in water, aliquot parts 
of the solution were examined separately and quantitatively for 
benzoic, and for oxalic and formic acids, the amounts estimated 
being 0-68, 3-4, and 0-11 gram respectively; the presence of acetic 
aid was demonstrated qualitatively. Hence the toluene and 
oxalic acid were produced in equivalent amounts, and the extent 
in, ql Conversion was about 68 per cent. 

At a Temperature of 240—250°.—Potassium hydroxide (50 grams) 
and water (20 c.c.) in a nickel crucible were heated by fusible metal, 
id when the temperature had reached 240—250° phenylglyceric 

id (10 grams) was added in small quantities with continued 

uring during twenty minutes, liberation of benzoic acid vapour 
“ing recognisable. The cold, faintly green product was dissolved 

1150 ¢.c. of water and acidified with 68 c.c. of hydrochloric acid, 

ten benzoic acid was precipitated; the quantity, making allow- 
ue for solubility in water, amounted to 4 grams, and the filtrate 
ontained 3-1 grams of oxalic acid. Thus the acids were produced 

‘approximately equivalent amounts, the deficit of benzoic acid 

‘ig doubtless due to volatilisation during fusion; the extent of 
mversion was about 60 per cent. 

4t 170—180°, under Reduced Pressure.—Phenylglyceric acid (5 
ams), potassium hydroxide (25 grams), and water (10 c.c.) were 
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heated in a distilling flask which was evacuated through a con. 
denser. By controlling the temperature of the castor-oil bath at 
170—180°, the pressure was maintained during ten minutes a 
25 mm., but this reduction was not reached until almost all the water 
had been removed. The oil which distilled was negligible, and the 
colourless residue in the flask having been extracted with water 
and acidified, isohydrobenzoin (1-9 grams), benzoic acid (0-2 gram), 
and oxalic acid (I°2 grams) were'recognised. Thus the quantity of 
tsohydrobenzoin indicated a conversion of 65 per cent., but the 
amount of oxalic acid, whilst exceeding one equivalent, fell some. 
what short of that corresponding with two molecular proportions. 

Since benzoic acid and isohydrobenzoin melt at the same tempera- 
ture (121°), identity of the latter substance was established by 
analysis and by determination of molecular weight in boiling 
acetone (Found: C= 78-60; H=6-59. M= 213. C,,H,,0, 
requires C = 78-50; H = 6-54 percent. M = 214). The diacetyl 
derivative melted at 117—118° (Found: C = 72-29; H = 60. 
C,,H,,0, requires C = 72-48; H = 6-04 per cent.). 

CueEMIcAL LABORATORY, 

Sr. Tuomas’s Hospirar, 8.E.1. [Received, September 24th, 1921.] 


CXCIV.—ortho-Chlorodinitrotoluenes. Part IV. 
2-Chloro-3 : 4-dinitrotoluene. 


By GitBert T. Morcan and Tuomas GLover. 
y 


In an earlier communication (T., 1920, 117, 784) the number d 
known o-chlorodinitrotoluenes was increased from two to foul, 
these isomerides being obtained by nitrating o-chlorotoluene # 


its mononitro-derivatives. The remaining two isomerides may alog) 


occur to a small extent among the crude nitration products, bug 
hitherto these compounds have escaped detection. 
2-Chloro-3 : 4-dinitrotoluene (III), melting at 89°, has now been 
prepared indirectly by the Sandmeyer reaction from 3 : 4-dinitr 
o-toluidine (II), a base recently described by Brady and William 
(T., 1920, 117, 1137), and with the isolation of this new isomeriddl 
the three theoretically possible o-dinitro-derivatives of o-chlom 
toluene have been obtained, so that the reactions of this set ! 
closely related isomerides may be compared. 
| When treated with ammonia or aniline, 2-chloro-3 : 4-dinitt 
toluene readily furnishes an amine in which the 3-nitro-group ® 
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replaced quantitatively by the basic radicle. 2-Chloro-4-nitro-m- 
ioluidine (V1) and 2-chloro-4-nitro-N-phenyl-m-toluidine (IV) are 
obtained respectively, and the orientation of the amino- and 
phenylamino-groups has been demonstrated by the methods 
summarised in the following diagram : 


CH, CH, 
/ \NH, 
| INo; 


It is noteworthy that the two consecutively substituted isomer- 
ides, 2-chloro-3 : 4-dinitrotoluene and 2-chloro-5 : 6-dinitrotoluene, 
having the two contiguous nitro-groups at one end or the other of 
the consecutive series of substituents each lose the interior (3- or 
6-) nitro-group only and give rise to one amine (IV and VI) when 
treated with ammonia or aniline. On the contrary, 2-chloro-4 : 5- 
initrotoluene, which has its contiguous nitro-groups separated from 
the other substituents, furnishes on treatment with ammonia a 

ixture of amines, as recently demonstrated (this vol., p. 1537), 
fhowing that each nitro-group in this isomeride is possessed of a 
ertain degree of lability. 

Hydrazine hydrate reacts with 2-chloro-3 : 4-dinitrotoluene 
ving 4-chloro-1-hydroxy-5-methyl-1 : 2: 3-benzotriazole (V), in 

lich it is assumed, from analogy with the condensation with 
a-Umonia, that this diamine replaces the 3-nitro-group and con- 
eises with the 4-nitro-group to complete the triazole ring. 2- 
lloro-3 : 4-tolylenediamine (VIII), obtained by the reduction of 
'chloro-4-nitro-m-toluidine, gives the typical reactions of an ortho- 
amine, condensing with benzil to yield 5-chloro-2 : 3-diphenyl- 

methylquinoxaline (IX). 

These condensations show that the two nitro-groups in 3: 4- 

3N2 
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dinitro-o-toluidine are actually in ortho-positions to one another, J 4 
and since the starting point in these researches is 4-nitroaceto-o. Fo 
toluidide (X), it follows that the entrant nitro-group must be in § p 
position 3 or 5. The latter position is excluded because of the 
simultaneous formation of the isomeric 3:4- and 4: 5-dinitro. 
aceto-o-toluidides (I and XI) (Brady and Williams, Joc. cit.). The 


CH, CH, CH, CH, § 4 
“\n /A\NH Ac \qy ft 
( )NHAc _, os INHAc __, eid NH, _, a we 
\Z site A a / NOX / Fi 

(X.) (XI.) (XIL.) (XIIL.) nit 


latter acetyl-4 : 5-dinitro-derivative, on hydrolysis, gives 4:5. § dig 
dinitro-o-toluidine (XII), which has now (p. 1703) been converted § anc 
into 2-chloro-4 : 5-dinitrotoluene (XIII). Since the other dinitro- J whi 
o-toluidine (II) derived from 4-nitroaceto-o-toluidide (X) leads to  solt 
an ortho-diamine (VIII), it follows that the entrant nitro-group is in J ext 
position 3. The constitution of the new 2-chloro-3 : 4-dinitro- J Thi 
toluene is therefore completely demonstrated. whi 


EXPERIMENTAL. 


The nitration of 4-nitroaceto-o-toluidide was carried out by the § aceti 
method described by Brady and Williams (/oc. cit.), and the mixture J obta 
of 3: 4-dinitro- and 4 : 5-dinitro-aceto-o-toluidides was hydrolysed § furth 
and separated as follows. Ninety-two grams of the mixture wer 2-( 
heated for six hours on the water-bath with 360 c.c. of concentrated § tion, 
sulphuric acid diluted with 720 c.c. of water. The precipitate 
(42 grams) which had separated on cooling was washed successively 
with 50 per cent. sulphuric acid and with water ; it was then crystal: 
lised twice from absolute alcohol and twice from 50 per cent. alcohol, 
when purified 3 : 4-dinitro-o-toluidine (32 grams) was obtained, 
melting at 130°. 

The acid filtrate from the crude 3: 4-dinitro-compound, wiien 
diluted with water, furnished 17 grams of crude 4: 5-dinitro-0- 
toluidine, which, after repeated crystallisation from alcohol, melted 
at 190°, the yield of purified base being 13 grams. 3 : 4-Dinitro- 
aceto-o-toluidide was prepared by adding a drop of concentrated 
sulphuric acid to 1 gram of 3: 4-dinitro-o-toluidine in 3 c.. of 
acetic anhydride; the base dissolved with considerable generatiol 
of heat and the greater part of the acetyl derivative crystallised out 
immediately. Water was then added and the product crystallise 
repeatedly from dilute acetic acid, when it separated in brittle 
yellowish-white needles melting at 186° (Found: N= 17% 
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C,H,O;N, requires N= 17-57 per cent.). 4: 5-Dinitroaceto-o- 
toluidide, prepared and purified as in the preceding preparation, was 
obtained in colourless needles melting at 180° (Found: N = 17-80 
per cent.). 


2-Chloro-3 : 4-dinitrotoluene (III). 


Twenty grams of 3 : 4-dinitro-o-toluidine, 50 ¢.c. of concentrated 
hydrochloric acid, and 300 c.c. of absolute alcohol were heated on 
the water-bath for thirty minutes and treated with 100 c.c. of 10 
per cent. cuprous chloride, prepared by reducing with copper 
10 grams of copper carbonate in 100 c.c. of concentrated hydro- 
chloric acid. To the warm solution at 70°, 30 grams of sodium 
nitrite in 100 c.c. of water were slowly added from a tap-funnel 
dipping below the surface of the liquid. The alcohol was evaporated 
and the residual oil allowed to solidify over-night to a brown mass, 
which was washed with water, dissolved in absolute alcohol, and the 
solution taken to dryness on the water-bath. The dried residue was 
extracted three times with 60 c.c. of boiling petroleum (b. p. 80°). 
This extract was concentrated to 20 c.c., when an oil separated 
which solidified on cooling. The product, after draining on porous 
tile, was dissolved in 50 c.c. of boiling glacial acetic acid, the solution 
cooled to 60°, and diluted with water until cloudy. The solid which 
separated on cooling was repeatedly submitted to this process with 
acetic acid and water until pure 2-chloro-3 : 4-dinitrotoluene was 
obtained. The filtrates at each stage of the process were diluted 
further with water to obtain additional crops of the product. 

2-Chloro-3 : 4-dinitrotoluene, obtained by this process of purifica- 
tion, separated in colourless needles melting at 89°; a mixed 
melting point with an equal weight of 2-chloro-4 : 5-dinitrotoluene 
(m. p. 88-5°) gave 55° (Found: N = 13-28, 13-14; Cl = 16-58. 
C,H;0,N,Cl requires N = 12-93; Cl = 16-37 per cent.). 

2-Chloro-3 : 4-dinitrotoluene dissolved readily in acetone, benzene, 
chloroform, or acetic acid, but was more sparingly soluble in 
petroleum. The following colour changes were observed: with 
warm aqueous sodium hydroxide, yellow (transparent), yellowish- 
brown (tr.), brownish-red (tr.); with alcoholic sodium hydroxide, 
pale green (tr.), dark green (tr.), greenish-black (opaque), brownish- 
black (op.) and after heating and leaving for two hours, pale red 
(tt.); with alcoholic ammonia, faint yellow (tr.). 


2-Chloro-4 : 5-dinitrotoluene from 4 : 5-Dinitro-o-toluidine. 


The foregoing experiment was repeated on 4 : 5-dinitro-o-toluidine ; 
the crude chloro-compound was extracted successively with alcohol, 
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petroleum (b. p. 80°), and dilute acetic acid. Repeated crystallis. 
tion from the last of these solvents yielded 2-chloro-4 : 5-dinitro. 
toluene in colourless needles melting at 87°. This product wa 
identified by a mixed melting point with a specimen obtained by 
nitrating 2-chloro-4-nitrotoluene. 


Reactions of 2-Chloro-3 : 4-dinitrotoluene with Bases. 


(1) 2-Chloro-4-nitro-m-toluidine (V1).—2-Chloro-3 : 4-dinitrotolu. 
ene was dissolved and left for fourteen days in about sixty parts 
of absolute alcohol saturated with ammonia. The solution acquired 
a yellow colour, and on dilution with an equal bulk of water gave a 
yellow solid which, after two crystallisations from dilute alcohol, 
separated in lustrous, golden-yellow needles melting at 105°; the 
yield was quantitative (Found: N = 14-94. C,H-,0O,N,CI requires 
N = 15-02 per cent.). 

2-Chloro-4-nitro-m-toluidine was readily soluble in alcohol, 
acetone, chloroform, or benzene, but dissolved less readily in light 
petroleum. With alcoholic sodium hydroxide, it gave a deep 
orange-red coloration. 

The substitution of the amino-group for the 3-nitro-radicle in 
2-chloro-3 : 4-dinitrotoluene was demonstrated in the following 
manner: 2-Chloro-4-nitro-m-toluidine (0-4 gram) was dissolved in 
a mixture of 7 c.c. of concentrated sulphuric acid and 8 c.c. of water; 
0-4 gram of powdered sodium nitrite was added slowly to the mixture 
cooled to —5°. Small fragments of ice were then gradually intro- 
duced, the nitrite dissolved, and when 20 grams of ice were added 
the diazotisation was complete. The solution was then added to 
20 c.c. of boiling alcohol and the mixture boiled for a few minutes. 
The alcohol was evaporated and the residue distilled in steam. The 
oily distillate solidified, and was identified as 2-chloro-4-nitro- 
toluene by a mixed melting point with a standard specimen (m. Pp. 
65°). The alcoholic distillate and the residue in the distilling-flask 
gave further quantities of 2-chloro-4-nitrotoluene, the total yield 
being 70 per cent. 

(2) 2-Chloro-4-nitro-N-phenyl-m-toluidine (IV).—2-Chloro-3 : 4-di- 
nitrotoluene (0-75 gram) and 2 c.c. of aniline were dissolved in 50 c.. 
of absolute alcohol and boiled under reflux for twenty hours. The 
solution became successively yellow and dark red, while a tarry 
product separated. Water and dilute hydrochloric acid were then 
added, the excess of aniline was dissolved, and the solid residue, 
which acquired a pink colour, crystallised in succession from alcohol 
and petroleum (b. p. 80°); the latter solvent did not dissolve the 
tar. The orange-red residue from the petroleum extract Wa 
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crystallised repeatedly from dilute alcohol, when it separated 
in orange-red needles melting at 95° (Found: WN = 10°78. 
(gH,,0.N,Cl requires N = 10-67 per cent.). 

2-Chloro-4-nitro-N-phenyl-m-toluidine was readily soluble in 
acetone, chloroform, benzene, or alcohol, but less soluble in light 
petroleum. In hot concentrated sulphuric acid, this base developed 
successively violet, purplish-red, deep red, and, finally, brownish- 
black colorations. The orientation of the phenylamino-group in 
the preceding base was demonstrated as follows : 

2.Chloro-4-nitro-m-toluidine (0-2 gram), 1 c.c. of bromobenzene, 
0:1 gram of anhydrous potassium carbonate, and a trace of cuprous 
iodide in 10 c.c. of nitrobenzene were boiled under reflux for twenty 
hours. The dark reddish-brown solution was distilled in steam 
to remove nitrobenzene and excess of bromobenzene, and the 
residual oil dissolved in absolute alcohol. The alcoholic extract 
was evaporated to dryness and the residue extracted repeatedly 
with hot petroleum (b. p. 80°). This extract was also evaporated 
to dryness and the residue crystallised repeatedly from dilute 
alcohol, when orange-yellow needles were obtained melting at 89°. 
This melting point was not depressed by mixing the product 
with the pure 2-chloro-4-nitro-N-phenyl-m-toluidine (m. p. 95°). 
Hence the two preparations give rise to identical substances: and 
the orientation of the N-phenylamino-group in position 3 is 
confirmed. 

2-Chloro-3 : 4-dinitrotoluene did not condense with m-nitro- 
aniline to give a substituted tolylphenylamine derivative, in this 
respect differing from 2:3: 4-trinitrotoluene, which condenses 
with m-nitroaniline on prolonged heating (Proc. Roy. Irish Acad., 
1918, 31, 103). 

(3) 4-Chloro-1-hydroxy-5-methyl-1 : 2 : 3-benzotriazole (V).—Hydr- 
azine hydrate (0-5 c.c. of 50 per cent. solution) dissolved in 1-5 c.c. 
of absolute aleohol was added to 0-5 gram of 2-chloro-3 : 4-dinitro- 
toluene in 4 e.c. of boiling alcohol. The solution reddened, a 
Vigorous reaction set in lasting about a minute, and the liquid 
became yellow. On cooling, the mixture became semi-solid from 
the separation of a colourless, crystalline product, which, after 
recrystallisation from absolute alcohol, separated in colourless 
needles decomposing somewhat indefinitely at 218—225° (Found : 
N= 32-61. The hydrazine salt, C;H,ON,CI1,N,H,, of the hydroxy- 
triazole requires N = 32-49 per cent.). 

The concentrated aqueous solution of this hydrazine salt was 
acidified with hydrochloric acid, when the hydroxytriazole separated. 
It crystallised from dilute alcohol in colourless, hexagonal plates 
darkening at 208° and melting with vigorous decomposition at 
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M 
210—212° (Found: N = 22-95. C;H,ON,Cl requires N = 22.83 
per cent.). 
This hydroxytriazole was sparingly soluble in cold water, bu 
dissolved readily in alcohol; its hydrazine salt was very soluble jn 
cold water, and sparingly soluble in cold alcohol; it deflagrated on 
heating. A 
on 
2-Chloro-3 : 4-tolylenediamine (VII1). qu 
Zine dust (0-5 gram) and 0-4 gram of ammonium chloride were - 
added to 0-8 gram of 2-chloro-4-nitro-m-toluidine in 12 c.c. of a 
alcohol and 4 c.c. of water. The mixture was refluxed for thirty is 
minutes, another 0-5 gram of zinc dust was added, and the heating di 
continued for a further thirty minutes, when the greenish-brown Ps 
liquid had become colourless. The zinc dust was quickly filtered the 
and the filtrate cooled in a freezing mixture and saturated with ati 
hydrogen chloride. The precipitated hydrochloride was dissolved 4. 
in cold, strong, aqueous sodium hydroxide, when the free diamine Em 
separated as a light brown oil which quickly solidified. Repeated I 
crystallisation from petroleum (b. p. 80°) yielded the diamine in rm 
pale brown needles melting at 55—56° (Found: N=172§ |. 
C,H,N,Cl requires N = 17°89 per cent.). 187 
2-Chloro-3 : 4-tolylenediamine was very soluble in the ordinary 19 
organic media excepting light petroleum; it was readily oxidised Smi 
when its alcoholic solution was exposed to air. aad 
loc. 
5-Chloro-2 : 3-diphenyl-6-methylquinoxaline (IX). oe 
One gram of 2-chloro-4-nitro-m-toluidine was reduced to 2 re 3 
chloro-3 : 4-tolylenediamine and the crude diamine added to | gram In 
of benzil in 10 c.c. of warm alcohol, the mixture being refluxed for § nap 
one and a half hours. On cooling the yellow solution, the quit § hot. 
oxaline separated as a pale yellow solid which, after two crystallis- § 40, | 
tions from alcohol, was obtained in clusters of yellowish-white § not 1 
needles melting at 143° (Found: N = 8-69. C,,H,;N,Cl requires § lenes 
N = 8-47 per cent.). This quinoxaline developed a red coloration & possi 
with cold concentrated sulphuric acid. ts 
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CXCV.—Dinaphtha-1 :7:1' :'7’-diquinone. 


By Gitsert T. Morcan and Duptey CLorre Vinine. 


AurHouGH at least six naphthaquinones are theoretically possible, 
only three have so far been isolated, namely, «- or 1 : 4-naphtha- 
quinone, @- or 1 : 2-naphthaquinone, and amphi- or 2 : 6-naphtha- 
quinone, all of which can be obtained by the oxidation of the 
corresponding dihydroxynaphthalenes. The pert- or 1 : 8-naphtha- 
quinone of Meldola and Hughes was subsequently shown by 
Liebermann and Schlossberg to be 2: 2’-dinaphtha-1:4: 1’: 4’- 
diquinone (T., 1890, 57, 393, 631; Ber., 1899, 32, 546, 868), and 
there is at present little evidence for the existence of derivatives of 
the 1 : 8-quinone (compare Quincke, Ber., 1888, 21, 1460). Deriv- 
atives of 2: 3-naphthaquinone have been described, for example, 
4-chloro - 6 - bromo - 1 - methyl -2 :3-naphthaquinone (Fries and 
Empson, Ber., 1909, 42, 3375). 

In addition to the three naphthaquinones there are known to be 
two diquinones containing dinaphthyl residues, namely, 1: 1’- 
dinaphtha-3 : 4 : 3’ : 4’-diquinone (Stenhouse and Groves, Annalen, 
1878, 194, 205; 'T., 1878, 33, 415; Zincke and Rathgen, Ber., 1886, 
19, 2483) and 2: 2’-dinaphtha-1 : 4: 1’: 4’-diquinone (Staub and 
Smith, T., 1885, 47, 104; Chattaway, ¢bid., 1895, 67, 657;- Witt 
and Dedichen, Ber., 1897, 30, 2663; Liebermann and Schlossberg, 
loc. cit.; Meldola and Hughes, loc. cit.). These diquinones are 
produced by oxidising various compounds containing only one 
naphthalene nucleus and indicate a tendency for two naphthyl 
residues to coalesce during oxidation. 

In 1907, Willstiitter and Parnas succeeded in obtaining 2 : 6- 
naphthaquinone by the oxidation of 2 : 6-dihydroxynaphthalene in 
hot anhydrous benzene with excess of lead peroxide (Ber., 1907, 
40, 1406), but their paper contains no indication as to whether or 
not they extended their investigation to other dihydroxynaphtha- 
lenes which might be expected to furnish the remaining, theoretically 
possible naphthaquinones.* : 

* Since this paper was communicated to the Society, Professor Barger 
has kindly lent me (G.T.M.) a copy of the dissertation by Parnas (Munich, 
1908), from which it appears that oxidation experiments were made on 1 : 7-, 
1;8-, and 1: 5-dihydroxynaphthalenes. In the case of the first of these the 
thesis states : 

“Bleisuperoxyd wirkt nicht ein; es wurde bei Oxydationsversuchen 
damit immer nur wenig unreines Ausgangmaterial zuriickgewonnen; nichts 
liefs auf die Bildung eines Chinons schliefsen.” 


There is also a reference to a transient violet coloration produced by silver 
oxide on the 1 : 7-isomeride in ethereal solution. 


3n* 
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The experiments recorded in the present research were carrie( 
out on 1 : 7-dihydroxynaphthalene (I), which on oxidation should 
yield by a rearrangement of single and double linkings the unknow 
1 : 7-naphthaquinone (IT) 

OQ 
OH Pn 
va} an shone 
W\F 
(I.) 


In this case, however, oxidation proceeded a stage further, and 
the product obtained in a yield of about 5 per cent. proved to 
be a new diquinone, dinaphtha-1 : 7: 1’ : 7'-diquinone, where the 
numbering refers to the original orientation of the quinonoid 
oxygen atoms. It has not been found possible to determine with 
certainty the positions at which the condensation of the two 
naphthalene nuclei has occurred, although the steric hindrance 
noticeable in the formation of dinaphtha-1: 7: 1’ : 7’-diquinone. 
dioxime, Cy 9H, 90,(NOH),, suggests a grouping together of the 
ketonic radicles as shown in formula III. Structural formula IV 
is not, however, altogether excluded, but the configuration V is 
rendered very improbable by the fact that the diquinone was not 


obtained by the oxidation of 1 : 6-dihydroxynaphthalene. If the 
diquinone is derived from a condensation of 6- or 7-hydroxy-l : 4 
naphthaquinone, then both 1 : 6- and 1 : 7-dihydroxynaphthalenes 
should yield it. 

Dinaphtha-1 : 7:1’: 7’-diquinone forms a well-defined, yellow 
benzene additive compound, Cy9H4904,CgH,; the combined hydro- 
carbon is eliminated on exposure to the atmosphere or more rapidly 
on warming. The benzene-free diquinone is obtained in pale 
orange crystals which are thermotropic, becoming bright red on 
heating to 160°. This colour change is reversed on cooling. 

Owing to the small yield of dinaphtha-1:7: 1’ : 7’-diquinone 
obtainable from 1: 7-dihydroxynaphthalene the total amount of 
this oxidation product at our disposal for the following experiments 
did not exceed 3-5 grams, and on this account the constitution of 
the diquinone was not completely demonstrated. But preliminary 
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investigations showed that two promising lines of research are 
suggested by a study of the reduction products of the diquinone. 

1:7: 1’: 7'-Tetrahydroxydinaphthyl, CygH,9(OH),, is produced 
almost quantitatively by reducing the diquinone with amalgamated 
aluminium or hydriodic acid. The diquinone is not reduced by 
sulphurous acid, but distillation with zinc dust leads to the formation 
of an extremely stable, volatile substance subliming and crystallising 
in yellow needles; this product is probably a quinonoid compound 
arising from the partial deoxidation of the diquinone. 


ExPERIMENTAL. 


1: 7-Dihydroxynaphthalene (Emmert, Annalen, 1887, 241, 371).— 
The crocein salt (sodium £-naphthol-8-sulphonate) employed as 
the starting material in these experiments was presented to us by 
the British Dyestuffs Corporation, to whom and to Mr. J. Baddiley 
of this firm our best thanks are tendered. Four hundred grams of 
it per cent. crocein salt were added during thirty minutes to 1,200 
grams of fused potassium hydroxide at 230—240°.. The tempera- 
ture was then raised to 250° and maintained at 245—255° for 
thirty minutes, the fused mass being thoroughly stirred. The 
cooled fusion, broken into small pieces, was dissolved in 2,800 c.c. 
of water and acidified with 1,840 c.c. of concentrated hydrochloric 
aid. The tar was separated and extracted in a Soxhlet apparatus 
vith chloroform. The aqueous solution on cooling yielded 1 : 7- 
dihydroxynaphthalene, and more of this product was obtained by 
extraction with chloroform. The yield of 1 : 7-dihydroxynaphtha- 
lne from tar and aqueous liquors was upwards of 40 per cent. of 
the theoretical amount. When purified by repeated crystallisation 
from benzene, 1 : 7-dihydroxynaphthalene was obtained in almost 
colourless needles melting at 178°. 

Lead Dioxide —A rapid stream of chlorine was passed into a well 
stirred, aqueous solution (900 c.c.) of lead acetate (190 grams) 
and sodium hydroxide (100 grams). The chocolate-brown lead 
tioxide was collected, washed, dried, finely powdered and again 
tried to constant weight at 120°. This preparation was very 
active, and ignition accompanied by slight explosions occurred on 
nubbing the dioxide in contact with organic materials. 

Purified Benzene-—Good commercial benzene was_ treated 
successively with sulphuric acid, chromic acid mixture, sodium 
hydroxide, and water. It was then dried over calcium chloride, 
tlluxed over sodium for two hours, and finally distilled fractionally 
ftom this metal. These precautions were proved to be necessary, 
for when 1: 7-dihydroxynaphthalene was oxidised in benzene 

‘ 3Nn* 2 
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containing toluene an appreciable amount of benzoic acid was 
isolated. This impurity did not appear in benzene freed from toluene, 


Oxidation of Dihydroxynaphthalenes with Metallic Peroxides. 


The experiments of Willstiitter and Parnas were repeated, 200 
grams of lead dioxide being used to oxidise 3 grams of 2: 6-di- 
hydroxynaphthalene, when yields of amphi(2 : 6-)naphthaquinone 
were obtained varying from 10 to 20 per cent. of the calculated 
amount. On replacing lead dioxide by nickelie oxide, the yield 
was diminished, and a negative result was obtained on employing 
the following oxidising mixture (CuO, 1 part; MnO,, 6 parts; 
Co,03, 3 parts; Ag,O, 1 part). 

1 : 6-Dihydroxynaphthalene was treated in cold dry benzene 
with lead dioxide, as described below for the 1 : 7-isomeride. The 
benzene filtrate was colourless and gave no residue on evaporation; 
there was no indication of quinone formation, and no unchanged 
dihydroxynaphthalene could be recovered. The oxidation had 
evidently taken a different course from that manifested in the 
following experiment. 

Oxidation of 1: 7-Dihydroxynaphthalene.—Preliminary — experi- 
ments showed that oxidation with lead dioxide in boiling benzene 
(Willstatter and Parnas, Joc. cit.) was too violent, the yield of di- 
quinone being only 0-5 to 1 per cent. A more favourable result 
was obtained as follows: Five grams of finely powdered 1:7- 
dihydroxynaphthalene were added all at once to 125 grams of 
freshly-prepared, well-dried lead dioxide suspended in pure dry 
benzene (400 c.c.) at the ordinary temperature; the mixture was 
shaken continuously for five minutes, when the temperature rose 
about 5°. The lead dioxide was collected rapidly, drained and 
returned to the reaction vessel with 100 c.c. of fresh benzene; the 
mixture was shaken for a further five minutes and filtered rapidly. 
The united filtrates, which were intensely yellow, were distilled 
under 20—30 mm. pressure to about 50 c.c., when the diquinone- 
benzene compound separated in well-defined, transparent, lemon- 
yellow, flat, elongated four-sided prisms with oblique ends. A 
further crop was obtained on the addition of petroleum (pb. Pp. 
40—60°); the highest yield obtained was 5-3 per cent. 

An air-dried specimen of the additive compound, when heated 
at 100° in a vacuum to constant weight, lost 20-26 per cent. 
CopH90,.C,H, requires C,H, = 19-90 per cent: The orange, 
benzene-free diquinone gave C = 76-44; H=3-71. CaHy 
requires C = 76-42; H =: 3-21 per cent. 

Molecular Weight Determinations.—Ebullioscopic method in 
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benzene: w/W = 1-10/100, At = 0-085°, whence M = 340; in 
acetone, w/W = 2-97/100, At = 0-176°, whence M = 289. 

Microscopic method (Barger, T., 1904, 85, 286), using acetone as 
solvent and benzil as standard substance. Comparable determina- 
tions were made with two of the simple naphthaquinones. 


a-(1 : 4)-Naphthaquinone, M = 159. Dinaphtha-1 : 7: 1’ : 7’-diquinone, 
g-(1: 2)-Naphthaquinone, M = 171. M = 279. 
C,,H,O, requires M = 158. C,,H,,0, requires M = 314, 


Dinaphtha-1 : 7 : 1’ : 7’-diquinone crystallised from solvents other 
than benzene in pale orange, square tablets; on heating, it com- 
menced to darken at 110°, and was bright red at 160°. At 214°, 
it became brown, and melted with decomposition at 217°. On 
cooling from 160°, the diquinone reverted to the pale orange form. 
When moistened with benzene or when exposed to the vapour of 
this hydrocarbon, it became yellow, owing to the formation of the 
benzene additive compound. ‘The resulting lemon-yellow crystals 
on exposure to air lost their transparency, and darkened in colour 
owing to partial loss of benzene; this elimination was completed 
after six days in a vacuum over paraffin wax. At 100° ina vacuum, 
the benzene was removed in fifteen minutes. 

The diquinone, which was inodorous and non-volatile, dissolved 
only sparingly in ether, alcohol, acetic acid, ethyl acetate, carbon 
tetrachloride, carbon disulphide, or chlorobenzene, but was slightly 
more soluble in benzene (1 in 250 at 20°, 1 in 100 at 80°) or chloro- 
form, and appreciably more so in acetone. With an alcoholic 
solution of guaiacum resin it developed a blue coloration; with 
concentrated sulphuric acid a brown, insoluble substance separated. 
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In nitric acid, it became bright red, dissolving to an orange solution, 
from which a reddish-brown precipitate was deposited on dilution. 

In view of the small yield of diquinone, search was made for 
pther products of the oxidation of 1 : 7-dihydroxynaphthalene. 
The benzene extract contained no other substance; the lead oxide 
residues gave no organic material on extraction with the ordinary 
vents, but on treatment with organic or mineral acids a con- 
siderable amount of carbon dioxide was evolved, indicating complete 
xidation of dihydroxynaphthalene to a carbonate. The acid 
iquor was yellow, and on extraction with ether or chloroform 
ielded a small amount of gummy residue smelling of benzoquinone 
id of a higher fatty acid. These results also pointed to far-reaching 
bxidation. 


Dinaphtha-1 : 7 : V’ : 7’-diquinonedioxime, CypH190,(NOH),. 


Hydroxylamine sulphate (0-35 gram) and potassium hydroxide 
15 cc. of 50 per cent. solution) were added in the cold to the 
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benzene-free diquinone (0-25 gram) in 12 c.c. of alcohol. The 
solution, which reddened immediately, was heated on the water. 
bath for three hours, cooled, filtered, and concentrated at the 
ordinary temperature in a vacuum. The dark red, scaly residue, 
when dissolved in alcohol, yielded on addition of water a red, 
crystalline powder, which crystallised from aqueous alcohol in 
brownish-red flakes having no melting point below 300° (Found: 
N = 8-00. Cy H,,0,N, requires N = 8-13 per cent.). Although 
more than sufficient hydroxylamine was used to give a tetraoxime, 
only the dioxime was actually obtained (yield 50 per cent.). 


Dinaphtha-1 : 7 : \’ : 7’-diquinonetetra-2 : 4-dinitrophenylhydrazone, 
Cop H of N-NH-C,H,(NO,)o],. 


The diquinone (0-2 gram) dissolved in 12 c.c. of hot glacial acetic 
acid containing 0-52 gram of 2 : 4-dinitrophenylhydrazine to a dark 
red solution, which after one hour was diluted with water, when a 
dark purple-brown powder was precipitated. The yellow mother. 
liquor was concentrated in a vacuum desiccator over soda-lime 
until a yellow, crystalline powder separated. Recrystallised from 
aqueous alcohol, this tetrahydrazone appeared in golden-yellow 
needles melting and decomposing at 193—194°, the yield being 
about 20 per cent. (Found: N = 22-05. C,,H,,0,;Ny,_ requires 
N = 21-67 per cent.). 

The less soluble, purple product (yield about 20 per cent.) was 
probably a dihydrazone; it separated from aqueous alcohol as a 
purple-brown, lustrous powder decomposing at 205—206°, but if 
could not be obtained definitely crystalline. 

Atfempts to isolate the anilide of the diquinone failed on accoutt 
of the uncrystallisable nature of the products. 


Reduction of Dinaphtha-1 :7:1':7'-diquinone: 1:7 
Tetrahydroxydinaphthyl, CogH 4 9(OH),. 


Freshly-prepared, moist amalgamated aluminium (made from 
aluminium wire) was added in portions of 2 grams to a solution a! 
the diquinone (0-5 gram) in 50 c.c. of moist ether and 25 c.. 
acetone in a reflux apparatus. After two hours, when the originally 
yellow solution had become colourless, the filtered liquid was washed 
with a little water, dried over calcium chloride, and distilled t 
dryness under 100 mm. pressure, the drying being finally completed 
in a vacuum desiccator. The oily residue solidified to a p# 
yellow, semi-crystalline mass, which was dried on porous tile and 
washed with a little benzene to remove a brown impurity. Ti 
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tetrahydroxydinaphthyl, thus obtained in almost theoretical yield, 
was crystallised from hot benzene or benzene-petroleum (b. p. 
g0—100°) in hard, yellowish-white, nodular crystals or from ether 
or acetone in small, slightly yellow, acicular prisms melting at 
215—216° (Found: C= 75-80; H = 5-44. C,9H,,0, requires 
C= 75-45; H = 4-43 per cent.). 

1:7:1': 7-Tetrahydroxydinaphthyl was readily soluble in alcohol, 
ether, or acetone. Unlike the diquinone, it showed no tendency to 
retain benzene of crystallisation. It gave no coloration with ferric 
chloride, and its solution in aqueous sodium hydroxide rapidly 
became reddish-purple on exposure to air. 

The tetra-acetyl derivative, CygH,9(O°CO-CH;),, was obtained in 
quantitative yield by heating 1:7: 1’ : 7’-tetrahydroxydinaphthyl 
with excess of acetic anhydride and anhydrous sodium acetate on 
the water-bath for one and a half hours; the solution was then 
evaporated to dryness in a vacuum desiccator, the residue washed 
with water, and the insoluble portion crystallised from benzene- 
petroleum, from which the compound separated in small, flattened, 
yellowish-white prisms melting at 188—189° (Found: C = 69-00; 
H=5-1l. C,,H,.0, requires C = 69-12; H = 4-56 per cent.). 

The tetra-acetate was readily soluble in benzene, but less so in 
alcohol. 


Reduction of Dinaphtha-1 : 7:1’ : 7’-diquinone with 
Hydriodic Acid. 


Twenty c.c. of 10 per cent. potassium iodide solution and 20 c.c. 
of dilute sulphuric acid (1 in 4 vols.) were added to an alcoholic 
solution (20 ¢.c.) of the diquinone (0-1109 gram). Iodine was 
liberated forthwith and titrated with N/10-sodium thiosulphate 
and starch-paper indicator, when 84-6 per cent. of the calculated 
amount was determined. The resulting solution was treated with 
excess of sodium acetate, concentrated under reduced pressure to 
half its bulk, and filtered from a green, flocculent material (quin- 
hydrone ?) not melting below 300°. The ethereal extract of the 
filtrate furnished tetrahydroxydinaphthyl (yield 73 per cent.). 
Willstiitter and Parnas found that with 2: 6-naphthaquinone and 
hydriodic acid the iodine liberated and the 2 : 6-dihydroxynaphth- 
alene produced were respectively 76 and 25 per cent. of the calculated 
amounts. 


Reduction of the Diquinone with Heated Zinc Dust. 


The diquinone (0-4 gram) mixed with 3 grams of zinc dust was 
distilled in a hard-glass tube through a layer of 10 grams of zinc 
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dust, when an intensely yellow substance sublimed on to the cool 
part of the tube, accompanied by traces of naphthalene. The 
coloured product was odourless and sparingly soluble in ether or 
acetone to faintly blue fluorescent solutions. From these solvents 
it was obtained in minute, yellow needles melting at 238—239° 
This substance, which still retained quinonoid characters, sublimed 
with difficulty and was very stable at temperatures above its 
melting point. On further heating with zinc dust, naphthalene 
was produced, but much of the substance sublimed unchanged. It 
was insoluble in aqueous sodium hydroxide, and gave a purple 
coloration with nitric acid. Lack of material has prevented a 
complete examination of this interesting product, the reactions of 
which would probably throw further light on the constitution of the 
diquinone. 


We desire to express our grateful thanks to the Salters’ Institute 
of Industrial Chemistry for the grant of a Fellowship to one of us 
(D.C.V.), which has rendered this collaboration possible. 
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CXCVI.—Chenopodium Oil. 


By Tuomas ANDERSON Henry and HumpPHRey Pacer. 


THE oil distilled from Chenopodium ambrosioides var. anthelminticum 
is now being used on a considerable scale in the campaigns against 
hookworm disease that are being carried on in various parts of the 
Tropics under the auspices of the International Health Board of the 
Rockefeller Foundation. 

As a result of the investigations conducted by Kremers (Pharm. 
Rev., 1907, 25, 155), Schimmel & Co. (Bericht von Schimmel & Co., 
April, 1908, p. 109), and Nelson (J. Amer. Chem. Soc., 1911, 33, 
1404; 1913, 35, 84; 1914, 36, 2521), it is known that the oil consists 
chiefly of a liquid organic peroxide, ascaridole, C,)H,,0,, and a 
mixture of liquid hydrocarbons, of which until last year only one, 
cymene, had been identified with certainty. To account for the 
optical activity and a characteristic colour reaction of the hydro- 
carbon fraction, Schimmel & Co. suggested the presence of 
sylvestrene (loc. cit.), but this has received no support from later 
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investigators (compare Wirth, J. Amer. Pharm. Assoc., 1920, 9, 139). 
Since the present authors began their work Nelson has re-examined 
the hydrocarbon fraction and produced evidence of the presence of 
x-terpinene and /-limonene (J. Amer. Chem. Soc., 1920, 42, 1204), 
whilst Caius and Mhaskar have stated, without adducing any 
experimental data, that the fraction contains cymene, terpinene, 
and phellandrene (/nd. J. Med. Res., 1920, 7, 570). 

It has been assumed generally that the value of the oil as an 
anthelmintic is due to the ascaridole, but Hall and Hamilton have 
asserted as a result of an extensive series of pharmacological trials 
that the “ lighter’ portions (that is, the hydrocarbon fraction) are 
more active as anthelmintics than the “heavier” (ascaridole) 
fractions (J. Pharm. Exp. Ther., 1918, 11, 89). In view of this 
confusion, it seemed to the authors desirable that the oil should be 
r-examined and the nature and pharmacological action of its 
components definitely settled. 

The pharmacological examination of the substances isolated from 
the oil has been undertaken by Dr. Wilson G. Smillie of the Instituto 
de Hygiene, San Paulo, Brazil, who has already obtained a number 
of interesting results, which will be recorded elsewhere. 


EXPERIMENTAL. 


Six lots of chenopodium oil, purchased through ordinary trade 
channels, were used. These had the following constants : 


(1) (2) (3) (4) (5) (6) 
iiisniieecsticnsirosceis 0°9665 0°9663 0°9712 0°9723 09672 0°9582 


~.—0O 


Sp. rotation [a], ... —5°7 —45° —53° —53° —63° —é6°8° 


The oils were separated by distillation under 15 mm. pressure 
into three fractions: (a) b. p. below 84°, dii 0-8596 to 0-8839, 
[x]; —14° to —18°; (6) b. p. 84—104°, dif 0-9200 to 1-0070, 
[a]y —5° to —11°; and (c) b. p. 104—118°, d= 1-0120 to 1-0160, 
[x]; —0-25° to —1-18°, which usually formed about 25, 15, and 
55 per cent. respectively of the whole oil. The residual 5 per cent. 
is chiefly ascaridole glycol. ‘The oil is difficult to fractionate, 
especially in the later stages, owing to the risk of explosive decom- 
position of the ascaridole. Fraction (a) consisted mainly of hydro- 
carbons, (b) of a mixture of hydrocarbons and ascaridole, and (c) 
was almost pure ascaridole. Fraction (b) was further treated by 
carefully heating it under a reflux condenser at atmospheric pressure, 
when the ascaridole decomposed with considerable violence, but 
without loss, giving the isomeric ascaridole glycol anhydride. On 
steam-distilling the product, the anhydride yielded the correspond- 
ing glycol, which was not volatile in steam, so that the distillate 
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consisted almost wholly of hydrocarbons; this was added t 
fraction (a), which then formed about 30 per cent. of the whole oil, 


Examination of the Hydrocarbon Fraction. 


Acids.—On repeated agitation with 5 per cent. solution of 
sodium carbonate, the fraction yielded 0-9 per cent. of oily material 
having the characteristic odour of the lower, fatty acids. This was 
converted into silver salts by neutralisation and precipitation in 
three portions with silver nitrate (Found: Ag = 56-27, 55-8, 57-6. 
Silver butyrate, C,H,0,Ag, requires Ag = 55-4 per cent.). 

Methyl Salicylate—On further agitation of the fraction with 
4 per cent. solution of sodium hydroxide, there was obtained on 
acidification 1-5 per cent. of a red oil, which on standing solidified 
in part, owing to the separation of salicylic acid (m. p. 156°), and 
the rest of the acid was removed by shaking the liquid portion with 
sodium carbonate solution. The liquid portion then boiled at 
220°/755 mm., gave a benzoyl derivative, m. p. 83°, and was there- 
fore methyl salicylate; the salicylic acid is no doubt formed by the 
action of the alkali on the ester during extraction. 

As no evidence of the presence of other oxygenated compounds 
could be obtained, the mixture was then redistilled several times 
through a six-bulb Young dephlegmator, which separated it into 
three fractions boiling at 166—173°, 174—177°, and 177—180° 
under 765 mm. pressure. The middle fraction formed the bulk of 
the mixture, and this, on redistillation, was found to consist of a 
product having the following constants : b. p. 176-5—177°/765 mm. ; 
d*: 0-8491; [a]? —18-09°; ni 1-48320. It had a slight lemon- 
like odour, and its solution in acetic anhydride gave a transient, 
bluish-red coloration with sulphuric acid. This product was pre- 
pared without difficulty from all six oils, and in spite of its constant 
boiling point was subsequently found to be a mixture of at least 
three hydrocarbons. The results of the analysis (Found : C = 88-14, 
88-16, 88-63; H = 11-40, 11-10, 11-21) agree fairly well with those 
required for a mixture of terpenes, C,yH,,, with cymene, CygHy,y, in 
about equal proportions (namely, C = 88-9; H = 11-08 per cent.), 
and further evidence was obtained later of the presence of approxi- 
mately this quantity of cymene. 

Attempts to effect a further separation by distillation at different 
pressures through a _ twelve-bulb Young dephlegmator were 
unsuccessful. 

Identification and Removal of «-Terpinene.—Further separation 
of the mixture by physical means having failed, recourse was had 
to the identification of the components and attempts to eliminate 
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these in succession. On treatment with sodium nitrite in presence 
of acetic acid at 0°, the mixture gave a nitrosite, which, after 
reerystallisation from ethyl acetate, had m. p. 155° and showed no 
depression of melting point on admixture with «-terpinene nitrosite 
made from terpinene, prepared from either turpentine oil or terpineol. 
The formation of «-terpinene nitrosite had already been recorded 
by Nelson (loc. cit. Compare Caius and Mhaskar, loc. cit.), who, 
however, failed to obtain any other evidence of the presence of 
s-terpinene. Caius and Mhaskar state that phellandrene is also 
present. Phellandrene gives even in small quantities an excellent 
yield of a nitrosite of unmistakable appearance, and the present 
authors were unable to find any evidence of the formation of phellan- 
drene nitrosite along with the «-terpinene derivative in the reaction. 

Baeyer has shown (Ber., 1894, 27, 815) that small quantities of 
terpinene can be removed from its mixtures with other terpenes by 
repeated agitation in the cold with Beckmann’s chromic acid 
mixture. Two hundred c.c. of the hydrocarbon fraction were 
treated repeatedly with small quantities of chromic acid mixture 
until no further absorption, and no increase in the specific rotation 
of the recovered oil, took place. The recovered oil, after distillation 
over sodium, had b. p. 176-5—177°/758 mm., d* 08545, [a«]j} 
—23-08°, nj} 1-48637 (Found : C = 89-08, 88-92, 88-80; H = 10-86, 
10-59, 10-65. A mixture of terpene, C,)H,,, with cymene, C,)H,,, 
in the proportion of about 40: 60 requires C = 89-04; H = 10-96 
per cent.). 

The recovered oil gave no crystalline nitrosite on treatment with 
sodium nitrite in acetic acid at 0°, but still gave the characteristic 
bluish-red coloration with sulphuric acid in presence of acetic 
anhydride, and on oxidation with potassium permanganate (see 
below) yielded no trace of the characteristic crystalline oxidation 
products of «-terpinene, whence it appears that the latter terpene 
had been completely eliminated by the treatment. The chromic 
acid mixture recovered yielded, on extraction with ether, a small 
quantity of a crystalline acid melting at 189°, which proved to be 
one of the forms of «5-dihydroxy-«-methyl-é-isopropyladipic acid 
produced by the oxidation of «-terpinene (see below). 

Action of Bromine. Isolation of a New Terpene Tetrabromide.— 
Bromine, in excess of that required to form a tetrabromide, was 
added to either the original mixture of hydrocarbons or the «- 
terpinene-free mixture (see preceding paragraph) dissolved in its 
own volume of chloroform and cooled to 0°. After standing for 
one hour, the chloroform and excess of bromine were removed by 
a current of dry air, leaving a viscous, dark grey oil; this, on 
standing for six to eight weeks, deposited a solid tetrabromide, 
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which after solution in ethyl acetate separated in large crystals up 
to about 1 gram in weight. The bulk of the brominated produc 
remained liquid even after six months’ exposure to a temperatur 
of —15° to —20°, but on distillation under reduced pressure jt 
yielded a considerable quantity of p-cymene (b. p. 175—176°), and 
the residue, on standing, then deposited a further quantity of the 
crystalline tetrabromide. The latter melted and decomposed at 
117°, and repeated crystallisation from different solvents failed to 
change this melting point. Mixtures of equal parts of the tetra. 
bromide with the tetrabromides of (a) d-limonene, m. p. 105°, 
(6) dipentene, m. p. 126°, (c) terpinolene, m. p. 112°, melted at 
(a) 90—95°, (6b) 102—105°, (c) 100—104° respectively, so that the 
substance is not identical with any of the well-known terpene 
tetrabromides. The tetrabromide is optically inactive (Found: 
Br = 69-88, 70-08. C,)H,,Br, requires Br = 70-17 per cent.). 
It is apparently the formation of this substance on bromination 
that led Nelson (loc. cit.) to assume that the hydrocarbon fraction 
of chenopodium oil contained /-limonene. The tetrabromide of 
the latter, however, melts at 104—105°, is optically active ([«], = 
—73°), and when crystallised with an equal quantity of d-limonene 
tetrabromide gives dipentene tetrabromide, m. p. 126°. In all 
these respects the new substance differs from /-limonene tetra- 
bromide, and it is probably the tetrabromide of a new levorotatory 
terpene. 

The crystallographic examination of the new tetrabromide has 
been kindly undertaken for the authors by Dr. G. F. Herbert Smith 
of the Natural History Section of the British Museum, who reports 
as follows : 

“The crystals are monoclinic. The prominent faces parallel to 
which the crystals are elongated belong to the form (110) and the 
faces observed at the end belong to the forms (001), (101), and (111). 
The fundamental data are a:6:c =1-413:1:1-471; 8 = 99° SV’. 
The calculated and observed values of the biangular co-ordinates of 
the observed forms are given in the following table. 


Calculated. Observed. 
. p- . p- 
— — 0° 0’ 35° 42’ 
48° 35’ 42° 12’ 48° 44’ 41° 51’ 
inte = 39° 4’ 90° 0’ 
_— 80° 5’ 90° 0’ 


“There is an optic axis very nearly perpendicular to the faces of 
the form (110) and the double refraction is high. 

“ The symmetry of the crystals is different from, and the measure- 
ments I have made do not harmonise at all with, those recorded by 
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Hintze for limonene tetrabromide (Zeitsch. Kryst. Min., 1885, 10, 
952).”” 

No crystalline derivatives with halogen acids or nitrosyl chloride 
could be obtained from the mixture of hydrocarbons either before 
or after the removal of the «-terpinene. Sylvestrene yields a 
crystalline dihydrochloride. 


Oxidation with Potassium Permanganate in Acetone. Isolation 
of p-Cymene. 


The results recorded above indicate that the hydrocarbon fraction 
consists of «-terpinene, cymene, and a levorotatory terpene, which 
forms an optically inactive, crystalline tetrabromide. It was hoped 
to obtain further information regarding this terpene by the oxidation 
of the whole hydrocarbon fraction with potassium permanganate in 
the cold, since the products of oxidation of «-terpinene under these 
conditions are well known and p-cymene is not attacked, so that any 
products of oxidation found other than those obtainable from 
wterpinene might be assumed to come from the levorotatory 
terpene. The oxidation was carried out in ice-cold water under the 
conditions prescribed by Wallach for «-terpinene (Annalen, 1908, 
362, 297), but it was subsequently found convenient to replace 
water by acetone. The hydrocarbon fraction (50 c.c.) was dissolved 
in acetone (150 c.c.) and a saturated solution of potassium perman- 
ganate in acetone added, 50 c.c. at a time, until the reagent was no 
longer decolorised immediately (A). After this stage, the oxidation 
proceeded very slowly and was completed by adding finely powdered 
permanganate with constant agitation until the liquid remained 
coloured for twenty-four hours after the last gram had been added 
(B); usually about 150 grams of permanganate were required in all. 
If the liquid is worked up at stage (A), 60 to 70 per cent. by volume 
of the oil originally used is recovered, and now has physical constants 
similar to those of the oil recovered after oxidation with cold chromic 
acid (p. 1717), with the exception that the highest specific rotation 
found was —20° in place of —23°. It roughly corresponds, there- 
fore, with the oxidation of the «-terpinene. The oil recovered at 
stage (B) was optically inactive, and after several distillations over 
sodium boiled constantly at 175—176°/763 mm., and had nj 
149041 (Found: C = 89-2, 89-3; H = 10-4, 10-51. p-Cymene, 
CigH,,, requires C = 89-57; H = 10-43 per cent.). It yielded 
ptymenesulphonic acid (Found: for the barium salt, Ba = 24-4. 
Cale., Ba = 24-8 per cent.), and on oxidation with aqueous potassium 
permanganate solution at 100° yielded p-hydroxyisopropylbenzoic 
acid, m. p. 1538—154° (Found: C= 6645; H=6-8. Calc., 
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C = 66-7; H = 6-7 per cent.), from which isopropenylbenzoic acid 
(m. p. 255°) was readily obtained by boiling with hydrochloric acid. 
The usual methods of identifying p-cymene are not very satis 
factory. Many terpenes yield p-cymenesulphonic acid on treat. 
ment with sulphuric acid, and the authors have found that com. 
mercial phellandrene, on oxidation with hot permanganate, yields 
p-hydroxyisopropylbenzoic acid; special care was therefore taken 
in this case to prove that the recovered hydrocarbon was actually 
p-cymene. The amount recovered varied from 45 to 50 per cent, 
(compare p. 1716). 

The products of oxidation were isolated by filtering off the 
manganese dioxide, distilling off the acetone, and steam-distilling 
the alkaline residue to recover the p-cymene. To the aqueous 
residue in the flask was added the aqueous extract obtained by 
suspending the manganese dioxide in water and passing through 
it a vigorous current of steam for two hours. The combined 
aqueous liquids were then reduced to low bulk in a vacuum and, 
when cold, extracted with ether, which removed a small amount of 
a viscous, neutral, yellow oil having a faint odour of mint. The 
liquid was then acidified and extracted repeatedly with ether, which 
removed a complex mixture of acids, mostly resinous, from which 
on standing there separated crystalline material (A) amounting 
to about 2 per cent. by weight of the oil originally used. When no 
more crystals would separate, the viscous acid resin was filtered off 
and steam-distilled. The acid distillate was neutralised with 
sodium hydroxide, evaporated to dryness, and mixed rapidly and 
completely with the quantity of sulphuric acid, cooled to —16 
required to convert the sodium into sulphate, which separated and 
was rapidly filtered off, leaving the volatile acids (B) as a dark 
brown liquid. The non-volatile residue in the flask was extracted 
with ether and yielded a large fraction of resinous acids (C). 

Crystalline Acids (A).—A rapidly filtered solution in boiling water 
of the mixture of acids deposited, on standing, colourless, prismatic 
crystals, of which more was obtained by concentration of the mother- J 
liquor in a vacuum. The crops were mixed and recrystallised from 
boiling water until of constant melting point, 203—-204° (corr., 
decomp.). The acid was sparingly soluble in cold water or alcohol 
and less soluble in other solvents, and was optically inactive in 
aqueous solution (Found: C = 51-21, 51-12; H = 7-72, 782. 
C,9H,,0, requires C = 51-29; H = 7-69 per cent. Required for 
neutralisation, 8-57 c.c. of N-NaOH per gram. ©,H,,0,(CO,H); 
requires 8-55 c.c. per gram). 

The mother-liquor, on further concentration, deposited a second 
acid crystallising in rosettes of needles, which was recrystallised 
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fom water until the melting point remained constant at 189° 
(corr, decomp.). This substance was moderately soluble in water, 
and optically inactive in 5 per cent. aqueous solution (Found : 
(= 51-0, 51-26; H = 7-86, 7-79. Cy H,,0, requires C = 51-29; 
H=769 per cent. Required for neutralisation, 8-56 c.c. of 
Y-NaOH per gram. C,H,,0,(CO,H), requires 8-55 c.c. per gram). 

These two acids appear to be identical with the two «5-dihydroxy- 
xmethyl-8-isopropyladipic acids, C,y)H,,0,, obtained by Wallach 
by the oxidation of terpinen-4-ol from marjoram oil (Annalen, 1907, 
356, 212), which he describes as melting at 205—206° and 188—189° 
respectively. The acids decompose on melting and in the authors’ 
experience the melting points can be varied from 203° to 214° and 
from 188° to 192° respectively by variation in the rate of heating. 
Wallach described the acid of higher melting point as the active 
and the other as the inactive acid, apparently because the latter only 
was produced by the oxidation of «-terpinene, which is itself optically 
inactive, whilst the active terpinenol from marjoram oil yielded 
both. The acid should, however, exist in more than one inactive 
modification, and both forms obtained by the present authors were 
inactive. It seemed likely that both these acids came from the 
terpinene, and this was confirmed by oxidising «-terpinene 
(prepared from terpineol) with permanganate in acetone, when the 
same two acids were obtained. 

After the removal of the acid melting at 189°, concentration of 
the mother-liquor was continued, by slow evaporation at atmospheric 
temperature, causing the separation of a third substance, which, 
after several recrystallisations from water, melted at 179° (Found : 
(= 50-55, 50°84; H = 7-6, 7-69 per cent. Required for neutralisa- 
tion, 8-38 c.c. of N-NaOH per gram). Mixed with either of the 
foregoing acids, this substance showed no depression in melting 
point, and it is probably merely a mixture of both. 

Volatile Acids (B).—The dark brown, volatile acids isolated as 
already described (p. 1720) consisted mainly of acetic acid, since a 
g ries of eight fractions of silver salt prepared from them gave the 

following results : Ag = 62°5, 63°7, 64-4, 64-7, 65-1, 65-2, 65-3, 66-1. 
Silver acetate, CH,*CO,Ag, requires Ag = 64-68 per cent. There 
is, however, present in addition a minute amount of an acid crystallis- 
ing in long, slender needles, m. p. 117°, of which sufficient has not 
been obtained for examination ; it can be isolated by steam-distilling 
the crude, volatile acids, stopping the distillation when the distillate 
begins to show only a weak acid reaction to litmus, and then ex- 
tracting the residual liquor with ether. 

Resinous Acids (C).—These form the bulk of the oxidation pro- 
ducts and from them no definite substance has so far been obtained. 
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The only difference observed in the course of the oxidations wit) 
permanganate in (a) water and (b) acetone was that in the forme 
case the volatile acids produced included isobutyric acid (Found: 
in the silver salt, Ag = 55-5, 55-7. Cale., Ag = 55-39 per cent) ff 
which was separated from the acetic acid also formed by fractional ff 
crystallisation of the anilides, acetanilide, m. p. 114°, separating 
first from boiling water and isobutyranilide, m. p. 102°, last. 

Oxidation with permanganate of the hydrocarbon fraction ¢ 
chenopodium oil from which «-terpinene had been removed (p. 171} 
yielded acetic and isobutyric acids and the volatile, crystalline acid 
melting at 117°. The latter appears, therefore, to be the only 
oxidation product found which may be characteristic of the levor. 
tatory terpene, and so far it has not been possible to obtain it in 
quantity sufficient for examination. From this terpinene-fre 
fraction of the hydrocarbon mixture 58 per cent. of cymene was 
recovered on oxidation. 

Oxidation of limonene and phellandrene, under the conditions 
described above, yielded none of the crystalline products obtained 
from the chenopodium mixture of hydrocarbons, thus confirming 
evidence already given of the absence of these terpenes from the 
mixture. 


Ascaridole Fraction. 


As already stated, fraction (c) consisted almost wholly of ascaridole 
and on redistillation had b. p. 108—110°/15 mm., d” 1-120, 
[x]; —0-5°, constants which are in good agreement with thos 
already on record (Found: C= 71-63; H=9-45. Cale, 
C = 71-43; H=9-53 per cent.). As stated above, ascaridole, 
when heated above 160°, is converted explosively into an isomerit 
substance, ascaridole glycol anhydride, the temperature rising t 
about 300°. Nelson found that the action could be readily con- 
trolled by dropping ascaridole into cymene heated at 150°. The 
authors found that dilution of ascaridole with any volatile, indifferent 
solvent boiling at about 130—150°, for example, xylene, will serve 
equally well. After the reaction is complete, the solvent is distilled 
off, leaving a residue of the anhydride which can be purified by 
distillation. It forms a viscous, yellow oil, b. p. 230—245°/755 mm. 
122—125°/20 mm.; d” 1-026; [«]i? —0-72°. 

By treatment with steam, the anhydride is converted into 
ascaridole glycol, which is not volatile in steam, but can be distilled 
apparently unchanged under reduced pressure. Obtained in this 
way, it is a heavy, green, viscous oil, b. p. 135—160°/15 mum. 
(Found: C = 64:55; H=9-74. Cale, C = 6446; H=9% 
per cent.). It was previously prepared by Nelson (loc. cit.) bj 


S with 
former 
ound: 
cent), 


tional & 


rating 


ion of 
171}; 
e acid 
> only 
eVOr0- 
L it in 
1e-free 
e was 


litions 
tained 
rming 
m the 


ridole 
0120, 
those 
Cale., 
idole, 
merit 
ng to 

con- 

The 
erent 
serve 
tilled 
d_ by 
mm., 


into 
tilled 
. this 
mu. 
97 
.) by 


HENRY AND PAGET: CHENOPODIUM OIL. 1723 


shaking ascaridole with ferrous sulphate solution or by hydrating 
the anhydride by dilute sulphuric acid. The monobenzoate melts 
at 136—137°, as recorded by Nelson (Found : C = 70-68; H = 7-92. 
Cale., C = 70-34; H = 7-55 per cent.). 


Indian Chenopodium Oil. 


In connexion with attempts made in recent years to cultivate 
chenopodium in India for the production of oil, two samples of the 
drug have been received from Col. A. T. Gage, Director of the 
Botanical Survey of India. These were labelled C. ambrosioides 
and C. anthelminticum and yielded 0-17 and 0-24 per cent. of oil 
having d}3 0-9399, [a]} + 0-07°, and dj; 0-9080, [«]i} —9-6° respec- 
tively. The quantities obtained were too small for further investi- 
gation. 

Summary of Results. 


1. Chenopodium oil contains minute quantities of the lower fatty 
acids, chiefly butyric acid, and less than 0-5 per cent. of methyl 
salicylate. The remainder of the oil consists of at least 60 per cent. 
of ascaridole with about 5 per cent. of the corresponding glycol and 
30 to 40 per cent. of a mixture of hydrocarbons made up approxi- 
mately of cymene 15 per cent., «-terpinene 5 per cent., and a new 
levorotatory terpene, 10 per cent. No evidence has been obtained 
of the presence in the oil of sylvestrene, limonene, phellandrene, 
safrole, or camphor, all of which have been suggested or recorded as 
constituents. 

2. The levorotatory terpene has not been isolated from the 
mixture of hydrocarbons, but judging from the physical constants 
of its mixtures with (a) «-terpinene and cymene, and (6) cymene 
alone, it must have approximately the following characters: b. p. 
177—178°/760 mm., d” 0-847, [a]j} —57°, nj} 1-484. It 
furnishes a well-crystallised tetrabromide, m. p. 117°, which is 
optically inactive, and on oxidation with permanganate yields 
acetic and isobutyric acids and possibly a volatile, crystalline 
acid, m. p. 117°, not yet identified. It is interesting to note that 
lewinsohn (Arch. Pharm., 1906, 244, 424) isolated from myrrh oil 
a terpene having the following constants; b. p. 78—80°/20 mm., 
d* 0-847, [x]? +- 80°, yielding a tetrabromide, m. p. 115°. 

3. On oxidation with permanganate in acetone, «-terpinene yields 
two forms of «5-dihydroxy-«-methyl-é-isopropyladipic acid melting 
at 203—204° and 189° respectively; the latter has already been 
obtained by Wallach by oxidation of this terpene with permanganate 
in water at 0°, and both acids by the same author.from the terpinen- 
40l of marjoram oil by the same means. ‘The acid of higher m. p. 


1724 FARGHER AND PERKIN: M-OPIANIC ACID 


is described by Wallach as active, although no determination g 
the value is given; both acids obtained by the present authors wer 
optically inactive in aqueous solution. 


The authors desire to express their cordial thanks to Dr. Herbert 
Smith for the crystallographic measurements recorded above ani 
to Mr. F. Walton for assistance in the experimental work. 
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CXCVII.—m-Opianic Acid (4: 5-Dimethoxy- 
o-aldehydobenzoic Acid). 


By Ropert Georce Farcuer and Witi1amM Henry Perky, jun. 


THE opianic acids (dimethoxy-o-aldehydobenzoic acids), 
CO,H CHO 
MeO ‘\cHO Meo co, H MeO ‘cHo 
‘ ’ 
MeO\ J MeO a MeO Jor 
Opianic acid (m. p. 150°) -Opianic acid (m. p. m-Opianic acid (m. p. 
from narcotine. 121°) from berberine. 185°) from cryptopine. 
have so far only been obtained from alkaloids either by direct 
oxidation or by the oxidation of their degradation products. 

In view of the importance of these acids, it is curious that there 
should be no record of any attempt having been made to prepare 
them synthetically. It seemed therefore interesting to devise 
methods for the synthesis of these acids and the present com 
munication contains an account of the steps which have led to 
the synthesis of m-opianic acid.* It is hoped that it may, in the 
near future, be found possible to synthesise opianic acid and 
y-opianic acid as well and thus to complete the series. 

The starting point in the synthesis of m-opianic acid is creosol (I), 
which is first methylated by means of methyl sulphate ; the resulting 
homoveratrole (IT) is then converted by the action of acetyl chloride 
in the presence of aluminium chloride into 4: 5-dimethoxy-o-tolyl 
methyl ketone (ITT) 


MeO/ ‘Me MeO 


/ 
| | Ps 
HO\ /} MeO\ MeO 


\\Me MeO q ‘ie 
Fad 


(I.) (II.) (III) 


* The name m-opianic acid was given to this acid because it is the opian® 
acid corresponding with m-hemipinic acid. 


(4 : 5-DIMETHOXY-0-ALDEHYDOBENZOIC ACID). 1725 


(compare Harding and Weizmann, T., 1910, 97, 1126). When this 
ketone is oxidised by permanganate, it yields 4 : 5-dimethoxy-o- 
tolylglyoxylic acid (LV), 4: 5-dimethoxyphthalonic acid (V), and 
a acid (VI). 


‘Me Meo 10,1 MeO ‘\cO,H 
JC0-C0,H = MeO /COCO,H MeO /0gH 


a ) (V.) 2 ‘4 ) 

4:5-Dimethoxyphthalonic acid (V) was first obtained by Perkin 
(T., 1902, 81, 1022) during the investigation of the oxidation of 
trimethylbrazilin by means of permanganate, and was stated to 
nelt at 150°. Subsequently Harding and Weizmann (loc. cit., 
p. 1129) prepared the same acid * from 4: 5-dimethoxy-o-tolyl 
methyl ketone by oxidation with permanganate, and these investi- 
gators found that a specimen of the acid dried in the steam-oven 
melted at 148°. These observations are incorrect, and the reason 
for the inaccuracy is to be found in the facts (i) that the acid, like 
phthalonic acid itself, has no definite melting point, and (ii) that 
the indefinite melting point is lowered by traces of moisture and 
sight impurity to an unusual degree. 

We have, on several occasions, repeated the preparation of 
4:5-dimethoxyphthalonic acid under the conditions recommended 
by Harding and Weizmann, and have always obtained an acid 
which crystallised well from water and melted roughly at 145— 
150°. It was then found that the acid prepared in this way 
invariably contains traces of oxalic acid, which apparently cannot 
be removed by recrystallisation, and the purification by means of 
the calcium salt, recommended in this case and in the case of the 
acid from trimethylbrazilin, is of no avail, since both acids yield 
calcium salts which are insoluble in water. Subsequently the 
observation was made that the insoluble neutral calcium salt of 
(MeO),C,H,°CO- OS Ca, 

CO- -CO-O 
verted by the calculated amount of dilute hydrochloric acid into 
a beautifully crystalline, soluble acid calcium salt, (C,,H,O,).Ca, 
Whereas calcium oxalate remains unchanged, and this observation 
has made it possible to prepare the phthalonic acid readily in a 
state of purity. 

4: 5-Dimethoxyphthalonic acid crystallises from water in prisms 
usually of the composition C,,H,)0,,2H,O, and does not melt 
completely until 188° (compare p. 1736). When it is heated in the 
steam-oven, it loses one molecule of water, but the other is not 
lost at 120°, and does not seem to be removable by heat without 


* Called by them 6-carboxy-3 : 4-dimethoxyphenylglyoxylie acid. 


Me0/ | 
MeO. 


4:5-dimethoxyphthalonic acid, is con- 
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decomposition of the acid. It is therefore probable that th 
formula of the hydrated acid, crystallised from water and dried 
at 100°, is (MeO),C,H,(CO,H)-C(OH),-CO,H. On the other hand 
the acid is somewhat soluble in dry ether and, after digesting 
with anhydrous sodium sulphate and concentrating, it separates 
in colourless prisms which are anhydrous and have the formuk 
Ci Hy90r. 

This acid now crystallises from water in anhydrous prisms, and 
it seems possible that the hydrated acid is derived from V, whereas 
the anhydrous acid has the constitution XVII. This interesting 
point is being investigated. 

When 4 : 5-dimethoxyphthalonic acid is heated at 200—210°, it 
is completely decomposed, with the formation mainly of m-heni- 
pinic acid, but small quantities of the anhydride of m-opianic acid 
(p. 1742) are produced, as well as traces of a substance melting 
above 260°, which appears to be tetramethoxydiphthalyl, 


(MeO).0¢H,—C—¢€—C,H,(OMe), 
CO O O—CO 


b 


and to be identical with the substance, C,,>H,,0,, which had pre- 
viously been obtained (Perkin, T., 1902, 81, 1025) from the same 
acid by heating with water in a sealed tube at 200°. In this 


behaviour, dimethoxyphthalonic acid resembles phthalonic acid 
itself, which, on heating, is decomposed into phthalic anhydride, 
phthalaldehydic acid, and diphthalyl (Graebe and Triimpy, Ber., 
1898, 31, 371). When 4: 5-dimethoxyphthalonic acid is heated 
with concentrated sulphuric acid on the steam-bath, it is decom. 
posed, apparently quantitatively, into carbon monoxide and 
m-hemipinic acid. 

The conversion of 4 : 5-dimethoxyphthalonic acid into m-opianic 
acid has been carried out in two different ways : 

(i) By Heating with Sodium Hydrogen Sulphite.—In this case the 
sodium hydrogen sulphite derivative of the phthalonic acid, which 
is first produced, is decomposed by heating on the steam-bath 
into carbon dioxide and the corresponding derivative of m-opianic 
acid. When the latter is treated with hydrochloric acid and the 
product extracted with ether, m-opianic acid crystallises from the 
ether in a state of purity. 

(ii) With the Aid of Aniline or p-Toluidine (p. 1740).—Aniline 
reacts very readily with a hot aqueous solution of 4 : 5-dimethoxy- 
phthalonic acid with separation of a crystalline substance (m. ). 
179—180°) which is the aniline salt of anilino-4 : 5-dimethory: 
phthalonic acid and probably has the formula 


(MeO),C,H,(CO,H)-C(:N-C,H;)-CO,H,C,H,"NH. 


janie 


» the 
hich 
bath 
janic 
- the 
- the 


iline 
Oxy: 
1. p. 
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When this is boiled with xylene, it loses carbon dioxide and the 
substance which crystallises from the xylene and melts at 213— 


14°, is anilino-m-opianic acid, (MeO),CgH,<CHAHCeHs) 0 


(compare p. 1738). Warm dilute hydrochloric acid readily hydrolyses 
this anilino-derivative with formation of aniline hydrochloride and 
m-opianic acid, and as the decomposition is quantitative and the 
aid crystallises direct in an almost pure state from the hydro- 
chloric acid, this is much the’ most convenient method for the 
preparation of m-opianic acid. In the case of p-toluidine, the 
couse of the different reactions is similar. The substance first 
produced is the p-toluidine salt of p-tolwidino-4 : 5-dimethoxy- 
pthalonic acid, and this, on boiling with xylene, yields p-toluidino- 
m-opianic acid (m. p. 223°), from which m-opianic acid is obtained 
by hydrolysis with dilute hydrochloric acid. There is not much to 
choose between the aniline and p-toluidine processes, but the latter 
was preferred and employed for the preparation of most of the 
m-opianic acid required for this investigation. 
m-Opianic acid melts at 186—187° or considerably higher than 
either opianic acid (m. p. 150°) or y-opianic acid (m. p. 121°); 
like opianic acid, it is very sparingly soluble in cold water and 
indeed in nearly all its properties and reactions it resembles opianic 
acid very closely. Some of the more characteristic derivatives of 
n-opianic acid were prepared from the specimen of this acid which 
was originally obtained by the oxidation of cryptopidene (T., 
1916, 109, 929), and these are the following : 
The oxime (m. p. 140°) and the oxime anhydride (m. p. 132— 
133°), both of which on heating pass into m-hemipinimide : 
CH:NOH CH:N 


(MeO),CgH< = (MeO),CoH< 5") 


(MeO),C,H,<CQ>NH. 


> 


The semicarbazone, (MeO),C,H,(CO,H)-CH:N-NH-CO-NH,, melts 
at 227°. 

m-Opianic acid was also reduced to m-meconine and yielded, on 
acetylation, acetyl-m-opianic acid (m. p. 159°). 


CH-OAc 
Me0/ \% \. 
and Mel | O 


4 


ANZ 
CO 


The formation of the latter substance suggests that m-opianic 
acid is capable of reacting in two different modifications, namely, 
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as the normal acid (VII) and as the pseudo-acid or derivative ¢ 
hydroxyphthalide (VIII), 


MeO CHO 


( ) 
MeO\ )CO,H 


(VIL) (VIII.) 


and much new material has now been accumulated which shows 
clearly how very closely opianic acid and m-opianic acid resemble 
each other in this respect. One of the most characteristic pr. 
perties of opianic acid is that of yielding two series of esters, namely, 
the normal carboxylic esters and the pseudo-esters derived from the 
hydroxyphthalide formula and containing the grouping >CH(OMe), 

An exactly similar property is exhibited by m-opianic acid. 
When the silver salt of this acid is digested with methyl iodide, 
the methyl ester formed is the normal ester (IX; m. p. 95°), but 
the pseudo-methy] ester (X ; m. p. 143°) is produced when m-opianic 
acid is boiled with methyl alcohol. 


CH-OMe 
MeO/ NcHO MeO/ Ye 
MeO\ /OomMe MeO NN, VA 


(IX.) (X.) 


In cases other than that of the isomeric esters, opianic acid 
yields derivatives both of the normal and pseudo-modification. 
Towards semicarbazide, this acid behaves as the aldehyde, but 
Liebermann (Ber., 1896, 29, 174) has shown that the action of 
aniline and other amino-compounds on the acid results in the 
formation of crystalline substances which are always derivatives 
of the pseudo-modification. Thus the anilino-derivative (m. p. 
187°) is insoluble in cold dilute sodium carbonate and cannot 
therefore be the normal derivative (XI), but must have the con- 
stitution represented by (XII). 
CO, 
CO,H Ps SO 


MeO/ \CH!N-C.H. M006 Srl orec 
Meol | ois Mol );CH-NH-C,H, 


\Z all 


(XL) (XIL.) 


A careful investigation has shown that m-opianic acid behaves 
in these respects exactly like opianic acid. The semicarbazone of 
m-opianic acid is evidently derived from the normal acid, because 


It 
actio 
with 
meth 
that 


does 
ther 
chan 
acid 
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tis immediately soluble in cold sodium carbonate solution. Aniline 
and p-toluidine react very readily with aqueous or alcoholic solu- 
tions of m-opianic acid, yielding immediate, crystalline precipitates 
of the anilino- and p-toluidino-derivatives, which melt at 213° and 
992° respectively and are insoluble in cold dilute sodium carbonate 
solution. 
The constitutions of these substances must therefore be repre- 
sented by the formule : 
CH-NH-C,H; CH:NH-C,H,Me 
Meo’ \“ \ 
and Meo! 50 
al 
CO 


(XIII.) (XIV.) 


‘ 


It is remarkable that the substance (m. p. 213°) produced by the 
action of aniline on m-opianic acid should prove to be identical 
with that which results when the anilino-derivative of 4 : 5-di- 
methoxyphthalonic acid is heated with xylene (p. 1727). It is clear 
that the change 


MeO\ }cO,H —* MeOl !CO,H 


(XV.) 


MeO/ No(:N-C,H,):CO,H MeO/” \CHN-C,H 
™ a 


“al 


does not accurately represent the decomposition, and it must 
therefore be assunted either that formula XV undergoes molecular 
change into XIII or that the anilino-derivative of the phthalonic 
acid has the constitution XVI. 


((NH-C,H,)-CO,H ((OH)-CO,H 
Meo/ \“ \ 
Meol | 0 
yy Nal 
ae) 
(XVIL.) 


It is also, of course, possible that the phthalonic acid itself is 
capable of reacting in the pseudo-form XVII, in which case the 
anilino-derivative would be XVI and its conversion into XIII as 
the result of loss of carbon dioxide would follow as a matter of 
course, 

In one respect, opianic acid and m-opianic acid exhibit a striking 
and unexpected difference, and that is in their behaviour with 
phenylhydrazine. When a warm aqueous solution of opianic acid 
1s mixed with phenylhydrazine, it yields an oily, yellow hydrazone 
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which very rapidly becomes crystalline owing to the conversion 
into phenylopiazone (m. p. 175°; p. 1744): 


CO,H 
Meo/ ye N-NH-C,H, —> Me0/ Fos 
MeO\ MeO 


In the case fs m-opianic acid, the isd crystalline hydrazon 
(XVIII) is remarkably stable, and may indeed be crystallised from 
methyl alcohol. At 185—190°, however, it becomes colourless 
owing to the formation of phenyl-m-opiazone (XIX) (m. p. 228°: 
p. 1743) : 


MeO Nouns NNH-CyH; _, MeO/ \CH:N-N-C,H, 
MeO\ Jo OH MeO. ame 
5, aan: ie 

Both opianic and m-opianic acids react with as-phenylmethyl- 

hydrazine to produce stable derivatives of the formula 
(MeO),C,H,(CO,H)-CH-N-NMe-C,H 

(m. p. 167° and 237° respectively), which, owing to the presence 
of the N-methyl group, are incapable of yielding derivatives of 
the type phenylopiazone. 


EXPERIMENTAL. 


Homoveratrole (Formula II). * 


Homoveratrole was first obtained by Tiemann and Mendelsohn 
(Ber., 1875, 8, 1137) by the action of methyl iodide on the potass. 
ium derivative of creosol [CH,°C,H,(OMe)-OH=1 : 3 : 4], and later 
(T., 1906, 89, 1649) Perkin and Weizmann simplified the process 
by substituting methyl sulphate for the methyl iodide.* In pre- 
paring the large quantities of material required for the present 
investigation, the following method was found to work well. The 
solution of creosol (50 grams) in methyl alcohol (150 c.c.) was 
gradually mixed with methyl sulphate (60 c.c.) and methyl-alcoholic 
potassium hydroxide (180 c.c. of 25 per cent.), and so soon as the 
reaction had subsided the whole was heated on the steam-bath 
for a few minutes, cooled, diluted with water, rendered strongly 
alkaline by the addition of sodium hydroxide, and extracted with 
ether. The extract was dried over potassium carbonate, the ether 


* There is an error in the quantities given for the preparation of veratrok 
from catechol; the amount of methyl sulphate should be 275 grams, and 
not 75 grams. 
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rmoved, and the residue fractionated, when about 45 grams of 
homoveratrole distilled at 128—130°/25 mm. and some unchanged 
eeosol was recovered from the alkaline liquors. 

It was noticed that homoveratrole, after standing in the ice- 
chest for some days, had solidified to a mass of striated prisms; 
after purification by partial melting and decantation of the melted 
portion, the crystals melted at about 22°. 


4: 5-Dimethoxy-o-tolyl Methyl Ketone (Formula IIT). 


Harding and Weizmann (T., 1910, 97, 1127) obtained this 
substance by acting on homoveratrole and acetyl chloride, dis- 
wlved in carbon disulphide, with aluminium chloride, but we have 
obtained a larger yield and a purer product by allowing the 
aluminium chloride to react first with the acetyl chloride and 
afterwards adding the homoveratrole. 

Freshly-prepared and finely-powdered aluminium chloride (100 
gams) is gradually added to the well-cooled solution of acetyl 
ciloride (830 grams) in carbon disulphide (200 c.c.) and, after 
standing for half an hour, homoveratrole (50 grams) is slowly run 
in, with constant stirring and cooling in ice-water. After remaining 
over-night, the mixture is heated on the steam-bath until hydrogen 
chloride ceases to be evolved, the carbon*disulphide removed by 
distillation, and the residue decomposed by much powdered ice. 
The product is extracted with ether, the ethereal solution well 
washed with dilute hydrochloric acid and repeatedly shaken with 
) per cent. sodium hydroxide so long as the extract (A) is brown ; 
it is then dried over calcium chloride, concentrated to a small 
bulk, and left in the ice-chest, when a crust of prisms quickly 
separates. The mother-liquor is decanted and the crystals are 
washed with a little ether with suction; the substance then melts 
at 76—77°, and consists of pure 4: 5-dimethoxy-o-tolyl methyl 
ketone. 

The ethereal filtrate is evaporated and the residue fractionated 
inder reduced pressure, when, after traces of homoveratrole have 
passed over, the whole distils at 175°/15 mm. and crystallises on 
cooling. 

The ketone is rather sparingly soluble in cold methyl alcohol, 
but dissolves very readily on warming, and separates, when slowly 
tooled, in large, almost colourless, glistening prisms which do not 
lnd themselves to accurate crystallographical measurement. The 
yield is about equal to the amount of homoveratrole employed in 
the synthesis. 

The oxime was obtained by boiling the ketone (1:4 grams) with 

VOL, CXIX. 30 
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hydroxylamine hydrochloride (1 gram) in alcoholic solution in the 
presence of excess of sodium acetate. Water was added, when, 
on standing, the oxime separated in colourless prisms which, after 
recrystallisation from water, melted at 138° (Found: N=68, 
C,,H,;0,N requires N = 6-7 per cent.). 

The semicarbazone was prepared by boiling the ketone (1 gram) 
with semicarbazide hydrochloride (1-2 grams) and sodium acetate 
(3 grams) in aqueous alcohol for half an hour. On cooling, the 
semicarbazone separated, and was recrystallised from alcohol, when 
it melted at 208°. Harding and Weizmann (loc. cit., p. 1128) 
state that it decomposes at 186° (Found: N = 168. Cale., 
N = 16-7 per cent.). 

The phenylhydrazone separated gradually in crystals when the 
ketone was heated on the steam-bath with phenylhydrazine in 
dilute acetic acid solution. It was collected with the aid of the 
pump and washed with methyl alcohol, in which it was sparingly 
soluble. The colourless, crystalline residue melted without decom- 
position at 182°, whereas Harding and Weizmann (loc. cit., p. 1128) 
state that this phenylhydrazone melts at 168—170° with decom- 
position (Found: N = 10-5. Cale., N = 10-4 per cent.). 

The benzylidene derivative, (MeO),C,H,Me-CO-CH°CH-C,H,, 
separated as a mass of crystals when the solution of the ketone 
and benzaldehyde in a small quantity of methyl alcohol was mixed 
with a few drops of 50 per cent. potassium hydroxide and allowed 
tostand. After crystallisation from alcohol, from which it separated 
in needles, it melted at 110° (Found: C= 768; H=6%. 
C,,H,,0, requires C = 76-6; H = 6-4 per cent.). 

The piperonylidene derivative, prepared in a similar manner, 
crystallises from alcohol and melts at 109°. 


5-Hydroxy-4-methoxy-o-tolyl Methyl Ketone, oe coe 


This substance, produced during the interaction of acetyl] chloride 
with homoveratrole in the presence of aluminium chloride, is 
extracted from the main product of the reaction with sodium 
hydroxide (A, p. 1731). 

The deep brown, alkaline extract is acidified, when an oil separates 
which soon solidifies to a brown mass; this is collected, washed, 
and extracted several times with boiling water. The aqueous 
extract, after decolorising with animal charcoal, deposits a mass of 
glistening crystals, and a further considerable crop is obtained 
by concentrating the filtrate on the steam-bath under reduced 
pressure. Finally, the substance is crystallised either from much 
light petroleum or from a mixture of benzene and light petroleum, 
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in which it is more soluble, and from which it separates in colour- 
less, glistening, fern-like masses (Found: C= 66:3; H = 68. 
CypHy20; requires C = 66-6; H = 6-7 per cent.). A Zeisel deter- 
mination gave OMe = 16-7, whereas C,9H,,0, containing 10Me 
requires OMe = 17-2 per cent. 

5-Hydroxy-4-methoxy-o-tolyl methyl ketone melts at 123° and is 
sparingly soluble in water or light petroleum, but dissolves readily 
in methyl alcohol or benzene. The solution in methyl alcohol 
gives with ferric chloride a rather faint yellowish-green coloration. 

The phenylhydrazone was prepared by adding the hydroxy- 
ketone (1 gram) to a solution of phenylhydrazine (3 grams) in 
50 per cent. acetic acid and heating on the steam-bath for a few 
minutes. The yellow solution clouded on cooling and gradually 
deposited the hydrazone as a crystalline mass, which was collected 
and recrystallised from methyl alcohol, in which it was sparingly 
soluble in the cold and from which it separated in glistening prisms 
melting at 164—165° (Found: N= 10-4. C,,H,,0,N, requires 
N= 10-4 per cent.). 

The Semicarbazone-——The hydroxy-ketone dissolves in a hot 
strong solution of semicarbazide acetate and, on standing, groups 
of prisms slowly separate. This semicarbazone softens at 220° 
and decomposes at about 228—230°; it is sparingly soluble even 
in boiling water, but dissolves readily in dilute sodium hydroxide 
solution (Found: N = 17-7. C,,H,,0,N, requires N = 17-7 per 
cent.). 

The piperonylidene derivative, 

MeO-C,H,Me(OH)-CO-CH:CH-C,H,:0,:CH,, 

is readily prepared by boiling the hydroxy-ketone with a methyl- 
alcoholic solution of piperonal and rather more than one molecular 
proportion of potassium hydroxide for twenty minutes. After 
most of the methyl alcohol has been distilled off under reduced 
pressure, dilute hydrochloric acid is added, and the solid mass 
ystallised from alcohol, from which it separates in yellow needles 
melting at 158° (Found: C = 69-0; H = 5-2. C,gH,,0; requires 
0= 69-2; H = 5-2°per cent.). 

The Acetyl Derivative—In preparing this derivative, the hydr- 
xy-ketone was boiled with excess of acetyl chloride for half an 
tour and the excess distilled from the clear solution, when a syrup 
‘mained which soon crystallised. The whole was stirred with a 
ittle methyl alcohol, in which the acetyl derivative was sparingly 

luble, filtered with the aid of the pump, and recrystallised from 
ethyl alcohol, from which the acetyl derivative separated in 

msmatic needles melting at 108° (Found: C = 64:8; H = 6-5. 

w,O, requires C = 64:8; H = 63 per cent.). 
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Methylation of the Hydroxy-ketone—The ketone (1 gram), su 
pended in a little methyl alcohol, was gradually mixed with methyi 
sulphate (1-5 c.c.) and methyl-alcoholic potassium hydroxide (5 ¢,, 
of 25 per cent.), and, after remaining for an hour, the who 
was heated on the steam-bath for ten minutes. On the adi. 
tion of water, a mass of needles gradually separated, and this was 
collected and recrystallised from a little methyl alcohol, fron 
which the substance separated in small prisms melting at 16° 
That this substance is 4: 5-dimethoxy-o-tolyl methyl keton 
(m. p. 76—77°; p. 1731) was shown by careful comparison and by 
the method of mixed melting points. The conversion under the 
conditions described above is almost quantitative. 


Oxidation of 4: 5-Dimethoxy-o-tolyl Methyl Ketone. 


The main object of the study of this oxidation was to discover 
the conditions for the preparation of 4 : 5-dimethoxy-o-phthalonic 
acid in a state of purity. It is explained in the introduction (p. 1725) 
that the oxidation of this ketone by means of permanganate leads 
to the formation, not only of the acid just mentioned, but also of 
4 : §-dimethoxy-o-tolylglyoxylic acid, m-hemipinic acid, and oxalic 
acid, and the complete separation of the phthalonic acid from 
oxalic acid proved to be particularly difficult. As the result of 
series of comparative experiments, the following process has now 
been devised, which yields the phthalonic acid without difficulty 
in a state of purity. A flask containing water (200 c.c.), potassium 
carbonate (10 grams), and the ketone (20 grams), and fitted with 
a vigorously acting stirrer, is heated on the steam-bath until the 
ketone has melted, the source of heat is then removed, and a soll: 
tion of potassium permanganate (75 grams) in boiling water (800 c.c) 
run in rather rapidly. The oxidation appears to take place in 
distinct stages, the first probably being the oxidation of the acetyl 
group and the second that of the methyl group. At first the 
permanganate is very rapidly reduced, sufficient heat being de- 
veloped to cause the liquid to boil vigorously ; ‘at the second stage, 
the action is much less rapid and the flask may be replaced on the 
steam-bath to complete the action. 

The whole is filtered with the aid of the pump, and the faintly 
coloured filtrate and washings of the manganese precipitate a 
mixed with hydrochloric acid until the yellow colour produced just 
persists; the liquid is now acid to litmus, but does not react with 
Congo-paper. After concentrating considerably on the steall- 
bath, the hot liquid, which is now acid to Congo-paper, is made 
strongly alkaline with ammonia, mixed with calcium chloride 
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(40 grams) dissolved in a little water, and, while still hot, the 
granular precipitate is collected with the aid of the pump and 
washed with hot water (filtrate B). The residue, a mixture of 
the calcium salt of the phthalonic acid and calcium oxalate, is 
stirred with hot water and dilute hydrochloric acid until the liquid 
js just (but distinctly) acid to Congo-paper. In this way the 
insoluble neutral calcium salt of the phthalonic acid is converted 
into the soluble acid salt, whereas the calcium oxalate remains 
unchanged. 

After filtering from the calcium oxalate, the filtrate is evaporated 
to a small bulk, when, on standing, the acid calcium salt separates 
splendidly as a hard crust of prisms; it is collected (C) and allowed 
to dry in the air. Analysis showed that this salt, dried at 100°, 
is anhydrous [Found : Ca = 7-5. (C,H 0,),Ca requires Ca = 7:3 
per cent. ]. 

This salt is rather readily soluble in boiling water, but sparingly 
so in the cold, and when the hot solution is decomposed with a 
considerable excess of hydrochloric acid (the phthalonic acid is 
much less soluble in hydrochloric acid than in water), the solution 
gradually deposits the pure acid in crusts of pale amber prisms. 
A large crop of crystals of the same acid is also obtained when the 
filtrate from the calcium salt (C) is mixed with excess of hydro- 
chloric acid and allowed to stand. The filtrate (B) from the 
neutral calcium salts is concentrated considerably, when, on 
standing, a crust of calcium salt separates. This salt is very 
sparingly soluble in boiling water, but readily so in hot dilute 
hydrochloric acid, and, on cooling, an acid separates in pale ochre 
needles which melt at 202—204° with vigorous effervescence, and 
this was found to be m-hemipinic acid.* On mixing the filtrate 
from the calcium salt of this acid with a large excess of hydro- 
chloric acid, a turbidity was produced and soon a large quantity 
of a crystalline acid separated which, after recrystallisation from 
hot water, melted at 155° and proved to be 4: 5-dimethoxy-o- 
tolylglyoxylic acid, (MeO),C,H,Me-CO-CO,H (Harding and Weiz- 
mann, T., 1910, 97, 1128). 

After working up the mother-liquors, the yields of the various 


* (Found: C = 53:2; H= 4:5. C,,H,,O, requires C = 53:1; H = 4:4 
per cent.). At certain concentrations, m-hemipinic acid separates in groups 
of prisms without water of crystallisation, and, if rapidly heated, these melt 
at 189—190° with vigorous decomposition (compare Dobbie and Lauder, 
1, 1899, 75, 677). The behaviour of the acid with ammoniacal calcium 
thloride is characteristic. If the strongly alkaline solution of the ammonium 
ult is mixed with calcium chloride, there is no immediate precipitate, but 
the solution will soon gelatinise, and, on boiling, the sparingly soluble calcium 
ult separates in a crystalline form. 
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substances obtained from the product of the oxidation of 60 grams 
of 4 : 5-dimethoxy-o-tolyl methyl ketone were as follows : 

4 : 5-Dimethoxyphthalonic acid 

4: 5-Dimethoxy-o-tolylglyoxylic acid 

m-Hemipinic acid 

Calcium oxalate 
If the oxidation had proceeded completely from the ketone to the 
phthalonic acid, the yield of the latter should have heen about 


80 grams. 


4: 5-Dimethoxyphthalonic Acid (Formula V). 


This acid is almost miscible with boiling water, and the pale 
amber prisms which separate on cooling contain two molecules of 
water, since, on analysis, the air-dry substance gave C = 45%, 
45°7; H = 5°0, 5:1, whereas C,,H,,0;,2H,O requires C = 45°6; 
H = 49 percent. When the crystals are heated in the steam-oven, 
they readily lose 1 mol. of water (Found : loss = 6°7. C,,;Hj)0;,2H,0, 
losing 1H,O, requires loss = 6°3 per cent.) and the acid then gave 
C= 486; H= 46, whereas C,,H,,0,,H,O requires C = 4855; 
H = 4°4 per cent. 

There is no further loss on heating at 120°, indicating that the 
remaining molecule of water is constitutional.* The acid has no 
definite melting point. If the crystals containing 2H,0 are rapidly 
heated in a capillary tube, they soften at 100°, become yellow, and 
are partly melted at 150°, but fusion is not complete until 187’, 
when decomposition takes place with evolution of gas (see below) 
and formation of a yellow syrup. After the hydrated acid has 
been thoroughly dried in the steam-oven, there is no softening 
below 150°, but above this temperature the acid becomes yellow, 
gradually softens, and melts at 188° with decomposition. 

It was subsequently found possible to prepare the unhydrated 
phthalonic acid by digesting the hydrated acid with much ether, 
in which it is very sparingly soluble, and anhydrous sodium su!phate 
on the steam-bath for two hours. After remaining for two days 
with frequent shaking, the ethereal solution was concentrated 
considerably, when, on standing, a crust of colourless prisms 
separated (Found: C = 520; H=40. ©,,Hj,0, requires C= 
52:0; H = 3°9 per cent.). 

This specimen of anhydrous 4: 5-dimethoxyphthalonie acid 
softened and became gradually yellow above 170° and melted at 


* The statement (T., 1902, 81, 1023) that this acid loses two molecules 
of water at 100° is incorrect. 


crysta 
Water 
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about 187° with decomposition. It is curious that the anhydrous 
acid is sparingly soluble in cold water and dissolves only gradually 
on warming, whereas the hydrated acid is very readily soluble in 
water (see p. 1726). 

Decomposition by Heat.—If the crystals, C,,H,)0,,2H,O, are 
heated in a test-tube at 200—210° in a sulphuric acid bath, the 
melted mass becomes yellow, gives off water and a little carbon 
dioxide, but the gas does not burn, and no direct experiment has 
been made to demonstrate the presence of carbon monoxide. A 
small sublimate, probably consisting of tetramethoxydiphthalyl 
(p. 1726), is deposited in yellow needles on the portion of the tube 
actually in the hot sulphuric acid. 

The yellowish-brown melt, which solidified completely, was 
boiled with a considerable volume of water, when a cloudy liquid 
was produced which, on cooling, deposited a small quantity of a 
red-ochreous mass. ‘This was collected (A) and recrystallised from 
glacial acetic acid, in which the substance was very sparingly 
soluble and from which it separated in pale yellow crystals melting 
above 250°. This substance is probably identical with the sub- 
stance, C.5H,,0,, previously obtained (Perkin, T., 1902, 81, 1025) 
by heating 4 : 5-dimethoxyphthalonic acid with water in a sealed 
tube at 200°, and there can be little doubt that it is tetramethoxy- 
diphthalyl (compare p. 1726). It dissolves in concentrated sulphuric 
aid, yielding an intense purple solution, and the addition of a - 
drop of nitric acid changes the colour to deep bluish-violet. The 
aqueous filtrate (A) from this substance was concentrated con- 
siderably, when it deposited a very small quantity of the anhydride 
of m-opianic acid in needles melting at 230°. On remaining exposed 
to the air, the filtered solution gradually deposited pale amber 
prisms, which melted at 188—190° and consisted of m-hemipinic 
acid, and this acid is the main product of the decomposition. It 
was curious that the mother-liquor from this acid, on long standing, 
gradually deposited a small quantity of the much less soluble 
m-opianic acid. 

Action of Sulphuric Acid.—4 : 5-Dimethoxyphthalonic acid is 
coloured orange-red by sulphuric acid, and, on warming in the 
steam-bath, the solution becomes deep reddish-brown and effer- 
vesces owing to the escape of carbon monoxide. On diluting with 
water, the colour is discharged and the liquid sets to a mass of 
crystals of m-hemipinic acid which, in this case, separated from 
water in needles melting at 200—202°. 
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Action of Aniline on 4:5-Dimethoxyphthalonic Acid. Formation 
of the Aniline Salt of Anilino-4 : 5-dimethoxyphthalonic Acid, 
(MeO),C,H,(CO,H)-C(°-N-C,H;)-CO,H,C,H;-NH,. 


The hot aqueous solution of 4: 5-dimethoxyphthalonic acid 
(2°5 grams) reacts readily with aniline (3 c.c.), and if the cloudy 
liquid is kept at 80—90°, a mass of crystals of the above aniline 
salt will soon separate. 

This is collected with the aid of the pump and washed 
well with water and then with benzene, which removes all the 
coloured impurity and leaves the pure aniline salt as a colourless, 
crystalline mass melting with vigorous decomposition at 179—180°. 
The yield is about 1°8 grams (Found : C = 65°4; H = 5:4; N = 64. 
C,3H.,0,N, requires C = 654; H=52; N= 66 per cent,). 
This substance is rather sparingly soluble in methyl alcohol in the 
cold, but dissolves readily on boiling and separates in glistening 
lamine. It is almost insoluble in benzene or light petroleum, 
and rather sparingly so in cold acetone, from which, however, it 
crystallises well. It dissolves in hot glacial acetic acid, but nothing 
separates on cooling or diluting with water. Dilute hydrochloric 
acid colours it yellow, and on warming a clear, colourless solution 
results, from which nothing separates on cooling. 

The crystals of the aniline salt dissolve readily in concentrated 
sulphuric acid to a deep orange-red solution. 

The aniline salt is decomposed by cold sodium hydroxide solution 
with the separation of aniline, and it is interesting, as showing the 
great tendency to form this salt, that if the liquid is now rendered 
faintly acid with hydrochloric acid, the aniline salt again separates, 
melting at 178° (Found: N = 62 per cent.). If, however, the 
aniline is removed from the alkaline solution by extraction with 
ether, hydrochloric acid precipitates a viscous acid which gradually 
sets to a resin, and this substance is presumably anilino-4:> 
dimethoxyphthalonic acid, but it was not further investigated. 

The aniline salt decomposes on heating at 180—190° with elimina- 
tion of carbon dioxide, and the residual resin crystallises from 
methyl alcohol, melts at about 190° to a cloudy syrup, and consists 
of slightly impure anilino-m-opianic acid (see below). 

This substance was subsequently prepared in considerable 
quantity in the following way. The aniline salt (2 grams) is almost 
insoluble in pure xylene (20 c.c.), but, on boiling in a reflux apparatis 
for half an hour, carbon dioxide is eliminated and a clear yellov 
solution obtained. On cooling, a mass of crystals separates, and 
these are collected and boiled with much methyl alcohol in ordet 


(4 : 5-DIMETHOXY-0-ALDEHYDOBENZOIC ACID). 1739 


to separate the anilino-derivative from a very sparingly soluble 
substance present in small quantity (A, see p. 1740). 

From the concentrated filtrate, the new substance separates as 
a meal of short prisms (Found: N= 5-0. C,,H,;0,N requires 
N = 4-9 per cent.). 

Anilino-m-opianic acid (formula XIII) melts at 213—214° and 
is very sparingly soluble even in boiling methyl alcohol; it dis- 
solves more readily in acetone and crystallises well in short prisms. 

It is coloured yellow by concentrated hydrochloric acid and 
dissolves in concentrated sulphuric acid, yielding a deep pure 
yellow solution which, on the addition of a drop of nitric acid, 
changes to intense brown. It is soluble in dilute ammonia in the 
cold to a colourless solution. The decomposition of this substance 
by hot dilute hydrochloric acid into aniline hydrochloride and 
m-opianic acid is described on p. 1740. 

Action of p-Toluidine on 4: 5-Dimethoxyphthalonic Acid.—The 
solution of the acid (2-5 grams) in boiling water (25 c.c.) was mixed 
with p-toluidine (3-5 grams) and the whole heated on the steam- 
bath, when a crystalline substance separated which was collected 
with the aid of the pump and washed first with water and then 
with light petroleum. The colourless residue of the p-tolwidine 
salt of p-toluidino-4 : 5-dimethoxyphthalonic acid (compare p. 1727) 
separates from methyl alcohol in glistening flakes and decomposes, 
with evolution of gas, at 163—165° (Found: N = 6-3. C,;H.,0,N. 
requires N = 6-2 per cent.). When this substance (3 grams) was 
boiled in a reflux apparatus with xylene (12 ¢.c.) for half an hour, 
crystals of p-toluidino-m-opianic acid (formula XIV) began to 
separate from the hot liquid. After cooling, the substance was 
collected and washed with benzene, when it melted at about 223° 
(Found: N = 4-7. C,,H,,0,N requires N = 4-7 per cent.). 

This substance is decomposed on boiling with dilute hydrochloric 
acid in a similar manner to the corresponding anilino-derivative, 
yielding p-toluidine hydrochloride and m-opianic acid. 


m-Opianic Acid (4: 5-Dimethoxy-o-aldehydobenzoic Acid) 
(Formula VII). 


This acid may be obtained from 4: 5-dimethoxyphthalonic acid 
\) by boiling with a solution of sodium hydrogen sulphite, or 
lll) by digesting anilino-m-opianic acid (see above) with dilute hydro- 
chlorie acid. 

In process (i), the phthalonic acid (25 grams), dissolved in water 
and mixed with anhydrous sodium carbonate (11 grams), is 
‘vaporated to dryness, when the sodium salt remains as a satiny, 

3 0* 
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crystalline mass. Freshly-prepared sodium hydrogen sulphite 
(100 c.c. of 50 per cent.) is warmed at 50°, the powdered sodiun 
salt gradually added, and the whole heated in a water-bath at 
60° for half an hour and then on the steam-bath until gas cease 
to be evolved. The mass is evaporated to a paste, mixed witha 
large excess of 10 per cent. hydrochloric acid, evaporated to con. 
plete dryness, and extracted with ether in a Soxhlet apparatus 
for ten days, during which nearly pure m-opianic acid separates 
from the ether in crusts. The drawbacks to this process are the 
tedious ether extraction and the fact that the yield is not mor 
than 60 per cent. of that theoretically possible. 

In process (ii), crude anilino-m-opianic acid (as it separates from 
the xylene, p. 1738), in quantities of 10 grams, is heated on the 
steam-bath with water (50 ¢.c.) and concentrated hydrochloric 
acid (20 ¢.c.), when the yellow colour first produced soon fades 
and partial solution takes place. After half an hour, the whole is 
cooled, the precipitated acid collected, washed with a little water, 
warmed with dilute sodium carbonate solution, and filtered from 
a small quantity of an insoluble substance (A).* On acidifying the 
filtrate with hydrochloric acid, a chalky precipitate separates 
which melts at 184—185° and consists of almost pure m-opianic 
acid. 

After recrystallisation from water, in which the acid is very 
sparingly soluble in the cold and from which it separates as a 
chalky powder consisting of microscopic, fern-like groups of needles, 
the melting point was 186—187° (Found: C = 57-2; H=50. 
CyoH 0; requires C = 57-1; H = 4°8 per cent.). m-Opianic acid 
is very sparingly soluble even in boiling methyl alcohol, but dis- 
solves readily in boiling acetone; it is also readily soluble in glacial 
acetic acid and separates in microscopic balls of needles. It 
crystallises particularly well from 50 per cent. acetic acid in rather 
characteristic stars of long, striated needles. A careful com- 
parison showed that this acid is identical with the m-opianic acid 
(m. p. 184—185°) obtained from cryptopidene by oxidation with 
permanganate (T., 1916, 109, 928). In addition to the properties 
recorded at that time, the following observations have been made. 
A mixture of the acid with phenol gives, with a little concentrated 
sulphuric acid, a pale cherry-red coloration which, on warming, 

* This curious substance is almost insoluble in the ordinary organic 
solvents, but crystallises from much boiling glacial acetic acid in lemon-yellow 
spangles which do not melt at 280° (Found: C = 66:3, 660; H=5%, 
53; N = 4:3, 4°5. C,¢H,,0,N requires C = 67-4; H = 5:3; N = 49 per 
cent.). This substance is insoluble in boiling methyl-alcoholic potassium 
hydroxide, but dissolves readily in concentrated sulphuric acid without 
change of colour, and the addition of water gives a gelatinous precipitate. 
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becomes deeper and then brown. Water precipitates a yellowish- 
green substance which dissolves in sodium hydroxide to a cherry- 
red solution. The acid, suspended in benzene containing thiophen, 
gives with sulphuric acid an intense cherry-red coloration which 
disappears on dilution with water. The acid dissolves in sulphuric 
acid to a yellow solution, which gradually becomes brown; at 160°, 
much sulphur dioxide is disengaged and the colour becomes deep 
geen and then violet. On adding water, a brown substance 
separates which dissolves in sodium hydroxide, producing a deep 
violet solution, evidently due to the presence of an anthraquinone 
derivative corresponding with rufiopin (tetrahydroxyanthraquinone), 
which is formed under similar conditions from opianic acid (Lieber- 
mann and Chojnacki, Annalen, 1872, 162, 323). 


The Methyl Esters of m-Opianic Acid (compare p. 1728). 


The rormal methyl ester (formula IX) is obtained when methyl 
iodide reacts with the silver salt of m-opianic acid. 

This silver salt was precipitated, on the addition of excess of 
silver nitrate to the neutral solution of the ammonium salt of 
n-opianic acid, as a gelatinous mass which, on standing and especially 
om warming, became granular and crystalline. It was collected 
with the aid of the pump, washed well, and dried on porous porcelain 
in the steam-oven (Found: Ag = 34-0. C, )H,O;Ag requires 
Ag = 34-0 per cent.). 

The dry salt was powdered, digested with anhydrous ether and 
excess Of methyl iodide in a reflux apparatus for two hours, and 
the ethereal solution evaporated, when a colourless syrup remained 
which gradually crystallised in warty groups; crystallisation was 
much facilitated by rubbing with a little methyl alcohol. After 
draining on porous porcelain, the substance was recrystallised from 
methyl alcohol, in which it was much more readily soluble than 
the pseudo-methyl ester (see below) (Found: C = 58-7; H = 5:2. 
(H,,0; requires C = 58-9; H = 5-3 per cent.). 

This normal methyl ester of m-opianic acid melts at 93—95° and 
is readily soluble in benzene and most organic solvents, but is 
paringly soluble in light petroleum. It is insoluble in cold dilute 
«dium hydroxide, but dissolves readily on warming, and hydro- 
thloric acid gives a precipitate of m-opianic acid melting at 185°. 

Action of Aniline —When aniline is added to the warm solution 
of the normal methyl ester in methyl alcohol, the clear liquid soon 
begins to deposit a colourless, crystalline substance which melts 
t about 143° (Found: N = 48. C,,H,,O,N requires N = 4°7 
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There can be no doubt that this interesting substance is the 

methyl ester of normal anilino-m-opianic acid, 
(MeO),C,H,(CO,Me)-CH-N-C,H.. 

The pseudo-methyl ester of m-opianic acid (formula X) is produced 
when m-opianic acid (2°5 grams) is boiled with methyl alcohol 
(50 c.c.) in a reflux apparatus for two hours. The product is con. 
centrated to a third of its bulk, when, on standing, the pseudo. 
methyl ester (2°2 grams) separates as a mass of colourless needles 
(Found: C = 590; H=5°3. (C,,H,,0, requires C = 58°9; H= 
5°3 per cent.). 

This pseudo-methyl ester melts at 142—143° and is less soluble 
in organic solvents than the normal methyl ester. It dissolves, 
however, readily in benzene, but is almost insoluble in light petrol. 
eum, and crystallises well from a mixture of benzene and a little 
light petroleum in needles. It does not dissolve in dilute methy!- 
alcoholic potassium hydroxide in the cold, but, on boiling, is at 
once converted into the sparingly soluble potassium salt of m- 
opianic acid. It differs from the normal methyl ester in crystal- 
lising unchanged from hot methyl! alcohol to which aniline has 
been added. 


Anhydride of m-Opianic Acid. 


This substance is readily produced when the acid, contained in 
a test-tube, is heated in a sulphuric acid bath for four hours at 
200° and then for two hours at 230°. The residue is pale brown 
and sets to a transparent mass like colophony, which is almost 
insoluble in water or dilute ammonia. 

It was powdered, dissolved in boiling acetone, the solution 
digested with animal charcoal, and concentrated, when, on cooling, 
a voluminous mass of colourless needles separated (Found : C = 59%; 
H = 45. C,9H,,0, requires C = 59°7; H = 4°5 per cent.). 

This anhydride shrinks at 210° and melts at about 230°; iti 
sparingly soluble in cold methyl alcohol or acetic acid, but dissolves 
very readily in boiling acetone. It crystallises well from acetic 
acid as a voluminous mass of needles. It does not dissolve in 
methyl-alcoholic potassium hydroxide in the cold, but does 9 
readily on warming and, after adding water and boiling away the 
methyl alcohol, the addition of hydrochloric acid gives a cleat 
solution, from which m-opianic acid crystallises in needles melting 
at 185°, 


Action of Aniline on m-Opianic Acid. 


When the boiling aqueous solution of the acid is mixed with 
aniline, a cloudy liquid is produced and soon a mass of orystal 
will separate. The same substance is obtained when aniline 5 
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added to a boiling methyl-alcoholic solution of m-opianic acid. It 
is sparingly soluble in boiling methyl alcohol and crystallises in 
stout prisms melting at 213—214°. 

An analysis, careful comparison, and mixed melting-point deter- 
mination showed that this substance is identical with the anilino- 
m-opianic acid obtained in the manner described on p. 1727. As 
this result was unexpected (compare p. 1729), a similar experiment 
was made on the action of p-toluidine on m-opianic acid, when a 
substance was immediately produced which, after crystallisation 
from methyl alcohol, melted at 220—222° and was found to be 
identical with the p-toluidino-m-opianic acid described on p. 1727. 


Action of Phenylhydrazine on m-Opianic Acid: Formation of the 
Phenylhydrazone of m-Opianic Acid and of Phenyl-m- 
opiazone (Formule XVIII and XIX). 


When phenylhydrazine is added to the boiling aqueous solution 
of m-opianic acid, a voluminous, crystalline precipitate separates 
which, since it is completely soluble in cold dilute ammonia, evidently 
consists entirely of the phenylhydrazone and does not contain any 
phenyl-m-opiazone (see below). This substance is very sparingly 
soluble in boiling methyl alcohol, and separates in minute, lemon- 
yellow needles which must be at once collected, because, if allowed 
to remain, they will become contaminated with colourless crystals of 
phenyl-m-opiazone (Found: N = 9°2. (C,,¢H,,0,N, requires N = 
93 per cent.). The hydrazone shows a striking behaviour in a 
capillary tube, since at 185—190° the yellow crystals suddenly 
become colourless owing to conversion into phenyl-m-opiazone 
and the melting point is then 228°. Another way of converting 
the hydrazone into the opiazone is by boiling with concentrated 
hydrochloric acid, when the orange solution first produced becomes 
colourless and crystals of the opiazone separate. This substance 
was recrystallised from much alcohol, from which it separated in 
glistening needles melting at 228° (Found: N = 9'8. (,,H,,0,N, 
requires N = 9-9 per cent.). 

Phenyl-m-opiazone dissolves in concentrated sulphuric acid to a 
colourless solution, and the addition of a drop of nitric acid produces 
asalmon coloration which is discharged by water. 

Action of as-Phenylmethylhydrazine—When the boiling aqueous 
solution of m-opianic acid is mixed with phenylmethylhydrazine, a 
Voluminous, crystalline precipitate separates which crystallises from 
alcohol, in which it is very sparingly soluble, in balls of yellow 
needles (Found: N=9'l. (C,,H,,0,N, requires N= 8-9 per 
cent.). The phenylmethylhydrazone of m-opianic acid melts at 
about 237° without change of colour, and is incapable, owing to 
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the presence of the methyl group, of being converted into a sub. 
stance of the type of phenyl-m-opiazone. When heated at 250°, 
this substance melts to a dark brown syrup, gives off gas, and the 
residue crystallises in needles insoluble in ammonia. No further 
examination was, however, made of this product. 


Action of Phenylhydrazine and of Phenylmethylhydrazine on Opianic 
Acid. 

These experiments were instituted with the object of comparing 
the behaviour of opianic acid and m-opianic acid when treated with 
these reagents. Liebermann (Ber., 1886, 19, 764) states that the 
hot aqueous solution of opianic acid gives, with phenylhydrazine 
hydrochloride and sodium acetate, an oil which, on cooling, solidifies 
and after recrystallisation melts at 175° and has the formula 
C,gH,,0,N, (phenylopiazone). Since this behaviour is very dif- 
ferent from that of m-opianic acid (see above), the action of phenyl- 
hydrazine on opianic acid was repeated and it was found that the 
oil produced on mixing a hot aqueous solution of opianic acid 
with phenylhydrazine is evidently the normal phenylhydrazone, 
C,gH,,0,N., since it is completely soluble in ammonia in the 
cold. This substance, unlike the phenylhydrazone of m-opianic 
acid, is very unstable and quickly passes into phenylopiazone 
with loss of water. The stable phenylmethylhydrazone is readily 
obtained when a boiling aqueous solution of opianic acid (5 grams) 
is mixed with phenylmethylhydrazine (2°5 c.c.). The milky liquid 
deposits an oil which will soon crystallise, and this substance 
separates from methyl alcohol, in which it is readily soluble, in 
groups of lemon-yellow needles (Found: N = 89. (C,,H,,0,N, 
requires N = 8°8 per cent.). 

Opianic acid phenylmethylhydrazone melts at 167° with previous 
softening, and is immediately soluble in cold dilute ammonia. 


THE Dyson PEeRRINS LABORATORY, 
OXForD. (Received, September 27th, 1921.] 


CXCVIII.—The Constitution of Polysaccharides. 
Part III. The Relationship of 1-Glucosan to ¢- 
Glucose and to Cellulose. 


By James CoLquHoun IRvINE and JoHN WALTER Hype OLDHAM. 


IN a previous communication (Irvine and Soutar, T., 1920, 117, 
1489) it has been shown that the yield of pure glucose obtainable 
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from cotton cellulose is, as a minimum, 85 per cent. of the theoretical 
amount calculated on the basis of the equation (Cg,H4905)n + 
»H,0 —> nC,H,,0,. This result is in itself insufficient to prove 
that the molecular unit of unmodified cellulose consists entirely of 
condensed glucose residues, but additional evidence pointing to 
this conclusion has been obtained in the course of recent work 
(Monier-Williams, this vol., p. 803). During the past four years, 
discussion on the constitution of cellulose has been prominent, and 
of the various structural alternatives which have been put forward 
the simplest is that cellulose may be regarded as a polymeride of 
CH 99;- The unit, in turn, would be derived from glucose, so 
that, on this basis, the degradation of cellulose involves both 
depolymerisation and hydrolysis. It is unnecessary to review the 
earlier literature in which this idea has been developed, as the 
subject has been extensively studied by Pictet and his collaborators 
who, in a series of papers, have contributed some interesting sugges- 
tins (Pictet and Sarasin, Helv. Chim. Acta, 1918, 1, 187, and 
subsequent papers). 

It will be recalled that, by subjecting either cellulose or starch 
to dry distillation under diminished pressure, Pictet obtained a 
number of volatile products, the most significant being the well- 
defined crystalline compound hitherto known as “ /-glucosan.” 
The compound in question, which had previously been obtained by 
the hydrolysis of certain natural glucosides, possesses the formula 
(,H,)0; and is convertible into glucose on treatment with acids. 
Glucosan thus represents one of the possible anhydro-glucoses, and 
it may be remarked that according to current views on sugar 
structure (Irvine, Fyfe, and Hogg, T., 1915, 107, 524, and subse- 
quent papers) no fewer than forty non-reducing anhydro-glucoses 
may exist, and the number of isomerides is increased to 100 if 
reducing compounds are taken into account. Pictet’s observation 
is interesting and offers a convenient method of preparing glucosan, 
but it is doubtful if the formation of this anhydride gives any clue 
to the constitution of starch or of cellulose. According to Pictet, 
both polysaccharides are polymerides of glucosan, and consequently 
dry distillation involves merely disruption of the complexes into the 
simple units of which they are composed. In the particular case 
of carbohydrates, where the complexity of the changes undergone 
during heating are notorious, it is unlikely that clear evidence as to 
molecular structure could be obtained in any reaction conducted 
at high temperatures. Nevertheless Pictet, in extending his 
experiments on the dry distillation of carbohydrates and their 
derivatives, has not only claimed that cellulose and starch are 
polymerides‘of glucosan, but has not hesitated to propose radical 
iterations in the formule generally accepted for certain natural 
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glucosides, the suggestions being based on the fact that, in such 
cases also, glucosan was present in the volatile products of decom. 
position. These conclusions will be criticised in due course, mean. 
while it may be stated that the results now communicated show that 
there is no structural relationship between cellulose and 1-glucosan, 
It is inadvisable to speculate as to the course of the reactions 
involved in the dry distillation of cellulose, but, as acids are produced, 
it is highly probable that hydrolysis to $-glucose is an essential 
factor and that the sugar is thereafter converted into the correspond. 
ing anhydride. It has, in fact, been proved experimentally in the 
course of the present research that J-glucosan is 1 : 6-6-glucose 
anhydride and accordingly the expression “ $-glucosan” may be 
substituted for the older name. 

In order to explain the principle underlying the investigation, it 
is necessary to refer to results obtained in this laboratory by Denham 
and Woodhouse (T., 1913, 103, 1735, and subsequent papers). 
These workers found that cellulose could be converted into a tr- 
methyl cellulose from which, on hydrolysis, a crystalline trimethyl 
glucose was obtained. Obviously, if cellulose is a polymerised 
6-glucosan, trimethyl! cellulose must be regarded as a polymeride of 
trimethyl 8-glucosan. Pictet’s views can thus be subjected to a 
rigid experimental test by preparing trimethyl glucosan and con- 
verting it into the corresponding trimethyl glucose by hydrolysis. 
The scheme involved, together with the relationship of cellulose to 
cellobiose, may be represented diagrammatically as under : 
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Trimethyl glucose. Trimethyl glucose.  Trimethyl glucose. 
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If the trimethyl glucoses indexed as A and B are identical, it follows 
that the glucosan unit is present in cellulose, and Pictet’s polymerisa- 
tion theory would then receive strong support. On the other hand, 
if the methylated glucoses are isomeric, Pictet’s views cannot 
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upheld. We find that the trimethyl glucose (A) derived from 
gucosan is not identical with that prepared from trimethyl cellulose, 
but is the sugar already obtained by one of us from methylglucoside 
(irvine and Dick, T., 1919, 115, 593) and by Haworth and Leitch 
(I, 1919, 115, 809) from maltose. Further, the identity of 
Band C (Haworth and Hirst, this vol., p. 193) shows clearly 
that the cellobiose residue is an integral part of the cellulose 
molecule. 

3.Glucosan, prepared by Pictet’s method, was converted by the 
silver oxide reaction into trimethyl 8-glucosan, at least two treat- 
ments with the methylating mixture being necessary. Unless 
properly conducted, excessive oxidation occurred with the con- 
sequent formation of alkylated acids and esters, but under suitable 
conditions a good yield of trimethyl glucosan was obtained. This 
compound distilled at. 135°/12 mm. as a mobile, refractive liquid 
which solidified to a mass of large, colourless prisms, melting after 
recrystallisation from ethyl acetate or from ether at 63—64°. The 
compound is readily soluble in organic solvents, is levorotatory, 
and is devoid of action upon Fehling’s solution. 

When trimethyl £-glucosan was heated at 100° with dilute 
hydrochloric acid, the rotation altered from levo to dextro, and 
the trimethyl glucose thus produced was isolated as described 
in the experimental part. The properties of the sugar are com- 


pared below with those of the isomeride obtained from trimethyl 
cellulose. 


Trimethyl glucose from trimethyl 

Trimethyl glucose from glucosan. cellulose. 

Liquid; b. p. 160—164°/0°-2 mm. Crystalline; m. p. 123—124°, 

Gives trimethyl glucosan on heating. Stable on heating. 

— a crystalline £-methylglucos- Gives a liquid 8-methylglucoside. 
ide. 

May be obtained from maltose but May be obtained from cellobiose but 
not from cellobiose. not from maltose. 


Despite the fact that their optical rotations lie close together, 
there can be no doubt that the compounds are utterly distinct, 
and the significance of this result has already been pointed 
out. 

With the object of establishing the constitution of glucosan, 
attention was accordingly directed to the detailed study of the 
ttimethyl glucose obtained from it. The variable optical rotations 
displayed by different preparations of the sugar suggested its 
identity with the form of trimethyl glucose already isolated from 
methylglucoside and from maltose. 
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Trimethyl Glucose. 
(1) (2) (3) 


Irom methyl- From From 
= maltose. B-glucosan, 


[a], im water ..........ceceee0. + 48°6°; 60°7 +. 69°3° +- 47°3°; 66:9° 
gin ME IID hic ccc scans 4 46°2°; 58: ae -+- 61°4° + 60°8° 
ae ‘sesseee 1°4780 1:4768 1°4792 1-4780; 1:4789 
Composition found — == 49°03; C = 48°52; C = 48°58; 

7 H = 8°02 H = 8:09 % 


Composition caleulated ... C — 48°64; H — 8:10 % 


It will be seen that although the five different preparations of the 
sugar proved on oxidation to be identical in structure, the specific 
rotations showed curious irregularities. A satisfactory explanation 
of this is found in the analytical results, in which the hydrogen 
value is slightly low whilst the carbon content is either very close 
to the calculated value or is actually higher. We have shown that 
the variations in activity and the abnormality in the analytical 
results are due to the tendency of the sugar to pass into the corre- 
sponding anhydride, small quantities of which are produced in the 
course of vacuum distillation. This internal dehydration takes 
place most readily with the 8-isomeride and the production of even 
minute quantities of the $-anhydride (that is, trimethyl glucosan) 
depresses the activity greatly without notable alteration of the 
analytical results. 

The most trustworthy optical rotation of the trimethyl glucose 
is given by observing the end-point attained when the sugar is 
formed by hydrolysis. Thus, on hydrolysing trimethyl glucosan, 
the specific rotation of the sugar present in the solution was +75°8°, 
whilst starting from trimethyl methylglucoside the value +73:S° 
was recorded. The true rotation of the sugar in water is doubtless 
of the above order, but the identification of this form of trimethyl 
glucose is a difficult matter and depends ultimately on the results 
of oxidation. 

In the first place, in order to establish that the trimethyl glucose 
obtained from glucosan is a derivative of butylene-oxide glucose, 
the compound was fully methylated by the silver oxide reaction. 
The product consisted of «- and 8-tetramethyl methylglucosides 
which, on hydrolysis, were converted into tetramethyl glucose of 
the butylene-oxide type, melting, after recrystallisation, at 95—96°.* 


* It is unfortunately necessary to correct one of the misleading statements 
made by Karrer, who has chosen to conduct investigations on the field 
associated with this laboratory and to copy our methods. He claims (Karrer 
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When oxidised with nitric acid, the trimethyl glucose was con- 
verted into trimethyl saccharolactone; which was isolated in the 
form of its ethyl ester. From this, in turn, the parent lactonic 
aid was regenerated and found to be identical with that described 
by Haworth and Leitch (loc. cit.). The compound is thus derived 
fom a dibasic acid, and the trimethyl glucose yielding such an 
acid must have the constitution shown below : 


OH-CH,*CH(OMe)-CH-CH(OMe)-CH(OMe)-CH-OF. 


4s a necessary consequence, it follows that in the formation of 
gucosan from glucose, dehydration involves the reducing group 
and also the terminal primary alcoholic group. Provided the 
butylene-oxide structure is preserved (which has now been shown 
to be the case), two possibilities are available according as the sugar 
reacts in its «- or ®-form. There should thus be two possible 
sucosans possessing the following constitution : 


and Widmer, Helv. Chim. Acta, 1921, 4, 174) that “ B-tetramethyl glucose ”’ 
melts at 94°, and not at the lower values which have been reported in our 
papers. It may be pointed out that although many researches have been 
devoted to the subject, 8-tetramethyl glucose is quite unknown, as only the 
eform and the equilibrium mixture have been isolated. Evidently Karrer 
has made the elementary mistake of assuming that a sugar isolated from a 
glucoside will permanently retain the 8-configuration. 

That Karrer’s statement is not due to a typographical error is confirmed 
by the importance he attaches to the fact that, in the complete methylation 
of cellobiose, he obtained a pure §-form, whereas Haworth and Hirst’s pre- 
paration of heptamethyl methylcellobioside (loc. cit.) admittedly contained 
some of the a-isomeride. This implied criticism of Haworth and Hirst’s 
results is quite unjustified, as, irrespective of the proportions of a- and B-forms 
ina glucoside, the same sugar is isolated after hydrolysis. This was estab- 
lished many years ago (Purdie and Irvine, T., 1904, 85, 1049, and subsequent 
papers) as part of the pioneer work conducted in this laboratory in preparation 
for our investigation of the constitutional problems of the di- and poly-sac- 
charides, 

The error made by Karrer is unlikely to mislead experienced workers in 
the sugar group, but unless corrected may give rise to confusion in view of 
the complications of the nomenclature now in use. 

Further, it must be stated that it has long been known to us that the 
melting point of tetramethyl glucose rises as the content of the a-isomeride 
increases. The melting point thus varies greatly according to the proportion 
of a-form present and is further affected, owing to conversion into the B- 
isomeride, by the rate of heating during the determination. Values of 100° 
may be obtained by rapid heating, but we prefer to quote an average figure 
based, not on one result, but on an experience extending over twenty 
years, 
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a-Glucosan. B-Glucosan. 


The above formule are based on Béeseken’s structure for «- and 
8-glucose, and lead at once to the conclusion that levo-glucosan is 
derived from 8-glucose. This agrees with the formula put forward 
by Pictet (Helv. Chim. Acta, 1920, 5, 649) and the 8-configuration 
was confirmed in the following way. ($-Glucosan was heated at 
100° with methyl alcohol containing 0-5 per cent. of hydrogen 
chloride, the time of treatment being varied so as to arrest the 
reaction before the methylglucoside first formed had assumed 
equilibrium with its stereoisomeride. The crystalline product 
invariably contained a greater proportion of the §-isomeride than 
was found in the equilibrium mixture by Jungius (Proc. K. Akad. 
Wetensch. Amsterdam, 1903, 6, 99), thus indicating that (-methyl- 
glucoside is the first product when the glucosan ring is opened. 

Parallel experiments conducted on trimethyl glucosan gave a 
similar result, and the reaction yielded mainly the crystalline 
trimethyl $-methylglucoside, m. p. 86—88°. As this particular 
glucoside had not been previously obtained in the 6-form, the 
compound was prepared directly from trimethyl glucose. The two 
preparations proved to be identical in every respect, thus confirming 
the @-configuration of levo-glucosan. 

It is now possible to trace the main reactions which are 
responsible for the formation of $-glucosan from cellulose. In 
the course of the dry distillation, acids are produced in con- 
siderable quantity with the consequent formation of glucose. The 
8-form of the sugar then undergoes dehydration and distils for- 
ward as the anhydride. It may be remarked that the distillation 
under diminished pressure of carbohydrates and their derivatives 
is greatly affected by the speed of heating. When the time of 
contact with the hot surface is reduced to a minimum it is possible 
to remove the volatilised material before appreciable decomposition 
takes place. Thus, we find that, under conditions described in 
the experimental part, not only $-glucosan but both «- and p- 
methylglucosides may be distilled unchanged in practically quanti- 
tative amount. These examples show that many factors are 
operative in determining when a carbohydrate or its derivatives 
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nay be found in the products of dry distillation, but it is evident 
that any compound which yields 8-glucose on hydrolysis may be 
apected to yield @-glucosan in Pictet’s reaction. The complete 
gries of reactions carried out in the course of the research is shown 
in the following scheme : 


Starch Cellulose 


se en 
> < 
GLUCOSAN 
Y B-Methylglucoside 
Trimethyl glucosan 
See” 
| “Tein 
| Trimethyl 
| B-methylglucoside 
Y + 


TRIMETHYL GLUCOSE Z——— 


_—— tia 


Tetramethyl methylglucoside Ethyl ester of trimethyl 
| saccharolactone 


Tetramethyl glucose Trimethyl saccharolactone. 


Discussion of Results. 


The essential point which has emerged as an issue of the present 
rsearch is that ®-glucosan bears no structural relationship to 
cellulose. Pictet’s views appear to have been widely accepted, but 
have not escaped criticism, and, in particular, it has been pointed 
out that they are inconsistent with the fact that cellulose can be 
degraded to cellobiose, and starch to maltose. It has now been 
established that the conversion of cellulose into -glucosan is 
esentially a dry distillation of 8-glucose. Our results thus support 
the opinion expressed by Hess and Mittelsbach (Zeitsch. Elektro- 
chem., 1921, 26, 232) and no other conclusion can be drawn than 
that the production of glucosan from cellulose is adventitious. 

Recently, however, Reilly (Helv. Chim. Acta, 1921, 4, 616) has 
replied to Hess and produced evidence which he claims to 
substantiate Pictet’s polymerisation theory. Reilly subjected 
methylated celluloses to dry distillation under diminished pressure 
and obtained a “‘ dimethyl] levo-glucosan ”’ from which a “ dimethyl 
glucose’? was obtained. These results have no bearing on the 
problem at issue. An incompletely methylated cellulose, irre- 
spective of its constitution, would give products of the above 
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composition, and the conversion of the dimethyl glucose into , 
trimethyl glucose which could be compared with Denham and 
Woodhouse’s product would be valueless (even if it were possible), 
as there is no means of determining which of the hydroxy] positions 
available for methylation should be substituted. The results we 
now contribute supply the necessary information and lead to an 
entirely different conclusion. 

With regard to the structure of 8-glucosan, the formula we suggest 
agrees with that which Pictet finally supported (Helv. Chim. Acta, 
1920, 3, 649), but it must be pointed out that his explanation of 
the isomerism displayed by the so-called “ d-”’ and “/-”’ glucosans 
is most improbable. He regards both anhydrides as derived from 
the same form of glucose, the anhydride ring being an cthylene 
oxide for the d-form, and a hexylene oxide for the /-isomeride. In 
all probability d-glucosan will be found to be an anhydride of 
a-glucose just as /-glucosan is now shown to be the 1 : 6-anhydride 
of 8-glucose. 


Suggested Relationship of 8-Glucosan to Natural Glucosides. 


In developing the idea that $-glucosan is a constituent part of 
important carbohydrates, Pictet (Helv. Chim. Acta, 1919, 2, 698) 
has proposed radical alterations in the constitution of certain 
natural glucosides. Recognising that many of these compounds 
share with 8-glucosan the property of being levorotatory, he suggests 
that they are structurally related. So many objections may be 
offered to this opinion that it is needless to summarise them. The 
fact that typical glucosides, such as salicin, give 2-glucosan on dry 
distillation is regarded by Pictet as confirmatory evidence, but if 
reference to the standard literature on the sugars is made it is in- 
conceivable that such views will find acceptance. Natural glucos- 
ides are levorotatory in that essentially they are derivatives of 
8-glucose, and it may be recalled that when Nef put forward the 
idea that «- and §-glucosides differed structurally, and not in the 
stereochemical position of the glucosidic group, his arguments were 
convincingly refuted by Fischer. 

One of the test cases quoted by Pictet may now be criticised in 
detail in order to show how divergent his glucoside formula is from 
well-established reactions. He suggests for salicin the structure 
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Quite apart from the fact that a substance of the above type would 
probably be a reducing sugar and not a glucoside, it is evident 
that no attention has been directed to the constitutional study 
of salicin undertaken by Irvine and Rose (T., 1906, 89, 814). ‘These 
workers prepared, both synthetically and directly from salicin, a 
well-defined, crystalline pentamethyl salicin. This, in turn, gave 
on hydrolysis tetramethyl glucose of the butylene-oxide type : 


Se O- = “—. 
OMe-CH,-CH(OMe)-CH-CH(OMe)-CH(OMe)CH-OH * 


In other words, salicin is constituted on the same model as 8-methyl- 
glucoside, so far as the sugar chain is concerned. 

On the other hand, according to Pictet’s formula the only alkylated 
sugar obtainable from pentamethyl salicin would be a tetramethyl 
hexose of the structure shown below : 

OMe-CH,*CH-CH(OMe)-CH(OMe)-C(OH)-CH,*OMe. 
| O | 
The above sugar has already been described and is not a derivative 
of glucose, but is the tetramethyl fructose of the butylene-oxide 
type (Steele, T., 1918, 113, 257). It bears no relationship to tetra- 
methyl glucose, which, as stated, has long been known to result 
when pentamethyl salicin is hydrolysed. 

The acceptance of Pictet’s views would thus mean that the 
naturally-occurring glucosides showing a levorotation are not 
glucosides but fructosides. It may be remarked that, since putting 
forward his glucoside formula, Pictet has revised his opinion as to 
the constitution of glucosan. He has not, however, corrected his 
formule for salicin and other natural glucosides, nor would it be 
possible to do so without assuming rupture of the butylene oxide 
ring. This again would preclude the possibility of pentamethyl 
salicin yielding tetramethyl glucose or of being synthesised from 
this sugar. 

These criticisms are offered in the hope that the permanent 
literature of the sugars will not be further complicated by specula- 
tions on structure which are based on insecure evidence and are 
made without reference to previous work. 


EXPERIMENTAL. 
Preparation of -Glucosan. 


The conditions laid down by Pictet and Sarasin were followed 
and in the first instance a specially pure form of fibrous cellulose 
wasemployed. From the semi-crystalline distillate pure 6-glucosan 
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was isolated, and similar results were obtained with cotton woo 
and filter paper. The use of cellulose in any form is inconvenient, 
The low thermal conductivity of the material prevents uniform 
heating of the mass and although in small-scale working the yieli 
of distillate quoted by Pictet (44 per cent. of the cellulose taken) 
was verified, it was seriously diminished when larger quantitig 
were employed. The bulk of the glucosan required was therefor 
prepared from starch, used in the form of lumps as the powdered 
material proved unsuitable owing to the fine particles being carried 
forward mechanically during the vacuum distillation. 

The distillation apparatus was made of quartz and was attached 
to an efficient condensing system, the vacuum being provided bya 
Geryk oil pump driven electrically at a speed which kept the 
pressure at 8—10 mm. In the earlier experiments, heating was 
effected by immersion in a bath of fusible metal, but in large-scale 
working superior yields were obtained by heating with the free 
flame. This must be conducted cautiously at first, as otherwise 
the starch swells and fills the side tube of the flask, but in the 
later stages of the distillation both the bottom and sides of the 
flask were heated with powerful burners so as to prevent refluxing. 

In each experiment 100 grams of starch were used, giving from 
43—48 grams of a dark, viscous syrup which distilled at 250— 
300°/10 mm., a carbonaceous residue remaining behind. The syrup. 
on keeping in shallow vessels, gradually crystallised, and after 
draining on a porous plate the material was washed with cold 
acetone and crystallised from boiling alcohol. Thereafter, the 
product was decolorised by boiling in aqueous solution with animal 
charcoal and, on recrystallisation from water, gave pure {-glucosan. 
In all, 4300 grams of starch yielded 1670 grams of syrup, from 
which 230 grams of pure glucosan were isolated. The yield is thus 
less than 6 per cent. of the polysaccharide used, but may be much 
improved by modifications which will be described in another 
communication. 


Preparation of Trimethyl ®-Glucosan. 


This reaction was carried out on several occasions, but only one 
typical experiment need be quoted. Twenty-five grams (1 mol.) of 
glucosan were dissolved in 132 grams (6 mols.) of methyl iodide 
mixed with 115 c.c. of methyl alcohol. Methylation was effected 
by the gradual addition of 108 grams (3 mols.) of silver oxide and 
the reaction was continued at the boiling point of the liquid for 
seven hours. On isolating the product in the usual manner, 4 
viscous syrup remained which, as a rule, was fully soluble in methyl 
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iodide. Complete methylation resulted when a second treatment 
with the above proportions of the methylating reagents was given, 
very little, if any, extraneous solvent being employed. The pro- 
duct was extracted with boiling ether and the filtered extract dried 
and evaporated. In this way 27 grams of a mobile syrup remained 
which boiled indefinitely at 140—170°/20 mm. On repeated 
fractionation, the material was separated into two components, 
the main fraction boiling at 145—150°/18 mm. and the less volatile 
liquid at 165—169°/17 mm. The distillate of lower boiling point 
crystallised readily, and the solid was removed by suction and 
recrystallised from ether. The product separated in aggregates of 
thombohedra, and an average specimen melted at 62°, the maximum 
recorded being 66°. ‘Tlie boiling point of the purified material was 
135°5°/12 mm. (Found: C= 52°76; H=17'75; OMe = 45°5. 
(,H,,0; requires C = 52°94; H = 7°84; OMe = 45°6 per cent.). 
The molecular weight, determined in benzene by the ebullioscopic 
method, was 212 (C,H,,0; requires M = 204), so that the compound 
was monomolecular. 
Solvent. C. [aj 
Acetone ......ccccsecceeeesseeee 5°0000 — 63°6° 
WORD ccsnsacccssassceceesensees 5:0000 — 63°5 


Methyl alcohol .............  4°9916 — 53:2 
BOING onccns ciecsncsscrscccice 5:0000 — 48°5 


Conversion of Trimethyl @-Glucosan into Trimethyl Glucose. 


A 7-5 per cent. solution of trimethyl glucosan was prepared in 
water containing 3-6 per cent. of hydrochloric acid and the solution 
was heated on a boiling-water bath, polarimetric readings being 
taken at intervals of an hour. The rotation gradually altered 
from levo to dextro, and finally, after six to eight hours, attained 
apermanent value which varied between ++ 70-0° and 76-6°. There- 
after the acid was neutralised with lead or barium carbonate, and 
the solution filtered and evaporated to dryness in a vacuum. On 
extracting the residue with acetone and removing the solvent, a 
syrup remained. This was essentially trimethyl glucose con- 
taminated with traces of lead compounds which were, however, 
left undissolved on extraction with ether. The purified sugar was 
distilled (b. p. 160—164°/0-2 mm.) and rectified in the course of a 
second distillation. The refractive index, n,, was 1-4780 (Found : 
C= 48-58; H = 8-09; OMe = 41-9; M, in boiling benzene solu- 
tin, = 231. C,H,,0, requires C = 48-64; H = 8-10; OMe =41-9 
per cent.; M = 222). 

The sugar was a colourless viscid syrup which showed no tendency 
0 solidify when nucleated with the crystalline trimethyl} glucose 
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prepared from cellulose. It failed to form an osazone and yieldej 
a crystalline anilide only with difficulty, but gave a well-defing 
crystalline glucoside when condensed with methyl alcohol. 

The following observations were made on the optical activity 
of the sugar : j 


Solvent. e. . [a]; varied from 
WD dilaccdssneausanisecins eos 4°086 -+ 42-°7° to 668 
ge Sr eaecngne, +473 — 
ES Aine vacnbeninih sen 3°400 -+ 60°8 to 70°5 
Methyl alcohol ...............  3°366 -+ 55°6 to 69°1 
As explained in the introduction, different preparations of this 
sugar give widely divergent specific rotations, and the value 
quoted above are the extremes found by us. Repeated distillation 
depressed the dextrorotation, lowered the hydrogen value, and 
increased the carbon content, so that the result is evidently due to 
dehydration and reconversion into trimethyl glucosan. 

This was confirmed by heating a specimen showing the specific 
rotation -++ 45-9° with 6 per cent. hydrochloric acid. The dextro. 
rotation then increased rapidly and on again isolating the sugar 
it gave [«], ++ 62-2° in aqueous solution. 


Constitution of the Trimethyl Glucose 
obtained from Trimethyl Glucosan. 


Conversion initio Tetramethyl Glucose. 


Two methylations by means of the silver oxide reaction gave 
tetramethyl methylglucoside (nm, = 1-4469). This was hydrolysed 
in the usual manner and as the preparation was a mixture of + 
and £-isomerides the rotation showed the customary rise and fall 
in the dextro-sense. The tetramethyl glucose thus produced 
melted at 96°, gave satisfactory analytical figures, and showed 
mutarotation in absolute alcohol ([«], + 99-4° —> 84-3°). In water, 
the optical change was [«], + 92-2° —> 83-8°, and these values agree 
well with the standards for tetramethyl glucose. 


Oxidation of Trimethyl Glucose. 


In order to decide which of the two possible trimethyl glucoses 
was present the sugar was oxidised in the usual manner with nitric 
acid (D 1-2). A variation was, however, introduced in that after 
the removal of the bulk of the nitric acid by successive concentration 
to half bulk at 40°/20 mm., alcohol was added and the evaporation 
repeated. This treatment was continued and the product was 
finally heated in absolute alcohol containing a trace of hydrogen 
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chloride. In this way the sugar was converted into the ethyl 
ester of trimethyl saccharolactone, which was purified by distillation 
under 0-4 mm. pressure (Found: C = 50-33; H = 6-78; OMe = 
352: OEt = 17-03. C,,H,,0, requires C = 50:38; H = 687; 
(Me = 35-5; OEt = 17-2 per cent.). The compound was a pale 
yellow, mobile liquid and contained one lactonic and one esteric 
group (0-2005 gram required 12-55 c.c. of N/10-alkali in place of 
the calculated amount, 12-75 c.c.). Moreover, when dissolved in 
aqueous alcohol, the compound showed the decrease in dextro- 
rotation characteristic of lactones in this series. 


Solvent. " fa], . 
Absolute alcohol ........+4+. ‘ +. 73°4° 
50% Aqueous alcohol "106 +- 65°8° —> 41°6° in seventy hours, 
The ester was thereafter converted into the corresponding acid 
by heating in aqueous alcoholic solution with excess of barium 
hydroxide. After one hour at 100°, the excess of aikali was pre- 
cipitated with carbon dioxide and the filtered liquid evaporated 
at 50°/20 mm. The barium salt thus obtained was decomposed 
with sulphuric acid and the lactonic acid isolated in the usual 
manner (Found: C = 46-02; H = 6-24; OMe = 38-9. C,H,,0, 
requires C = 46:15; H= 5-98; OMe = 39-7 per cent.). The 
presence of one carboxyl and one lactonic group was confirmed 
by titration, and the change in specific rotation in 50 per cent. 
aqueous alcohol was -+- 76-1° —> 548°. These constants are in good 
agreement with those previously determined for trimethyl sac- 
charolactone. 


Conversion of 8-Glucosan into 8-Methylglucoside. 


For reasons given in the introduction, 8-glucosan was converted 
into the corresponding methylglucoside under conditions which 
minimised the interconversion of the «- and @-forms. A 10 per 
cent. solution of $-glucosan in methyl alcohol containing 0-468 
per cent. of hydrogen chloride was heated at 100°, and samples 
were abstracted at intervals in order to ascertain by methoxyl 
estimations when the whole of the glucosan had reacted. In this 
way it was possible to arrest the condensation before the glucosides 
had attained equilibrium. After forty-one hours’ treatment, the 
crystalline product was isolated and found to consist of a mixture 
of the isomeric methylglucosides (Found : OMe = 15-2. C,H,,0, 
requires OMe = 15-9 per cent.). The amount of pure $-methyl- 
glucoside present was 30 per cent., in place of 23 per cent., which 
is the proportion in equilibrium with the «-form. (-Methylglucoside 
8s therefore the first to be produced when £-glucosan condenses 
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with methyl alcohol, thus proving the §-configuration of th 
anhydro-compound. 

This was confirmed in the course of several experiments. 
example, the reaction between glucosan and methyl alcohol wa 
arrested when the specific rotation was + 72-3°. The mixed 
glucosides thereafter isolated consisted of 62-0 per cent. of the 
a- and 38 per cent. of the $-form. On continuing the condensation 
the proportion of the «-isomeride increased at the expense of the 
8-form, and this increase of activity at the end of the reaction 
confirms that $-methylglucoside is the first product of the con. 
densation. 


Conversion of Trimethyl 8-Glucosan into Trimethyl B-Methylglucoside. 


A 4-4 per cent. solution of trimethyl glucosan in methyl alcohol, 
containing 0-5 per cent. of hydrogen chloride, was heated at 110°, 
and samples were withdrawn after the reaction had proceeded for 
eighty-five hours, one hundred and sixty-six hours, and one hundred 
and ninety hours respectively. In each case the products were 
isolated by standard methods and proved to be mixtures of the 
a- and 8-isomeric forms of trimethyl methylglucoside. The 8-com- 
pound, which crystallised on keeping, was separated by draining 
on a tile and purified from light petroleum. The compound was 
deposited in fine needles, m. p. 93—94° (Found: C = 50-78; 
H = 8-57; OMe = 50-9. Cj9H,,0, requires C = 50-84; H = 8-47; 
OMe = 52-5 per cent.). For c = 1-5, the specific rotation in methyl 
alcohol was — 22-9°. When hydrolysed with 2-5 per cent. hydro- 
chloric acid at 100°, the compound was converted into trimethyl 
glucose, the specific rotation then altering from — 19-6° to + 69-5° 
(corrected for the hexose formed, -+- 73-8°). 

The liquid form of trimethyl methylglucoside consisted of the 
a-isomeride retaining some of the @-form in solution. This was 
shown by the behaviour on hydrolysis with 2-5 per cent. hydro- 
chloric acid. The specific rotation then displayed the characteristic 
rise and fall significant of the presence of two isomerides of opposite 
rotation which hydrolyse at different speeds. 

Time from start 
in minutes. Specific rotation. 


0 +69°7° 
60 83°6 
120 80-0 
380 713 


In this case also, clear evidence was obtained that the reaction 
of the methylated glucosan with methyl alcohol gave the cortes- 
sponding §-glucoside in the first instance, as the proportion of the 
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eystalline isomeride steadily diminished with continued heating. 
Thus, when the condensation was arrested at the end of one hundred 
and sixty-six hours, the specific rotation of the liquid was +- 55-6°. 
After an additional twenty-four hours’ heating, the value had 
increased to -+- 104-8° without any alteration in methoxyl] content, 
showing that the final change is the conversion 8 —> «. 


Distillation of B-Glucosan and of «- and 8-Methylglucoside. 


In view of the opinions expressed in the course of this paper, 
it was desirable to ascertain the behaviour of $-glucosan when 
heated under diminished pressure. It was found that when small 
quantities are used the compound may be distilled unchanged. 
26 Grams of glucosan were heated in a silica flask connected by 
ashort air-condenser to a receiver which was coupled to a pump. 
The material was heated with the naked flame. The compound 
nelted and, under a pressure of 9 mm., commenced to sublime, but 
as the temperature was raised, normal distillation took place and 
23 grams passed into the condenser and receiver. The product, 
after recrystallisation from alcohol, was pure $-glucosan, melting 
at 178—180° and showing [«], — 65-4° in aqueous solution. 

a-Methylglucoside behaved similarly when heated in small 
quantities. Thus, 1-4 grams gave 1:3 grams of distillate which 
slidified to a glass on cooling. On crystallising from alcohol, 
this material was shown to be pure a-methylglucoside, melting at 
167° and giving [«], + 155° in water. 

8-Methylglucoside gave an equally satisfactory result and the 
distillate crystallised in the receiver. Without further purification 
the compound then melted at 104—106°, and this value was un- 
affected by crystallisation from ethyl alcohol or by admixture with 
mauthentic specimen. The specific rotation in water was — 30-0°, 
and the distillate thus consisted of pure $-methylglucoside. The 
above result was not obtained when a metal bath was used as the 
source of heat, the glucosides then decomposing without distillation. 


The authors desire to express their indebtedness to the Depart- 
ment of Scientific and Industrial Research for a grant which 
enabled one of them to take part in the investigation. 
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CXCIX.—Studies in Emulsions. Part III. Further 
Investigations on the Reversal of Type by Electrolytes, 


By Suanti Swarupa BHATNAGAR. 


In a previous paper of this series (this vol., p. 61), the effects of a 
large number of electrolytes on the reversal of phases in emulsions 
prepared with univalent soaps have been described. A complete 
quantitative investigation on the effects of electrolytes on emulsion 
equilibrium being of fundamental importance for the elucidation 
of the mechanism of emulsification, attempts were made to examine 
whether emulsions prepared with the so-called insoluble emulsifiers 
of Pickering could undergo a reversal of type under the influence 
of electrolytes. The effects of volume ratio of the phases and 
temperature were minimised by carrying out the experiments at 
about 17—19° and by adding a moderate amount of the emulsifying 
agent to equal volumes of the two phases. It has been shown 
that under these conditions (Clayton, “‘ Margarine Manufacture ”; 
Bhatnagar, T., 1920, 117, 542) the type of emulsion obtained is 
mainly dependent on the nature of the emulsifying agent. The 
emulsions were prepared in the manner described in previous 
papers (loc. cit.), and were examined by the drop method of Briggs 
and confirmed by the electrical method (loc. cit.) and under the 
microscope. 


EXPERIMENTAL. 


Finely-divided solids like basic salts of copper and nickel were 
first used by Pickering (T., 1907, 91, 2002) in preparing concentrated 
emulsions. No attempts seem to have been made by him or any 
other investigator in the field to examine whether a reversal of 
type can be brought about in emulsions prepared in that fashion. 
Earlier attempts with ordinary, finely-powdered hydroxides of 
zinc, cadmium, and aluminium brought out nothing new. Later, 
it was considered desirable to prepare fresh samples of zinc hydr- 
oxide for use as emulsifying agent. In order to do so, about 6 grams 
of pure zinc sulphate were dissolved in about 200 c.c. of water 
and an excess of potassium hydroxide solution was added, so that 
all the zinc hydroxide precipitated was dissolved. Small quantities 
of dilute hydrochloric acid were then slowly added until the preci- 
pitate just reappeared. Such a solution, when kept for some time, 
threw down a moderately large quantity of zine hydroxide as 
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coagulum. ‘The coagulum and liquid were transferred to a parch- 
ment dialyser and left there for five days. The water in the outer 
vessel was changed from time to time until no more alkali diffused 
out through the dialyser and the liquid became neutral to litmus. 
The coagulum was then made up to a litre and transferred to a 
carefully cleansed, resistance-glass flask. On agitating this sus- 
pension with B.P. paraffin or kerosene oil, it was possible to form 
stable emulsions sensitive to electrolytes, the emulsions prepared 
by using the alkali-free suspensions of zinc hydroxide forming the 
water-in-oil type of emulsion, as opposed to those prepared by 
alkaline zine hydroxide, which formed the oil-in-water type. The 
zine hydroxide coagulum formed by precipitation with ammonia 
imine Jgave similar results in dialysed and undialysed forms as long as 
sifiers |the coagulum was kept moist. Dried zinc hydroxide was incapable 
uence Gof forming stable emulsions. Several samples of 20 c.c. of sus- 
- and §pension, each of equal weight, were emulsified with 20 c.c. of oil. 
ts at |The quantity of zinc hydroxide in the aqueous phase was approxim- 
fying fately 3-2 grams per litre in each case. The effects of various 
hown §clectrolytes were then examined on emulsions prepared by using 
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: = Zine Hydroxide. 
Amount of aqueous phase = 20 c.c. 
Amount of kerosene oil = 20 c.c. 
Quantity of zinc hydroxide = 3:2 grams per litre. 
Quantity in 
gram-mols. Type of 
were Electrolyte. per cent. emulsion. Stability. 
rated (i 0-0005 W in O 
“AKC 2 0-001 * 
a 13 0-005 * 
al 0 
hi (1 0-0005 . 
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In order to obtain further results, coagula of lead oxide, lead 
carbonate, copper and aluminium hydroxides, casein, lecithin, 
rosin, and egg-albumin were prepared in a somewhat similar fashion, 
and some of them are described in detail later on. 


Lead Oxide. 


Preparation.—By precipitating the insoluble oxide by the action 
of the hydroxide on a solution of lead nitrate and dialysing the 
coagulum as in the case of zinc hydroxide. 


TABLE II. 


Amount of aqueous phase = 15 c.c. 
Amount of oil phase = 15 c.c. 
Amount of lead oxide = about 42 grams per litre. 


K,S 
K,P 


KOE 


The 
Tatloc 
hydro: 
being 
casein 

pitated 
results 


Quantity in 
gram-mols. Type of 
Electrolyte. per cent. emulsion. Stability. 
1 0-002 WinO 
KCl 2 0:004 si 
3 0°005 ves Not very stable. 
( 1 0-003 po 
K,SO, 2 0-0042 a 
\3 0-006 S 
1 0-001 - 
ees ee - 
f 1 00021 i 
K,PO, <2 0-008 O in W 
\3 0-009 o- 
1 0-002 WinO 
KOH 2 0°004 O in W Stable in all other cases 
3 0°005 - 


Aluminium Hydroxide. 


The aluminium hydroxide was prepared by the action of 
ammonium hydroxide on a solution of pure aluminium sulphate. 
The moist precipitate was dialysed in parchment until the internal 
and the external water was neutral to litmus. This coagulum 
was made up to a litre and used as described in the case of mM 
hydroxide. Some of the results are shown in Table III. 
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TABLE III. 


Amount of aqueous phase = 20 c.c. 
Amount of oil phase = 20 c.c. 
Amount of aluminium hydroxide = about 3°8 grams per litre. 


Quantity in 


gram-mols. Type of 
Electrolyte. per cent. emulsion. Stability. 
fi 1 0-002 WinO Not very stable. 
KCl 0-004 9 9 
\3 0-005 mn ea 
{ 1 0-002 %° - 
K,S0, 0°003 ” ” 
0-005 9 > 
( 1 0-001 - 
K.PO 42 0°0035 as Tendency to separate 
illite | into two layers. 
3 0°004 O in W Stable. 
ji 1 0-001 a Tendency to separate. 
KOH 0°0015 O in W Stable. 
3 0-002 ‘ . 
Casein. 


The casein was a pure sample supplied by Messrs. Baird and 
Tatlock. A weighed quantity was dissolved in N/10-potassium 
hydroxide and gradually precipitated by acetic acid, the coagulum 
being then dialysed as in previous cases. The results obtained by 
casein suspensions when the casein was used dry and when preci- 
pitated as described were very nearly identical and therefore the 
results with the former alone are given. 


TABLE IV. 


Amount of aqueous phase = 20 c.c. 
Amount of oil phase = 20 c.c. 
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Amount of casein per litre of suspension = 1°985 grams. 
Quantity in 


gram-mols. Type of ~ 
Electrolyte. per cent. emulsion. Stability. 
KCl 0°005 O in W Stable. 
K,80, 0-005 ” ” 
{3 0-003 - ” 
Ba(NO,), ; 0-004 ” ” 
0-006 99 °° 
r 0-001 ™ % 
Al,(SO,), 0°003 W inO Stable, though some 
\3 0-004 ‘6 water separates on 
agitation. 
1 0:003 O in W Stable. 
ae 0°005 9° > 
3 0:006 si = 
0-0001 = se 
TANO,), | 2 0°00035 WinO Stable, water separat- 
0-0005 iia ing on agitation. 
0-0003 O in W 
HCI 00004 W inO “ 
; 0°00045 99 ” 
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Rosin. 


The rosin used was the sample known as the ‘“‘ Seven Star Brand” 
The finely powdered material was shaken for several hours with ; 
large quantity of water to remove any gummy substance which 
might have been added to it to increase its weight. After being 
filtered, the powdered rosin was dried in a current of hot air 
dissolved in absolute alcohol, and recovered by evaporation of th: 
solvents. The alcoholic solution was slightly acid, which js ; 
well-known property of many of the pure rosins. 


TABLE V. 


Amount of aqueous phase = 20 c.c. 
Amount of oil phase = 20 c.c. 
Amount of rosin = 3 grams per litre. 


Quantity in 


gram-mols. Type of 
Electrolyte. per cent. emulsion. Stability. 
l 0-002 WinO Quite stable. 
KCl 2 0-003 9 9” 
0-006 


| 0-003 = - 
K,SO, -3 0-004 ‘ss i 
0-006 we 


0-003 ie 
K,PO, 12 0-006 O in W 
\3 0-008 es 
0-001 W in O ;, 
KOH /2 0-002 O in W = 
0-003 


9? 


Discussion of Results. 


From the results shown in Tables I—VI it is easily seen that 
aluminium hydroxide, zinc hydroxide, lead oxide, and rosin, pr- 
pared according to the methods described above and freed frou! 
alkali and alkaline salts like tripotassium phosphate, yield emul- 
sions of the water-in-oil type; casein, lecithin, and egg-albumi 
yield emulsions of the reverse type. In the case of aluminiu 
hydroxide, the emulsions are unstable in the region water-in-0il 
The addition of a small quantity of potassium hydroxide, ti 
potassium phosphate, or sodium carbonate to the aqueous phas} 
makes emulsions of the oil-in-water type quite stable, and the 
original, unstable water-in-oil type of emulsion can be reproduced 
by the addition of a small amount of an acid. Just before the 
point of complete inversion there is a tendency for the emulsion 
to go through a zone of instability, and in most cases, especiall 
when the quantity of the emulsifying agent is large, this zone ° 
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instability can be seen. Plate I, which represents the oil-in-water 
type, the unstable zone, and the water-in-oil type, is a photograph 
of emulsions prepared by using lead oxide as emulsifying agent, 
the reversing electrolyte employed being potassium hydroxide. 

It is interesting to note that all emulsions described in this 
paper can be made to undergo a reversal of type by suitable electro- 
lytes, and the following empirical rules appear to hold good : 

1, An emulsion of water in oil can be transformed into one of 
oil in water by electrolytes having reactive anions like OH’ and 
PO,"”. 

2 An emulsion of oil in water can be transformed into the 
reverse type by electrolytes having reactive cations like H’, Al**’, 
Fe", and Th***’. 

A somewhat similar conclusion has been drawn by Clowes (J. 
Physical Chem., 1916, 20, 407), who showed an intimate connexion 
between the effect of electrolytes on the permeability of soap 
films to water and the reversal of phases in emulsions. Employing 
a modification of Donnan’s pipette, he obtained some interesting 
results, which showed that the protective ratios of various electro- 
lytes on soap films are approximately logarithmic and correspond 
roughly with the precipitating effects exerted by the cations in 
question on soap dispersed in water. The fact that similar, 
approximately logarithmic, ratios have been observed during the 
study of the effects of bi- and ter-valent cations on a variety of 
colloidal and biological systems (Loeb and Beutner, ibid., 1913, 
17, 288) lends strong support to the view that we are dealing with 
adsorption phenomena. In the light of these results, Clowes made 
the significant classification of these antagonistic electrolytes into 
two groups. “The first consists of di- and tri-valent cations, 
ete., which possess a more readily adsorbed kation and promote 
the formation of the emulsion of water-in-oil; the second consists 
of alkalis, salts of monovalent kations and of di- and tri-valent 
anions which possess a more reactive and more readily adsorbed 
anion, and appear to exert the reverse effect of promoting the 
formation of oil dispersed in water.” 

According to Bancroft, the type of emulsion obtained depends 
on whether the emulsifying agent is more soluble in water or in 
dl. The introduction of the idea of solubility in one phase or the 
other is an extension of the rule, first put forward by Pickering, 
that the main factor determining the formation of one type or the 


The original view of Pickering is to be 
Preferred; first, because the physical explanation of the pheno- 
menon as given by Bancroft introduces certain complications into 
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our ideas of interfacial tension, and it is by no means easy to unde. 
stand the two interfacial tensions of a film formed by the concer. 
tration of the dissolved substance at the interface according ty 
the Gibbs-Thomson law, and more especially so when the film j 
assumed to be freely permeable to at least one of the two phasy 
of the emulsions; secondly, for the reason that some bivalent soajs 
like calcium oleate, barium linoleate, calcium linoleate and palmitate, 
barium oleate, and zinc stearate, etc., are almost as insoluble ip 
kerosene oil and benzene as in water, and certain univalent soajy, 
like sodium and potassium oleates, stearates, and linoleates, ar 
soluble in oils as well as in water. Further, there are many sub. 
stances which dissolve either in water or in oil and lower the surface 
tension and yet do not form emulsions. Donnan and Terroine, 
Mayer, Schaeffer (Compt. rend., 1908, 146, 484), and lately Fischer, 
Hooker, and Clayton (J. Soc. Chem. Ind., 1919, 38, 11317—1181 
have pointed out that the emulsifying agent must be colloidal in 
nature, and it is probable that an explanation of the reversal of 
type by electrolytes is to be found in the nature of the adsorption 
by the colloidal surface films which envelop the globules. It is 
no doubt true that one may get some idea of the wetting power 
of a liquid by its property of dissolving a particular substance, 
but it is well known that the argument cannot be pushed too far, 
and many a substance, although insoluble in certain liquids, may 
yet be wetted by them. It is also well known that soaps ar 
precipitated by the addition of univalent electrolytes, and in fact 
this action of sodium chloride has been taken advantage of in the 
technical manufacture of soap in the process of “ salting out.’ 
It is very difficult to draw a hard and fast line between the effects 
of univalent electrolytes and of bi- and ter-valent electrolytes 
soap solutions, as both of these are adsorption phenomena. h 
the solubility hypothesis, sodium chloride ought to be capable 0 
changing the type as well as barium chloride. This is, howevet, 
contrary to all experience, and the multivalent ions alone are known 
to cause the reversal of type. There is thus a striking resemblance 
between these effects of the electrolytes on the reversal of type and 
the reversal of charge on the colloid emulsifier, and it lends strong 
support to the view, first put forward by Clowes, that the antago 
istic effects of electrolytes are attributable to a balance betweel 
the cations on the one hand, and the anions on the other, adsorbed 
by or reacting with the constituents of the surface film or membrate. 

The classical researches of Loeb (Biochem. Zeitsch., 1912, 39, 
127; 1913, 54, 88) on the effects of reactive cationic electrolytes 
on lipoids, lecithin, protein, and casein show that they react with 
them so as to form water-insoluble salts oppositely charged to the 
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original lipoids. In explaining the analogous behaviour of certain 
biological and protoplasmic systems, Mines (J. Physiol., 1912, 43, 
467), Loeb and Beutner (loc. cit.), and Clark (J. Physiol., 1913, 
47, 66) have emphasised the importance of both these effects. 

The data on the question of the formation of the water-in-oil 
and the oil-in-water emulsions and their transformation into one 
form or the other are restricted (1) to results on various soaps by 
Newman, Clowes, Briggs, and Bhatnagar, and (2) to the work of 
Pickering and the results embodied in this paper. For the sake 
of closer comparison, a table of the emulsifying agents so far tried 
and of the electrolytes which reverse the type is shown below. 


TABLE VI. 
Nature of the ad- 
sorption com- 
pounds; + repre- 
sents excess of 
adsorption of 
positive ions, — 
Emulsifying Reversing electrolyte : Type of represents excess 
agent. Salts of emulsion. of adsorption of 
negative ions. 
Sodium oleate Ba, Ca, Sr, Fe, Cr, Al, O in W 
Cu, Zn, Ni 
Carbon KOH, K,PO, W inO 
Casein Al, Fe, Th, H O in W 
Albumin 
Zine hydroxide KOH, K,PO, WinO 
Zine hydroxide Al, Th, H O in W 
(alkaline) 
Aluminium KOH, K,PO, W inO 
hydroxide 
Lead oxide KOH - 
Rosin K,PO,, KOH ” 
Lecithin Al, Fe, Th O in W 
Univalent soaps Bivalent and tervalent »» 
metals 


From a close study of the data on the reversal of type in emul- 
sions, it is easily seen that the effects of the electrolytes on the 
surface film of the globules in emulsions are precisely similar to 
those on lipoids and protoplasm (Loeb and Osterhout, loc. cit.). 
Substances like tripotassium phosphate and potassium hydroxide 
have a decided effect on the wetting property of zinc, lead, and 
aluminium hydroxides, as well as on their surface potential, and 
‘rational theory of emulsification should be capable of including 
and explaining the facts emphasised here. Wetting power is 
considered to be connected with interfacial tension, and therefore 
the two vital factors constituting a complete theory of the reversal 
of phases will be : (1) the nature of the charge on the emulsifying 
agent, and (2) its interfacial tension relations with the two phases. 
Unfortunately, our knowledge of the interfacial tension between 
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solids and liquids is very limited, and for the present the entire 
data on the reversal of type are in agreement with the empirical 
rule “that all emulsifying agents having an excess of negative ions 
adsorbed on them and wetted by water will yield oil-in-water emulsions, 
whilst those having an excess of adsorbed positive ions and wetted by 
oil will give water-in-oil emulsions.” 

It is to be noted that emulsions prepared by gelatin and saponin 
do not undergo the reversal of type. Cataphoresis experiments on 
these emulsions show that the addition of bi- and ter-valent electro. 
lytes changes the charge on the oil particles themselves. This is 
directly opposite to what happens in the case of soaps and casein. 
In these cases, owing to a complex chemico-adsorption process, 
the multivalent ions are almost wholly used up by the surface 
film, and the original negative charge on the oil is not disturbed. 
The protective film, having adsorbed, say, multivalent cations, is 
capable of protecting only similarly charged particles, a fact well 
known in colloidal chemistry. The positive particles in this case 
are water globules, and it is these particles which are now protected 
by the adsorbed surface film. 


Summary. 


1. The effects of various electrolytes on emulsions prepared by 
the use of zinc hydroxide, aluminium hydroxide, lead oxide, casein, 
rosin, and egg-albumin as emulsifying agents have been studied. 

2. Univalent electrolytes are incapable of reversing the type of 
soap emulsions, even although they throw out the soap from 
solution. 

3. An excess of adsorbed positive ions on the surface membrane 
leads to the formation of the water-in-oil type of emulsion. The 
reverse type is produced by the adsorption of negative ions. 

4. All emulsions, whether prepared by soluble emulsifiers such 
as soaps or by insoluble ones such as zinc hydroxide, follow the 
empirical rule first suggested by Clowes. 

5. Evidence has been accumulated which favours the view that 
the relative wetting power of the two phases with respect to the 
emulsifying agent and the surface potential of the membrane 
between them are the two main factors governing the process of 
emulsification, and that the reversal of phases in emulsions by 
electrolytes is brought about by the changes produced in the 
surface membrane with regard to either or both of these tw 
factors. 
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Donnan, F.R.S., for his helpful criticism and suggestions. His 
thanks are also due to Mr. H. I. Higson for taking some photographs 
of the emulsions and to his friends, Dr. J. C. Ghosh and Mr. J. N. 
Mukherjee. 
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CC.—Crystallographic Descriptions of some 
Pyridine and Picoline Derivatives. 


By Mary WINEARLS PORTER. 


Tue following crystallographic descriptions are an extension of 
work published in a former paper with T. V. Barker (T., 1920, 
117, 1303) dealing with a study of the morphological and structural 
eects produced by the mutual replacement of simple organic 
radicles. The results of the present investigation are summarised 
in the following table : 


Substance. a:b:c. B. Cleavage. 
3C;H;NMelI,4HgI, 0°5106: 1: 0°2182 — {100} and {110} 
3C,H,NEtI,4HgI, 0°6473: 1: 0°7728 os {001} 
C;H,NPrI,HglI, 19897: 1: 0°6860 95° 41’ {001} 
C;H,MeNMel,HgI, 0°8416:1:1°3697 99° 15’ {010} 
C;sH,MeNEtI,HgI, 1°2784:1:0°5700 93° 6’ {110} 
C;H,MeNPrI,Hgl, 1:1654:1:0°7310 98°32’ {101}, {120}, {021} 


In view of the different type of chemical composition, no crystal- 
lographic similarity is to be expected between the first pair of 
compounds on the one hand and the remaining four on the other. 
But isomorphism might well be expected within either of the sub- 
groups concerned—especially, perhaps, in the case of the isomeric 
compounds numbered 3 and 5 in the table. A careful study, 
however, fails to reveal any close similarity in angles; neither is 
there any similarity in the cleavage directions. The results, 
accordingly, afford a strong support to the conclusion drawn in 
the previous paper, that crystalline form is a highly sensitive, 
‘onstitutive property, an increment of composition equal to CHg, 
reven a slight shift of a simple radicle, being sufficient to cause 
the molecules to adopt a different type of arrangement when the 
substance assumes the crystalline state of aggregation. 
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ExPERIMENTAL. 


The methods of preparation and analysis of the various com. 
pounds have been fully described previously (loc. cit.). The 
following are the detailed results. 

Methylpyridinium Mercuri-iodide, 3C;H ;NMelI,4HgI,.—M. p. 125° 
(Found: Hg = 32°13. Cale., Hg = 32°27 per cent.). Ortho. 
rhombic, a:6:c = 0°5106:1:0°2182. Forms: 06{010}, 4/100, 
mi110}, r{101}, #{121}, 8141}. The habit is prismatic, as shown in 
Fig. 1. Six crystals were measured and the results are given 


Fig. 1. Fic. 2. 


No. 1. Methylpyridinium No. 2. EHthylpyridinium 
mercuri-todide. mercuri-todide. 


below, the deviations of the computed from the measured angular 
values being added in parentheses. 


b{010}. a{100}. m{110}. 
0° 7’ (—7’) 90° 17’ (—17’) *62° 57’ 

90 0 (0’) 90 1 (—l’) 90 0 (0’) 
r{101}. t{121}. s{141}. 
89° 52’ (+8’) 44° 20’ (+4’) 26° 2’(+3') 

*31 25 44 14 (-3’ 


Cleavages : a{100!, good; m{110}, imperfect. Optic axial plane, 
c(001); acute negative bisectrix perpendicular to 6(010); wide 
axial angle; birefringence and dispersion strong. 

Ethylpyridinium Mercuri-iodide, 3C;H,NEtI,4Hgl,.—M. p. 79 
(Found: Hg = 31°44. Cale., Hg = 31°73 per cent.). Ortho- 
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thombic, a: b:c = 0°6473:1:0°7728. Forms: 6{010}, m/(110}, 
e001}, giO21}, r{102}, pi111}, s{112}, #121}. The habit is pris- 
matic, as shown in Fig. 2. Four crystals were measured with the 
following results. 
b{010}. m{110}. c{001}. q{021}. 
0°0'(0’) = *57° 5’ -- 0° 1’ (—1’) 
90 0 (0’) 90 0 (0’) 0° 0’ (0’) *57 6 
r{102}. p{111}. a{112}. t{121}. 
89° 59’(+1’) 57° 3’(4+2’) 57° 3’(4+2’) 37° 38’(+2") 
30 45 (+6’) 54 55 (0’) 35 23 (+3’) 62 50 (+3’) 


Cleavage: c{001}, perfect. 


Fia. 3. 
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No. 3. Propylpyridinium No. 3. Propylpyridinium 
mercuri-iodide (simple crystal). mercuri-iodide (twin crystal). 


Propylpyridinium Mercuri-iodide, C;H;NPrI,HgI,—M. p. 95° 
(Found : Hg = 28°41. Cale., Hg = 28°45 per cent.). Monoclinic, 
a:b:¢ = 19897 : 1 : 0°6860; 8 = 95°41’. Forms: a/100!, m/110}, 
q{011}, ef101}, r’{I01}, s{301!, 4/211}. The habit, as shown in Fig. 3, 
is tabular parallel to a{100| and elongated along the c-axis. Crystals 
twinned on a(100) are frequent (see Fig. 4). Four crystals were 
measured with the following results. 


a{100}. m{110}. q{011}. e{101}. 
90° 2’(—2’) *26° 48’ *8° 15’ 90° 9’ (—9’) 
90 0 (0’) 90 0 (0’) *34 44 23 58 (+3’) 

{301}. t{211}. 
270° 0’ (0’) 319° 11’ (0’) 
43 18 (—7’) 42 18 (—6’) 

3P* 
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Cleavage: c{001}, fairly good. The optic axial plane is per. 
pendicular to the symmetry plane. The negative acute bisectrix 
emerges through c(001)._ The double refraction is strong, and the 
axial angle is wide. Dispersion p <v. 

Methyl-a-picolinium Mercuri-iodide, C;H,MeNMel,HglI,.—M. p. 
134° (Found: Hg = 29°03. Cale., Hg = 29°03 per cent.). Mono. 
clinic, a:b: c = 0°8416:1:1:3697; 68 = 99° 15’. Forms: a/100}, 
m‘100, c{001!, g/011}, e{201!, pi111!, s{211}. The habit is prismatic, 


Fia. 5. Fic. 6. 


— 


a 


No. 4. Methyl-a-picolinium No. 5. Ethyl-a-picolinium 
mercuri-iodide, mercuri-iodide. 


as shown in Fig. 5. Three crystals were measured, and the results 
are given in the table below. 


a{100}. m{110}. c{001}. q{01}}. 

90° 0’ (0’) *36° 29’ 89° 55’ (+5’) 10° 54’ (+3') 

90 0 (0’) 90 0(0’) 9 10 (4+5’) 40 33 (+3) 
e{201}. p{ill}. {211}. 

90° 1’(—1’) *43° 1’ 307° 53’ (—1’) 

54 40 (—3’) *49 1 53 56 (—2’) 


Cleavage: 06/010}, imperfect. Optic axial plane 6(010); the 
positive acute bisectrix is visible through a section perpendicular 
to the prism zone. The second mean line « emerges nearly per- 
pendicular to a(100). The axial angle is wide. 

Ethyl-«-picolinium Mercuri-iodide, C;H,MeNEtI,HgI,.—M. p. 99" 
(Found: Hg = 28°50. Cale., Hg = 28°45 per cent.). Monoclinic, 


a:b: 
ni210 
slend 
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a:b:¢ = 1°2784:1:0°5700; 8B = 93° 6’. Forms: a{100}, m{110}, 
ni210}, c{001}, qjO11}, s{201}. The habit is shown in Fig. 6 and is 
slender prismatic. Five crystals were measured, and the results 
are given below. 


a{100}. m{110}. n{210}. 
89° 56’ (+4’) #*38° 4’ 57° 6’ (+21’) 
90 0 (0’) 90 0 (0’) 
q{01l}. s{201}. 
*5° 26’ 90° 13’ (— 13’) 
*29 48 43 58 (—31’) 


Cleavage: m}{110}, imperfect. Optic axial plane 6(010). An 
optic axis is visible through a(100) with strong dispersion. 

Propyl-«-picolinium Mercuri-iodide, C;H,MeNPrI,HgI,—M. p. 
85° (Found: Hg = 27°93. Calc., Hg = 27°89 per cent.). Mono- 
dinic, a:b: ¢ = 11654: 1:0°7310; 8 = 98° 32’. Forms: a{100!, 
n/120}, s}021', ef101!, r{IO1}, #/221!, w{341!. The habit, as shown 
in Fig. 7, is tabular parallel to a(100) and elongated along the 
baxis. Four crystals were measured and the results are given in 
the table below. 


Fig. 7. 
a{100}. n{120}. s{021}. 


@... 89° 58’(+2’) *23° 37’ *5° 51’ 
p. 90 0 (0) 90 0 (0’) *55 46 


e{101}. r{(101}. 
89° 57’(+3’) 269° 50’ (+10’) 
38 11 (—5’) 25 56 (—6’) 


t{221}. w{341}. 
35° 17’ (—14’ 
74 20 ey No. 6. Propyl-a-picolinium 
mercuri-iodide. 


Cleavages : r’!101} and n{120}, perfect; s{021}, imperfect. The 
optic axial plane is perpendicular to the plane of symmetry and 
the symmetry axis b- is the acute positive bisectrix. ‘Through 
(120) an optic axis is visible. The dispersion is strong p<v. 


MINERALOGICAL DEPARTMENT, 
Universtry Museum, Oxrorp. (Received, August 27th, 1921.] 
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CCI.—Studies of Halogenohydrins and Related 
Derivatives in the Cinnamic Acid Series. Part |. 


By Joun Reap and ALBERTA CATHERINE PRITCHARD ANDREWS, 


Despite the importance of the halogenohydrins of cinnamic acid 
the methods hitherto adopted for their preparation are probably 
little more efficient than those which have been used in making 
ethylenebromohydrin and other similar derivatives (Read and 
Hook, T., 1920, 117, 1214). It is obvious, for example, that the 
preparation of the bromohydrin of cinnamic acid («-bromo-$ 
hydroxy-8-phenylpropionic acid) by boiling the dibromide with 
water (Glaser, Annalen, 1868, 147, 84; Erlenmeyer, Ber., 1880 
13, 310) cannot be commended; and although the corresponding 
chlorohydrin has been made by utilising the principle of direct 
addition of hypochlorous acid, the yields were unsatisfactory. 
owing to the conditions adopted. Thus, Glaser (/oc. cit., p. 80), inj 
order to avoid the long and troublesome preparation of dilute 
solutions of hypochlorous acid, passed chlorine into a cold mixture 
of equivalent proportions of sodium cinnamate and _ sodiu 
carbonate, thereby obtaining a yield of 35 per cent. of chlorohydrin 
and Erlenmeyer and Lipp (Annalen, 1883, 219, 185) described 
modified method which was stated to give about 64 per cent. of the 
calculated amount of chlorohydrin, after allowing for the con 
siderable proportion (22 per cent.) of unchanged cinnamic acid 
In contrast to these methods, it has recently been shown that by 
the action of cold dilute bromine water on an aqueous suspensio 
of cinnamic acid a yield of more than 80 per cent. of bromohydrin 
is readily obtained (Read and Williams, J. Proc. Roy. Soc. NS 
Wales, 1917, 51, 558). 

It may now be pointed out that since, in the last-named method@ 
the yield of bromohydrin fell to about 50 per cent. when sodiu 
cinnamate was substituted for cinnamic acid, some doubt wa 
thrown upon the advisability of using sodium or potassium cinnamat@pee 
in the preparation of the corresponding chlorohydrin, according 
the methods recommended by the above-mentioned investigators@ 
An examination of the second of these methods, which, judging 
from its repeated application (compare Ber., 1906, 39, 788), seem 
to have been the best hitherto available for the preparation 0 
cinnamic acid chlorohydrin («-chloro-$-hydroxy-8-phenylpropioni 
acid), has convinced us that the yield recorded by Erlenmeyer an 
Lipp is rarely, if ever, attained. Further, there is no justificatiom® 
for Glaser’s statement (loc. cit.) that hypochlorous acid combin 
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yith free cinnamic acid only with difficulty, whilst combination 
vith alkali cinnamates takes place more easily. We have, in fact, 
en able to devise a simple and expeditious method of effecting 
most quantitatively the direct addition of hypochlorous acid to 
mamic acid, by the use of cold chlorine water; it has also been 
‘Piound possible to improve the yield of bromohydrin correspondingly. 
The reactions concerned may be represented in terms of a mobile 

quilibrium, in accordance with the scheme already suggested in 


\cingglthe similar case of ethylene : 


xX, + HOH => HX + HOX 


{ 


v 
PhCHX-CHX-CO,H Ph-CH(OH)-CHX-CO,H. 


With cinnamiec acid and bromine water, the displacement to the 
@@right is even more pronounced than with ethylene under similar 
conditions : at a concentration of 0-08N no less than 98 per cent. 
ifthe cinnamic acid was transformed to bromohydrin, the corre- 
gonding value for ethylene being 94 per cent. In view of the ease 
agvith which cinnamic acid reacts with chlorine water or bromine 
agrater to produce halogenohydrins, endeavours were made to utilise 
idine in a similar way; but up to the present it has not been 
psible to prepare iodohydrins by this method. Attempts to 
diect additive reactions with cyanic acid have also failed. 

Hitherto, little attention seems to have been directed towards 
the halogenohydrins of substituted cinnamic acids: in the present 
japer, some preliminary investigations in this field, dealing with the 
ygomethoxycinnamic acids, are described. Like cinnamic acid, 
these two stereoisomeric derivatives react with bromine water to 
uve almost quantitative yields of bromohydrin, the same crystalline 
\@rivative being produced from each. Owing to the simultaneous 
tutry of a bromine atom into the benzene nucleus, it was not possible 
0 prepare the interesting o-methoxyphenylacetaldehyde, but the 
method of Erlenmeyer and Lipp (loc. cit., p. 182), when applied to 
tis new bromohydrin, led easily to 5-bromo-2-methoxypheny]- 
@ctaldehyde : it is evident, as a further outcome of this work, that 
imamic acid may similarly be transformed with great facility into 
sMlenylacetaldehyde, by the successive action of chlorine water, 
gplium hydroxide solution, and dilute sulphuric acid. 

Although additive reactions of cinnamic acid with chlorine and 
tmine lead readily to the formation of the two externally com- 
i@*tsated, stereoisomeric dichlorides and dibromides demanded by 
teory (Ber., 1894, 27, 2039; 1895, 28, 2235), yet in the similar 
‘tions with hypochlorous and hypobromous acids only one such 
ubstance was isolated in each case. N otwithstanding the adoption 
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of conditions which would seem to favour the production of the more § si 
labile stereoisomeride, no definite indications of the presence of a § in 
more soluble derivative were observed; but it may be mentioned § st 
that small quantities of oily material were deposited by the mother. § 
liquors from the recrystallisation of comparatively large amounts § fai 
of the solid derivatives (compare Erlenmeyer and Moebes, Ber, § fre 
1899, 32, 2377). On the other hand, the crystalline bromohydrin § 14 
from methyleoumarinic and methylcoumaric acids was associated § Re 
with pronounced quantities of a viscous oil, which appeared to § int 
consist of a slightly impure isomeric derivative and was pro- J in 
duced to about the same extent in each case. Like the related § 0! 
dihalogenides and halogenohydrins of cinnamic acid, the new § of 
crystalline bromohydrin has been resolved into optically active J sol 
components, the small molecular rotatory powers of which suggest J ind 
stereochemical analogy with cinnamic acid derivatives rather than § ta 
with those of allocinnamic acid (compare Liebermann, Ber., 1894, 27, J °0u 
2041). It is interesting to note that although methylcoumarinic J wit 
acid reacts with chlorine or bromine much more rapidly than does J (Re 
methylcoumaric acid, yet the two acids exhibit no appreciable § acc 
difference in the ease of their reaction with bromine water. Further, § Was 
the influence of sunlight, which is marked in the addition of halogens, § this 
is negligible in the formation of halogenohydrins from these acids J had 
and cinnamic acid. for 
cent 
EXPERIMENTAL. T 
2 | er acid 
The Addition of Hypochlorous Acid to Cinnamic Acid. peti 
On passing a slow stream of chlorine, with vigorous stirring, § The 
into a suspension of finely crystalline cinnamic acid in about thirty § by-z 
times its weight of ice-cooled water, in accordance with the method § hyd 
used with success in the case of bromine (Read and Williams,§ in g 
loc. cit.), a very low yield of chlorohydrin was obtained, and about § ethe 
60 per cent. of the cinnamic acid was recovered unchanged. This J and 
result, which was the same when freshly precipitated cinnamic§ (23: 
acid was used, must probably be ascribed to the envelopment of @ acid 
particles of cinnamic acid by the semi-solid aggregations of cinnamic § (Fou 
acid dichloride and chlorostyrene which are produced under thes The 
conditions. The difficulty was eventually overcome in the benz 
following manner : aque 
Cinnamic acid (20 grams) was dissolved in 2V-sodium hydroxide @ addit 
solution (67 ¢.c.) with the aid of an appropriate addition of water = Th 
(200 c.c.). The resulting solution of sodium cinnamate was then ( th 
ime: 


added drop by drop to a large volume (1600 ¢.c.) of ice-cooled water, 
acidified with a little (2 c.c.) concentrated sulphuric acid, and a 
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slow stream of chlorine, prepared from hydrochloric acid and bleach- 
ing powder, was passed simultaneously into the liquid through a 
small perforated bulb, admixture being effected by means of vigorous 
mechanical stirring. Conditions were so adjusted as to maintain a 
faint yellow tinge in the liquid, and the cinnamic acid liberated 
from each few drops of sodium cinnamate solution was allowed to 
react completely before the admission of a further quantity. 
Reaction occurred rapidly, and when all the cinnamic acid had been 
introduced the liquid was stirred for some time with passage of air, 
in order to expel excess of chlorine: the reaction mixture then 
consisted of a clear colourless liquid, surmounting a small quantity 
of white solid matter. Preliminary experiments with aqueous 
solutions of the pure chloro- and bromo-hydrin of cinnamic acid 
indicated that the amount of chlorine (or bromine) which had 
reacted to form halogenohydrin and hydrogen chloride (or bromide) 
could be determined by titrating a small aliquot portion of the liquid 
with standard silver nitrate solution, using Volhard’s method 
(Read and Hook, loc. cit.), a slight correction being applied in 
accordance with the results of a control experiment in which chlorine 
was passed into water under similar conditions. Data obtained in 
this way indicated that more than 95 per cent. of the cinnamic acid 
had reacted to form chlorohydrin; the corresponding value found 
for ethylene at the same molecular concentration (0-07N) was 94 per 
cent. (loc. cit.). 

The solid product of the reaction (0-4 gram) consisted of cinnamic 
acid dichloride, and by extracting the aqueous liquid with light 
petroleum a small quantity (1-5 grams) of chlorostyrene was isolated. 
The proportion of cinnamic acid involved in the formation of these 
by-products is about 9 per cent.; consequently, the yield of chloro- 
hydrin, calculated by difference, is 91 per cent. This result stands 
in good agreement with the value determined by titration. The 
ethereal extract of the acid liquid, when dried over sodium sulphate 
and distilled from the water-bath, yielded a crystalline residue 
(238 grams), which was identified as the anticipated cinnamic 
acid chlorohydrin, OH-CHPh-CHCI-CO,H,H,O, m. p. 78—80° 
(Found: Cl = 16-1. C,H,O,Cl,H,O requires Cl = 16-25 per cent.). 
The pure substance crystallises well from hot water, as also from hot 
benzene or toluene; it separates readily from moderately strong 
aqueous solutions, in the form of a crystalline precipitate, on the 
addition of dilute sulphuric acid. 

The amount of solid chlorohydrin (23-8 grams) actually isolated 
in the above experiment, when the acid liquid was extracted three 
times with ether, corresponded with a yield of 80-1 per cent., 
calculated from the weight of cinnamic acid used. It is essential 
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that the halogen should react with cinnamic acid in presence of the 
rather large volume of water indicated above: in an experiment 
conducted with half this volume of water, the other conditions 
remaining unaltered, about half the cinnamic acid was unaffected, 
and appreciable quantities of cinnamic acid dichloride and chloro. 
styrene were produced. It is also advisable to dilute the chlorine 
with air, in order to minimise the formation of these by-products, 


The Addition of Hypobromous Acid to Cinnamic Acid. 


The results of the above investigation suggested that the yield 
of bromohydrin might likewise be increased by precipitating the 
cinnamic acid, little by little, in the reaction vessel, during the 
passage through the liquid of a slow stream of air charged with 
bromine vapour. Upon treating 20 grams of cinnamic acid in this 
way, reaction occurred with great ease, and a titrimetric deter- 
mination of the resulting hydrogen bromide indicated that 98 per 
cent. of the cinnamic acid had reacted to form bromohydrin; the 
value calculated by difference, taking into account the small amounts 
of cinnamic acid dibromide and bromostyrene produced, was only 
slightly lower than this; and the weight (30-3 grams) of solid 
bromohydrin, OH-CHPh-CHBr-CO,H,H,0, isolated by extracting 
the acid liquid three times with ether, corresponded with a yield 
of 85-4 per cent. After one recrystallisation from hot toluene, 
the product melted at 120—122° and was anhydrous (Found: 
Br = 32-5. C,H,O,Br requires Br = 32-7 per cent.). By the 
original method, using finely crystalline cinnamic acid suspended in 
only three-eighths the above volume of water, the yield of bromo- 
hydrin actually isolated was 76-3 per cent. It seems, therefore, 
that dilution of the solution and dispersion of the cinnamic acid 
is more important when working with chlorine than with bromine. 

In examining various other aspects of this method, it was found 
that the introduction of the bromine in the form of liquid, rather 
than as vapour, depressed the yield of bromohydrin from 98 to 82 
per cent., a larger amount of cinnamic acid dibromide being formed 
in this case. At the ordinary temperature, the absorption of 
bromine was slower than in the cold; more dibromide was formed, 
and the yield of bromohydrin fell to 89 per cent. Sunlight appeared 
to have no marked effect on the reaction. 


Some Salts of «-Bromo-B-hydroxy-B-phenylpropionic Acid. 


During the course of the above work it was noticed that cinnamic 
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acid bromohydrin forms characteristic, well-defined salts, and some 
of these are now described. The zinc salt, 

(OH-CHPh-CHBr-CO,),Zn,5H,O, 
crystallises in lustrous needles when the solution obtained by 
dissolving zine carbonate in a warm aqueous solution of the acid 
is allowed to cool [Found: Br = 24-8. (C,H,O,Br),Zn,5H,O 
requires Br = 24-8 per cent.]. The copper salt, 

(OH-CHPh-CHBr-CO,),Cu,5H,O, 
repared in a similar manner, forms pale blue needles [Found : 
(u= 9-7. (C,H,O,Br),Cu,5H,O requires Cu = 9-9 per cent. ]. 
Special interest attaches to the brucine salt, 

OH-CHPh-CH Br-CO,H,C,,H,,0,N,., 

which is highly characteristic of the acid. When equivalent 
amounts of the acid and brucine were mixed in alcoholic solution, 
n0 separation of crystalline material occurred, and evaporation on 
the water-bath left a vitreous residue. After keeping for a few days, 
the mass became crystalline when rubbed with methyl alcohol, and 
by inovulating similar methyl-alcoholic solutions of the mixed acid 
and base with material obtained in this way the crystalline salt 
was prepared without difficulty in almost quantitative yield. It 
was sparingly soluble in water, alcohol, and most of the usual 
aganic solvents, with the exception of chloroform; the solvent 
best adapted for its recrystallisation and polarimetric examination 
was 50 per cent. aqueous alcohol. In determining the specific 
rotatory power of the original separation, a weighed amount was 
made up to 30-0 c.c. with the solvent at 20° and examined in a 
dem. tube : * 0-1867 gram gave «, — 0-19°, whence [«], — 15-2°. 
In the course of several recrystallisations from 50 per cent. aqueous 
alcohol fluctuations in rotatory power were observed, amounting 
toa few units on either side of the value recorded above. Small 
quantities of bromostyrene were produced during the concentration 
of the solutions. Similar results were observed when brucine was 
mixed with two molecular proportions of the acid (34 grams) in 
alcoholic solution: specimens of acid regenerated from various 
fractions of the salt exhibited only feeble optical activity, the highest 
value observed being [«], — 4:4° in 1 per cent. absolute alcoholic 
solution. From these data it is evident that the two salts, dAIB 
and JAIB, produced under the conditions described, give rise to 
‘lid solutions, in conformity with the third type of behaviour in 
sich cases distinguished by Pope and Read (T., 1910, 97, 989). 
Since well-developed crystals were easily secured, it appeared 
desirable to record some crystallographic data in this interesting 


* These conditions were observed in all the polarimetric determinations 
‘corded in this paper. 
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example. We are indebted to Miss Marie Bentivoglio, B.Sc., of 
the Geology Department, University of Sydney, for the appended 
description and goniometric measurements, 
which were made on crystals selected from 4 
fraction having [«], — 13-2° (Found: N = 4-4. 
C3.H,,0,N,Br requires N = 4-4 per cent.). 

Eight crystals were selected for goniometric 
work ; these were small, rather well-developed, 
and similar in appearance. The crystals are 
colourless and transparent, and possess highly 
lustrous faces. The prisms are the dominant 
form developed; one of these assumes large 
proportions and is striated to give the general 
appearance of a star. The pinacoid a(100) 
gives the best reflections obtained from the 
crystals, and these yielded only fairly satis. 
factory results. The basal pinacoid and clino- 
pinacoid are entirely absent. Two domes, 
s(101) and ¢(101), are also represented. No cleavage was observed. 

Crystal System : Monoclinic, hemimorphic. 

Axial ratios: a:b:¢ = 0-9095:1:0-9185. 8B = 93° 40’. 

The forms developed are: a(100), m(250), (130), ¢(101), and 
(101). 

The table of measurements is given below. 


Fie. 1. 


No. of 
measure- 
Limits. Observed. Calculated. 

66° 46’—67° 40’ 67° 06’ 67° 
45 22—45 58 45 48 45 
69 39—70 23 69 50 69 5 
40 25—-41 00 40 40 40 3 
42 35 —43 10 42 54 42 
90 24—90 42 90 32 90 32 
46 20—46 44 46 34 46 3 


Observations on the Optical Resolution of dl-«-Bromo-8-hydrovy- 
8-phenylpropionic Acid by means of Cinchonine. 


The description given by Erlenmeyer and Moebes (Ber., 1899, 
32, 2375) of the original resolution of this acid with cinchonine 
indicates that a single recrystallisation of the first separation of 
salt (37 per cent.) led to an acid having [«], + 21-46° in 3 per cent. 
absolute alcoholic solution, and melting at 119—120°. The value 
[x], + 22-6° has also been recorded (Ber., 1906, 39, 790); and this 
appreciable discrepancy, taken in conjunction with the above- 
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mentioned behaviour of the brucine salt, suggested a further 
examination of the cinchonine salt. On repeating the resolution 
according to the original method, but using six times the quantity 
of cinchonine salt (132 grams), the first separation, after one re- 
crystallisation from alcohol, yielded a fraction (37-75 grams) having 
(x], + 12-4° in 0-75 per cent. alcoholic solution. A second re- 
crystallisation gave material (25-85 grams) having [«], + 11-8°, 
and the lustrous needles resulting from a third recrystallisation 
(17-6 grams) had [«], + 12-9°. The acid regenerated from the last- 
named salt was semi-solid, and after one crystallisation from 
benzene it gave [«], + 19-7° in 3 per cent. alcoholic solution. The 
corresponding values after two successive recrystallisations from 
benzene were + 19-6° and -+ 20-0° respectively, and the melting 
point remained unaltered at 119° (Found: Br = 32-8. C,H,O,Br 
requires Br = 32-7 per cent.). 

The acid regenerated from the mother-liquor of the first separation 
of cinchonine salt was also somewhat oily, but crystallisation from 
benzene yielded colourless needles melting at 113—114° and having 
(x], — 151°. Three successive recrystallisations from benzene 
failed to alter either the melting point or the specific rotatory power 
ofthis acid. These results appear to indicate that the two cinchonine 
salts, dA/B and JAIB, have some tendency to form solid solutions, 
and that it is not possible to purify the partly compensated acids 
by fractional crystallisation. 


The Attempted Addition of Hypoiodous Acid and of Cyanic Acid to 
Cinnamic Acid. 


When cinnamic acid was introduced into an aqueous solution of 
iodine the colour persisted, and no reaction occurred. A similar 
result was observed when aqueous solutions of sodium cinnamate 
and iodine in potassium iodide were admitted separately into a 
large volume of cold water acidified with sulphuric acid. The 
process was also varied, without success, by dissolving cinnamic 
acid and iodine in aqueous sodium hydroxide and adding the mixed 
solutions to acidified water. 

Similarly, mixed aqueous solutions of sodium cinnamate and 
potassium cyanate were introduced slowly, with stirring, into ice- 
cooled water acidified with acetic acid, but the formation of an 
additive product could not be established. Modifications of this 
process were also tried without success. 

These results indicate (1) that iodine water cannot be regarded as 
a practical source of potential hypoiodous acid, and (2) that cyanic 
acid has no constitutional similarity with hypochlorous acid or 
hypobromous acid. 
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The Addition of Hypobromous Acid to Methylcoumarinic Acid. 


Methylcoumarinic acid, when treated with dilute bromine water 
in the manner outlined above for cinnamic acid, reacted very 
readily, but it was not possible to isolate any homogeneous product 
after the passage of one molecular proportion of bromine. Ex. 
traction with ether at this stage yielded a viscous oil, from which 
crystalline material melting indefinitely between 124° and 134° 
was obtained with difficulty. This gave 10°8 per cent. of bromine 
by alkaline hydrolysis, whereas the calculated percentage for 
methyleoumarinic acid bromohydrin is 29-1. The results of com- 
bustion analysis (C = 53-0; H = 4-6 per cent.) indicated that the 
product contained unchanged methylcoumarinic acid. Moreover, 
since 45 per cent. of the bromine used was eliminated as hydrogen 
bromide, it is evident that nuclear substitution accompanies side- 
chain addition in this reaction. This interesting conclusion was 
borne out by the results of further experiments, in which bromine 
was introduced in the usual manner until the attainment of a 
permanent faint yellow tinge : a solution of methylcoumarinic acid 
(20 grams) in 10 per cent. sodium hydroxide (45 c.c.), with the 
addition of.a suitable volume of water (100 c.c.), being added slowly 
to a large volume (1200 c.c.) of ice-cooled water acidified with 
sulphuric acid (2 c.c.). The amount of bromine absorbed was 
slightly more than two molecular proportions; of this, 48 per cent. 
was eliminated as hydrogen bromide, corresponding with a 96 per 
cent. yield of a bromohydrin of the type 

OMe:-C,H,BreCH(OH)-CHBr-CO,H. 
It is of interest that the yield of ethylenebromohydrin at a similar 
concentration (0-O8N) was 93-4 per cent. 

Extraction of the above acid liquid with ether gave almost the 
calculated amount of a viscous, brown oil; this became semi-solid 
on keeping, and by adding a little light petroleum, followed by 
sufficient benzene to clear the resulting turbid liquid, it was found 
possible to collect the crystalline portion by filtration. The yield 
(33 grams) was 82-9 per cent. of the amount theoretically possible, 
and the product melted at 145—150°. After two recrystallisations 
from hot benzene containing a little alcohol, fine, colourless leaflets 
were obtained, melting at 153—154° and corresponding with the 
formula given above (Found : C = 33-7; H = 2-9; Br, by alkaline 
hydrolysis = 22-5. CygH,90,Br, requires C= 33-9; H= 25; 
Br/2 = 22-6 per cent.). When dissolved in warm water and 
oxidised at the water-bath temperature with alkaline potassium 
permanganate solution, it yielded an acid which, after a preliminary 
crystallisation from a mixture of ether and light petroleum, separated 
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from a hot aqueous solution in long, slender needles melting at 119°. 
The properties of this acid corresponded with those of 5-bromo- 
i.methoxybenzoic acid, described by Peratoner (Gazzetta, 1886, 16, 
409) (Found: C = 41-4; H= 3-2. Cale., C = 41-5; H = 3-0 per 
ent.). Assuming the usual mode of addition of hypobromous acid, 
the crystalline bromohydrin obtained from methylcoumarinic acid 
by the above reaction was thus « : 5-dibromo-6-hydroxy-2-methoxy- 
s.phenylpropionic acid. It dissolves readily in alcohol or acetone, 
but only sparingly in chloroform, benzene, or toluene, whilst it is 
almost insoluble in light petroleum. It is most conveniently 
crystallised from boiling benzene, with the addition of a little alcohol. 
When pure, it also crystallises well from hot water, in which it is 
moderately soluble. 

The oily material obtained in the reaction contained a small 
quantity of the corresponding styrene derivative, but the results of 
alkaline hydrolysis indicated that it consisted mainly of an isomeride 
of the above acid (Found: Br = 21-1. Cy, gH,.0,Br, requires 
Br/2 = 22-6 per cent.). After keeping for six months, only slight 
signs of crystallisation were evident, and as yet the substance has 
not been more fully characterised. 


The Addition of Hypobromous Acid to Methylcoumaric Acid. 


On introducing methyleoumaric acid into cold bromine water, in 
the manner already described for methylcoumarinic acid, two mole- 
cular proportions of bromine were absorbed before the appearance 
of a permanent yellow tinge; of this amount, 48-5 per cent. was 
eliminated as hydrogen bromide, indicating a yield of 97 per cent. of 
a bromohydrin of the type OMe-C,H,Br-CH(OH)-CHBr-CO,H. 
From the ethereal extract almost the same amounts of crystalline 
and oily products were obtained as in the case of methylcoumarinic 
acid. After several recrystallisations from hot benzene containing 
alittle alcohol, the solid derivative melted at 153—154°, and further 
examination of its properties showed it to be identical with the 
slid bromohydrin obtained from methyleoumarinic acid (Found : 
C= 33-7; H+=2-9; Br, by alkaline hydrolysis = 22-4. Calc., 
C= 33:9; H 2-8; Br/2 = 22-6 per cent.). The oily product 
was also similar in appearance and properties to that yielded by 
methyleoumarinic acid (Found: Br, by alkaline hydrolysis = 19-7 
per cent.). 

Methyleoumaric and methylcoumarinic acids appeared to react 
with bromine water with equal ease, and in both cases parallel 
experiments conducted in diffused daylight and in bright sunlight 
ed to the same results. 
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The Resolution of dl-« : 5-Dibromo-8-hydroxy-2-methoxy-8-phenyl- 
propionic Acid into Optically Active Components. 


The brucine salt, OMe-C,H,Br-CH(OH)-CHBr-CO,H,C,,H,,0,N,, 
was obtained as a vitreous residue by the evaporation of its alcoholic 
solution; but crystallisation set in when the amorphous mass was 
triturated, after a few days’ keeping, with methyl alcohol. After 
this preliminary operation, crystallised brucine (39-5 grams) was 
added to a hot solution of one molecular proportion of the acid 
(30 grams) in methylated spirit (150 c.c.). It dissolved immediately, 
but on removing the solution from the water-bath and seeding it 
with the crystalline salt, rosettes of fine, colourless needles were 
slowly deposited (24-5 grams). At a concentration of 1 per cent. 
in 50 per cent. aqueous alcohol, these gave [«], — 14-7°. By slow 
recrystallisation from the last-named solvent, the salt was deposited 
in large, transparent prisms of high lustre. On repeating this 
process several times, fluctuations in specific rotatory power were 
noticed, but these were less pronounced than in the case of the 
brucine salt of cinnamic acid bromohydrin. The lowest numerical 
value observed was [«],, — 12-7° (Found: N = 3-7. C3,H ,0,N,Br, 
requires N = 3-7 per cent.). 

The acid obtained from the last-named fraction by treatment with 
hydrochloric acid and extraction with ether was levorotatory: 
0-7138 gram, dissolved in absolute alcohol as noted above, gave 
a, — 0-51°; whence [«], — 10-7°, and M[«], — 36-9°. The melting 
point was 148°. When dissolved in hot benzene containing a little 
alcohol and allowed to crystallise slowly, the acid was deposited in 
large, transparent prisms, and both the specific rotatory power and 
the melting point remained unaltered. 

Of the two salts, AJB and dA/B, the former is thus the less soluble 
in the example under notice. The two salts appeared to possess a 
tendency to form solid solutions, and the separation was further 
complicated by the production of an oily styrene derivative during 
the concentration of the mother-liquors on the water-bath. The 
highest numerical value of [«], observed for any crystalline separa- 
tion was — 23°8°. The impure acid regenerated from the mother- 
liquor of this fraction was obtained from the ethereal extract as 4 
partly crystalline mass, smelling of the styrene derivative; on 
washing out the oily impurity with a little benzene, the residual 
acid melted at 140—142°, and had [a], +7-4° in 4 per cent. 
absolute alcoholic solution. After recrystallisation from benzene 
containing a little alcohol, the melting point rose to 145° and the 
value of [a], to +8-6°. A second recrystallisation gave a product 
melting at 148° and having [«], + 10-7° in 4 per cent. absolute 
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icoholic solution; whence M[«], + 36-9°. Both melting point 
ad rotatory power were unaltered by further recrystallisation. 
4s the highest values obtained for the dextro-acid are identical with 
those recorded above for the levo-acid, and since the two prepara- 
tions melted very definitely at the same temperature, it seems 
justifiable to conclude that the two enantiomerides were optically 
pure. The form assumed by the melting-point curve of their 
uixtures indicates that the partly compensated acids melt as 
uixtures Of optically active and racemic compounds (Roozeboom, 
kitsch. physikal. Chem., 1899, 28, 508). The resolution was not 
facilitated by treating the externally compensated acid with half 
imolecular proportion of brucine. The cinchonine salt was not 
obtained crystalline. 


5-Bromo-2-methoxy phenylacetaldehyde, OMe-C,H,Br-CH,°CHO. 


A mixture of « : 5-dibromo-f-hydroxy-2-methoxy-8-phenylpro- 
jionic acid (30 grams) and water (150 c.c.) was heated on a boiling 
vater-bath for thirty minutes with a solution of sodium hydroxide 
68 grams in 20 c.c. of water). On the addition of a 25 per cent. 
wlution of sulphuric acid (25 grams) to the warm liquid, carbon 
dioxide was evolved and a heavy yellow oil separated. The ethereal 
atract of this oil, when shaken with a saturated aqueous solution 
if potassium hydrogen sulphite, yielded a colourless, crystalline 
bisulphite compound (15-9 grams), which was collected, washed 
vith ether, and decomposed with dilute sulphuric acid. The 
idehyde was obtained by extraction with ether in the form of a 
viscous, pale yellow oil, which showed no tendency to crystallise 
after keeping for several months. When heated to 200°, it darkened, 
and at a somewhat higher temperature decomposed. The charac- 
teristic semicarbazone, OMe-C,H,BreCH,°CH:N-NH-CO-NH,, was 
prepared by adding a warm alcoholic solution of the aldehyde 
2 grams in 20 c.c.) to a solution of semicarbazide hydrochloride 
2 grams) and sodium acetate (3 grams) in a little hot water. The 
uixed liquid was well shaken for about twenty minutes and then 
poured into water. The resulting white precipitate was sparingly 
wluble in boiling alcohol, from which it crystallised on cooling in 
lusettes of fine, colourless needles, melting at 185° (Found : N = 14-6. 
(yH,,0,N,Br requires N = 14-7 per cent.). 


Summary. 


|, Halogenohydrins have been prepared in almost quantitative 
yids by the action, under carefully regulated conditions, of cold 
dilute chlorine water, or bromine water, on free cinnamic acid. 
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2. By the interaction, under similar conditions, of methyl. 
coumarinic acid and bromine water, a closely corresponding amount 
of a mixture of two isomeric bromohydrins of the type 

OMe-C,H,Br-CH(OH)-CHBr-CO,H 

has been obtained. The crystalline constituent (m. p. 153—154°), 
isolated in 82-9 per cent. yield, has been shown to contain a nuclear 
bromine atom in the p-position to the methoxy-group : it has been 
resolved, with the aid of brucine, into two optically active con. 
ponents having M[«], +. 36-9°. The optical resolution of cinnamic 
acid bromohydrin has also been submitted to further examination, 
with interesting results. 

3. No appreciable difference has been observed between methyl. 
coumarinic acid and methyleoumarie acid in their reaction with 
bromine water. 

4. An improved method is indicated for the preparation of 
phenylacetaldehyde; and 5-bromo-2-methoxyphenylacetaldehyde 
has been made in a similar way. 

5. Attempts to effect the direct addition of hypoiodous acid and 
of cyanic acid to cinnamic acid have proved unsuccessful. 


We express our thanks to Messrs. L. A. Basser, B.Sc., and L. 
Cash, B.Sc., for preparing the methylcoumaric acid and methyl- 
coumarinic acid used in this work. 

Further investigations in this and related fields are in progress. 


DEPARTMENT OF ORGANIC CHEMISTRY, 
UNIVERSITY OF SYDNEY. [ Received, September 2nd, 1921.] 


CCII.—The Application of Hofmann’s Reaction to 
Substituted Phthalimides. 


By Tom Stpnry Moore, Murtet TREGARTHEN Marrack, and 
ANNIE KATHLEEN PRovwpD. 


Tue work described in this paper was carried out to determine 
whether the application of Hofmann’s reaction to substitution 
derivatives of phthalimide would serve for the preparation it 
quantity of certain substituted anthranilic acids required for other 
work; and since in each such reaction two isomeric, substituted 
anthranilic acids are to be expected, the opportunity was taken of 
determining the effect of the nature and position of the substituting 
group on the proportions of the two isomerides produced. 
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The main results are : 


Total 
yield 
per cent. Proportion of products. 
3 parts of 4-chloroanthranilic acid ; 
1 part of 5-chloroanthranilic acid as 
anhydride. 
(Trace of 4-sulphoanthranilic acid ; 
\no 5-sulphoanthranilic acid. 
(> parts of 6-acetylaminoanthranilic 
: a" acid ; 
3-Acetylaminophthalimide... 5: | 1 part of 2-methylbenziminazole- 
_ 4-carboxylic acid. 


4-Chlorophthalimide 


4-Sulphophthalimide 


The reaction thus affords a convenient method for the preparation 
of 4-chloroanthranilic acid, and a possible method for 6-acetyl- 
aminoanthranilic acid. 

The products obtained by similar treatment of 3- and 4-nitro- 
phthalimides have been already investigated by Seidel and Bittner 
(Monatsh., 1902, 23, 418) and by Kahn (Ber., 1902, 35, 471). 


Total 
yield 
per cent. Proportion of products. 
All 6-nitroanthranilic acid (Seidel 
i — and Bittner). 
3-Nitrophthalimide 80 | Kahn finds a small quantity of 3- 
nitroanthranilic acid. 


4-Nitrophthalimide 


90 {i parts of 4-nitroanthranilic acid ; 
1 part of 5-nitroanthranilic acid. 


Thus in all these cases the derivative in which the amino-group 
takes up a mefa-position with respect to the substituting group is 
produced in the larger quantity, irrespective of the nature of the 
group and of its position. 

The behaviour of 3-acetylaminophthalimide with sodium hydroxide 
was unexpected. On attempting to estimate the amount of imidic 
nitrogen present by distilling with excess of alkali and absorption 
of the ammonia, two experiments gave 2-07 and 2-22 of imidic nitro- 
gen, the theoretical value being 6-86 per cent. The same solution, 
after standing over-night, gave on distillation more ammonia, 
and by distilling every day for a week 85 per cent. of the theoretical 
amount of ammonia was obtained. The correct amount of ammonia 
was obtained at once if the substance was boiled with hydrochloric 
acid before the ammonia was distilled off. 

Bogert and Jouard (J. Amer. Chem. Soc., 1909, 34, 483) find that 
when 3-acetylaminophthalimide is boiled with 5 per cent. potassium 
hydroxide, the solution on acidification gives 2-methyl-4-quinazol- 
one-5-carboxylic acid, and the formation and the subsequent 
slow decomposition of this compound in the presence of the strong 
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alkali we used offer a possible, if unlikely, explanation of the sloy 
evolution of ammonia. But examination of the sodium salts 
isolated from the solution after 20 per cent. of the ammonia had 
been distilled off, and after 80 per cent. had been distilled of 
showed that they were, at any rate mainly, sodium acetylamino. 
phthalamate and sodium acetylaminophthalate respectively. The 
fact that 3-acetylaminophthalimide undergoes reaction with alkali 
and sodium hypochlorite at much the same rate as phthalimide 
itself shows that the slow reaction recorded above cannot be due 
to slow formation of the salts of the two acetylaminophthalamic 
acids, since these are intermediate products in the reaction with 
sodium hypochlorite (Mohr, J. pr. Chem., 1909, [ii], 80, 1). It 
thus appears likely that the reaction, which is abnormally slow, is 
the action of alkali on the salts of the 3- and 6-acetylaminophthal- 
amic acids. 

A similar slow reaction with alkali has been recorded by Kolbe 
(J. pr. Chem., 1884, [ii], 30, 475) in the case of the closely related 
compound, anthranilamide. 


EXPERIMENTAL. 


4-Chlorophthalic Acid.—The following method was found to give 
better yields and to be more convenient than that described by 
Egerer and Meyer (Monatsh., 1913, 34, 81). Almost theoretical yields 
of the acid sodium salt can be obtained by passing chlorine intoa 
solution of 20 grams of phthalic anhydride (or the corresponding 
amount of the acid) in 200 c.c. of water containing 38-4 grams of 
sodium hydroxide until crystals are no longer deposited. The 
pure chlorophthalic acid is best obtained by adding the equivalent 
amount of dilute sulphuric acid to a solution of the twice-recrystal- 
lised acid sodium salt, extracting with ether, and recrystallising 
the residue after removal of the ether from benzene containing 4 
few drops of glacial acetic acid. Both the acid and its salts retain 
small quantities of hydrochloric acid and chlorides with great 
tenacity, and we have never been able to obtain direct from aqueous 
solution products free from chloride. In any case, it is very 
difficult to get a specimen of 4-chlorophthalic acid in a condition 
for analysis. Thus the analysis of a specimen which had beet 
dried in a vacuum for a week indicated that the substance still 
contained solvent (Found: Cl = 17-03. Cale., Cl = 17-70 pe 
cent.) ; whilst on heating at 100° continuous loss of weight occurred 
owing to anhydride formation (Found : after heating for two hours 
at 100°, Cl = 19-41 per cent.). These observations explain the 
varying melting points and unsatisfactory analyses recorded by 
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earlier workers (Auerbach, Jahresber., 1880, 862; Alén, Bull. Soc. 
chim., 1881, [ii], 36, 434; Claus and Dehne, Ber., 1882, 15, 321; 
Krier, Ber., 1885, 18, 1759; Egerer and Meyer, loc. cit.). 

4-Chlorophthalimide.—This compound, prepared through the an- 
hydride in the usual way, was allowed to react with sodium hypo- 
chlorite under the condition ordinarily used for phthalimide (Eng. 
Pat. 18246, 1890; J. Soc. Chem. Ind., 1891, 10, 831). The greater 
part of the product was precipitated from the alkaline solution 
left after the reaction on acidification with acetic acid, and a small 
quantity (about one-tenth of the whole) obtained by addition of 
copper acetate and subsequent decomposition of the precipitated 
copper salt with hydrogen sulphide. The total yield was 95 per 
cent. of the theoretical. 

Extraction of the product with light petroleum (b. p. 92—102°) 
left a residue, m. p. 220°, which, after one recrystallisation from 
glacial acetic acid, melted at 235—236° and was unaltered by 
subsequent recrystallisation. This residue formed 80 per cent. of 
the product obtained by precipitation with acetic acid and 30 per 
cent. of the product obtained from the copper salt. On distillation 
with soda-lime, it gave an oil of which the acetyl derivative was 
identified as m-chloroacetanilide. The compound, therefore, is 
4chloroanthranilic acid, for which Cohn (Monatsh., 1901, 22, 
481) also found the m. p. 235—236° (Found: Cl = 20-62. Calc., 
(1 = 20-70 per cent.). 

From the residues left on evaporating the petroleum extracts, 
an almost white product crystallising in short, white needles, 
shrinking at 172° and melting at 178—179°, was obtained by 
fractional crystallisation from benzene and final crystallisation 
from glacial acetic acid. The substance is soluble in sodium 
carbonate solution, contains a primary amino-group, and gives 
p-chloroaniline on distillation with lime. The melting point does 
not agree with either of those given for the expected product, 
5-chloroanthranilic acid, namely, 145—148° (Hiibner, Avnnalen, 
1865, 135, 111) and 211—212° (Freundler, Bull. Soc. chim., 1907, 
[iv], 1, 225). The anhydride, CO,H-C,H,Cl-NH-CO-C,H,Cl-NH,, 
of 5-chloroanthranilic acid would have the properties of our com- 
pound and the same chlorine content (Found: Cl = 22-08. Calc., 
Cl= 21-85 per cent.), but time and material to establish the 
identity were wanting. 

3-Acetylaminophthalimide.—This compound was prepared by the 
direct acetylation of 3-aminophthalimide, which itself is best 
obtained by reduction of 3-nitrophthalimide * with stannous 


“ It does not seem to have been recorded that 3-nitrophthalic acid, several 
specimens of which we examined, crystallises from aqueous solution with two 
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chloride in the cold (Bogert and Jouard, J. Amer. Chem. Soc., 1909, 
31, 483). 

The behaviour of this substance with sodium hydroxide has 
already been described (p. 1787). The salt obtained from the 
alkaline mother-liquor after 20 per cent. of the theoretical quantity 
of ammonia had been evolved gave, after recrystallisation from 
water and drying to constant weight, N = 11-25; Na = 9-53. 
CO,Na°C,H,(CO-NH,)-NH-CO-CH, requires N = 11-48; Na =9-45 
per cent. This salt gave ammonia when heated with soda-lime. 

From the mother-liquor obtained by heating the imide with 
sodium hydroxide until 80 per cent. of the ammonia had been 
evolved, a sodium salt was obtained which gave, after similar 
treatment, N = 5°10; Na = 17-11. (CO,Na),C,H,-NH°CO-CH, re. 
quires N = 5-24; Na = 17-23 per cent. 

The conditions used for the reaction of sodium hypochlorite 
with 3-acetylaminophthalimide were the same as those for 4-chloro- 
phthalimide. From the resulting solution both copper and barium 
salts may be precipitated, but these are apparently complex com- 
pounds, for they are not decomposed by hydrogen sulphide and 
sulphuric acid respectively. The solution was nearly neutralised 
with hydrochloric acid, allowed to evaporate to a small bulk, 
and acidified with concentrated hydrochloric acid. After filtration 
from a small quantity of tarry matter, the solution was allowed 
to evaporate to dryness, and the organic matter dissolved out of 
the residue with absolute alcohol. Fractional crystallisation of 
the alcoholic solution separated the product into two substances. 

The less soluble fraction consisted of small, pale brown crystals 
easily soluble in methyl or ethyl alcohol, moderately soluble in 
water, and insoluble in ether, benzene, or chloroform. It remained 
unmelted at 300°, contained nitrogen, but no amino-group, and 
was soluble in sodium carbonate solution (Found: N = 15-42. 
C,H,O,N, requires N = 15-71 per cent.). 

The substance thus appears to be 2-methylbenziminazole-4- 
carboxylic acid, which might be expected to be formed from 
3-acetylaminoanthranilic acid, one of the possible products of the 
reaction with sodium hypochlorite. On distillation with soda- 
lime, it gave a product agreeing in all its properties with a speti- 
men of 2-methylbenziminazole obtained by the reduction of 0-nitto- 
acetanilide. 


molecules of water, which it loses at 110° (Found : N = 5°65. C,H,O,N,2H,0 
requires N = 5°67 per cent.). The anhydrous acid melts at 218°, as does also 
the hydrated acid when heated slowly. But immersed in a bath at 200°, the 
hydrated acid melts and re-solidifies (compare Miller, Annalen, 1881, 208, 
224; Bogert and Boroschek, J. Amer. Chem. Soc., 1901, 23, 740). 
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The second fraction was darker in colour and more soluble in 
water and the alcohols than the derivative described above, but 
similarly insoluble in other solvents. It does not melt below 300°, 
contains a primary amino-group, and is soluble in alkaline solution. 
On distillation with lime, acetyl-m-phenylenediamine was obtained 
(Found: N = 14-45. C,H, O3,N, requires N = 14-43 per cent.). 

The substance is thus the expected 6-acetylaminoanthranilic acid. 

4-Sulphophthalimide—Rée (T., 1886, 49, 518) prepared the 
ammonium salt of this compound by heating the diammonium 
salt of 4-sulphophthalic acid at 190°. We find that on passing 
dry ammonia into 4-sulphophthalic acid while the temperature is 
gradually raised to 190°, and maintaining the mass at that tem- 
perature until no more ammonia shall be evolved—three to four 
days—a substance easily soluble in water to give an acid solution 
and containing the proper percentage of nitrogen for the imide 
will be obtained (Found: N = 6-16. Calc., N = 6-17 per cent.). 

This method of preparation might lead, not only to the desired 
4-sulphophthalimide, but also to the isomeric sulphonamide of 


phthalic anhydride, NH,-SO,-C,H,<p>0. But from the ease 


with which ammonia is liberated from the product in alkaline 
solution we conclude that the substance cannot contain the very 
stable sulphonamide group, and that it is therefore 4-sulpho- 
phthalimide. 

The product of the reaction of this substance with sodium 
hypochlorite was almost entirely the salt of 4-sulphophthalic acid, 
but by fractional crystallisation a very small quantity of a sub- 
stance giving the reactions of an aminosulphonic acid, which was 
soluble in water with a blue fluorescence, was obtained. Since, 
according to Kalle & Co. (D.R.-P. 138188, 1903), Hollemann 
(Rec. trav. chim., 1905, 24, 194) and Kastle (Amer. Chem. J., 1911, 
45, 58), 4-sulphoanthranilic acid and its salts show such a fluores- 
cence in dilute solution, and this acid is one of the possible products, 
whilst no observation of fluorescence of the other possible product, 
5-sulphoanthranilic acid, is recorded in the literature, we con- 
clude that a small amount of the former substance was produced. 


Two of the authors (M. T. M. and A. K. P.) desire to record their 
thanks to the Department of Scientific and Industrial Research 
for grants made on account of this research. 
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CCIII.—m-Dithiobenzoic Acid. 


By Samuet Smizes and Jressiz STEWART. 


THE behaviour of o-dithiobenzoic acid in sulphuric acid solution 
has been the subject of previous investigations (T., 1910, 97, 1290; 
1911, 99, 640; 1912, 101, 572; 1915, 107, 1377). Extending this 
study to other aromatic disulphides, attention was first directed 
to the meta-isomeride. Preliminary experiments with this sub. 
stance showed that the type of condensation which it undergoes 
is somewhat different from those observed with the ortho-disulphide, 
and before proceeding further it was necessary to prepare con- 
siderable quantities of the acid. The methods at present available 
for this purpose start either with m-aminobenzoic acid, which is 
converted to the sulphinic acid (Gattermann, Ber., 1899, 32, 1151), 
this being finally reduced to the mercaptan, or from m-sulpho- 
benzoic acid (Frerichs, Ber., 1874, 7, 793), from which the dichloride 
is prepared before reduction of the sulphonic group can be effected. 
On applying these methods, it was found that for various reasons 
neither is suitable to the economical preparation of large quantities 
of the desired material. 

A few observers have recorded the production of sulphony! 
chlorides by the action of chlorosulphonic acid on aromatic com- 
pounds. The cases of benzene- and the toluene-sulphonyl chlorides 
(Ber., 1909, 42, 1802, 2057; Harding, this vol., p. 1261) have 
been thoroughly investigated; other examples are those of m- 
nitrobenzenesulphonyl chloride (D.R.-P. 89997, 1896) and _ the 
sulphonyl chloride of o-nitrophenol (Zeitsch. angew. Chem., 1920, 
33, 8). These cases, however, appear to be exceptional; in fact, 
the formation of the sulphonic acid appears usually to have been 
observed in the action of this reagent. We find, however, on el- 
ploying suitable conditions, of which the most important is the 
use of an excess of the reagent, that benzoic acid yields 90—95 per 
cent. of m-chlorosulphonylbenzoic acid. By reduction of this 
product, m-thiolbenzoic acid is readily prepared and thence the 
required m-dithiobenzoic acid is obtained by the usual method of 
oxidation. Since the sulphonyl chlorides are a very convenient 
source of most other sulphur derivatives, the investigation of this 
reaction is being extended to other types of aromatic compound, 
and it has been found that many of these yield the sulphony! 
chloride when treated with chlorosulphonic acid under suitable 


conditions. . 
For the product obtained from benzoic acid and chlorosulphont 
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acid either of two alternative structures (I or II) might be enter- 
tained, 

HO-0C-C,H,°SO,Cl ClOC-C,H,SO,H Cl0C-C,H,SO,Cl, 

(I.) (IL.) (III.) 

but the latter must be rejected, since the substance on reduction 
yields the corresponding mercaptan. The situation of the carboxyl 
and sulphonic groups follows from the fact that the chloride (I) 
and sulphonamide are identical with the corresponding substances 
prepared from m-sulphobenzoic acid. When the liquid dichloride 
(II) of m-sulphobenzoic acid is submitted to hydrolysis by cold 
water, a solid monochloride is obtained, and it has been considered 
doubtful whether this product is the sulphonyl or the carboxyl 
chloride (I or IL) (Limpricht and Uslar, Annalen, 1858, 106, 30). 
The substance is identical with that now obtained directly from 
benzoic acid with chlorosulphonic acid, and is therefore the chloro- 
sulphonyl derivative (1). Sulphonation of benzoic acid with 
sulphuric acid under certain conditions yields a small quantity of 
the para-isomeride (Remsen, Annalen, 1875, 178, 278), but this 
substance has not been detected in the product from chlorosulphonic 
acid under the conditions adopted. 

m-Dithiobenzoic acid in most of its reactions resembles other 
disulphides, but it is very readily attacked by cold dilute aqueous 
alkali hydroxide, and this exceptional behaviour has led to a more 
detailed study of the substance. If the acid be directly titrated 
with alkali, the value obtained for the equivalent will be normal; 
but if it be dissolved in excess of cold alkali and the amount of 
the latter uncombined be then estimated, it will be found that 
more than two equivalents of alkali hydroxide have been utilised 
by a molecular proportion of the acid. The reaction which takes 
place is progressive, and its speed depends on the temperature, 
the concentration, and on the relative amount of the alkali hydroxide 
employed. The circumstances are best illustrated by data obtained 
with solutions at the atmospheric temperature containing six 
molecular proportions of potassium hydroxide of different concen- 
trations to one proportion of disulphide. The figures quoted 
tepresent the number of equivalents of alkali hydroxide which had 
been employed in reaction with one molecular proportion of the 
acid after the solution had been kept for the stated periods before 
titration with hydrochloric acid. 

0 
(mins.). 

DAV-Potassium hydroxide ... 2°38 


” ” <<. ae 


2) ‘“ .. 3°26 
ae ne .. 3°31 
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Examination of the products shows that simultaneous oxidation 
and reduction take place with rupture of the disulphide system, 
The chief product is m-thiolbenzoic acid; in fact, this substance 
is readily prepared by acidifying the strongly alkaline solution 
after it has been kept for a short time. The product or products 
of oxidation are not so easily recognised, the only one which has 
been isolated is the disulphoxide, (-SO-C,H,°CO,H).. 

The interaction of alkali hydroxide and aromatic disulphides 
has previously been noticed in the cases of the diphenyl (Schiller 
and Otto, Ber., 1876, 9, 1637; Fromm, Ber., 1908, 41, 3403) and 
the di-p-nitrophenyl (Fromm, ibid., 1908, 41, 2267) derivatives. 
With these substances the reaction was effected by boiling alcoholic 
solutions of alkali hydroxide, the cold medium having no effect. 
The products isolated were the corresponding mercaptans and 
small quantities of the sulphinic acids or their simple derivatives. 
With the use of the boiling alcoholic reagent, the nature of the 
reaction is not at all clear, for it is difficult to determine whether 
or not the formation of mercaptan is due to reduction by this 
reagent. In the case of m-dithiobenzoic acid, where interaction 
is effected by the cold dilute aqueous reagent, the conditions are 
simpler. 

The formation of the thiol derivative from the disulphide indicates 
that rupture of the dithio-system has taken place, and since it 
cannot be supposed that under these conditions the change is 
due to direct reduction by any reagent present, it must be assumed 
that the process is primarily one of hydrolysis which is effected by 
the alkali hydroxide. In fact, no simpler explanation can be 
given than that represented by the equation 


HO,C-C,H,'S:S-C,H,-CO,H + H,O = 
HO,C-C,H,SH + HO-S-C,H,-C0,H, 


in which the mercaptan and sulphenic acid are the primary products. 
This type of decomposition has been shown to occur with disulphides 
in sulphuric acid solution, and it has been previously suggested to 
explain various reactions of substances containing the dithio- 
group. Attempts to isolate a derivative of the sulphenic acid in 
the form of an alkyl sulphoxide were not successful, the action 
of methyl sulphate with the alkaline solution yielding only the 
m-methylthiolbenzoic acid. This result is scarcely surprising in 
view of the instability of the sulphenic acids and their derivatives, 
Zincke (Annalen, 1912, 391, 57; 1913, 400, 1; 1914, 406, 106) 
has shown that these substances undergo spontaneous decoll- 
position even in the presence of alkali, yielding disulphides, disulph- 
oxides, and sulphinic acids. Search for the last-named tw 
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derivatives showed that the benzoic acid m-disulphoxide was 
formed in small quantity; but the sulphinic acid was not isolated 
either as such or as the methyl sulphoxide after alkylation of the 
reacting mixture. It is worth notice that boiling aniline or pyridine 
attacks the disulphide in the same manner as alkali hydroxide. 

It seems impossible to give any definite expression to the reaction 
beyond the primary hydrolytic change represented in a foregoing 
paragraph. ‘There is little doubt that the secondary decomposition 
which appears to give rise to the oxidation products is a com- 
plicated process leading to other substances together with the 
disulphoxide. m-Thiolbenzoic acid, which is the chief product of 
this reaction, may, like other mercaptans, be oxidised to the 
disulphide. Hence, if there be added to the alkaline reacting 
mixture some reagent which will reconvert the mercaptan as it is 
formed to the original disulphide, the latter should be completely 
converted to the disulphoxide and other subordinate products of 
the secondary decomposition. Experiments made with iodine 
confirm this view, good yields of the disulphoxide being obtained. 

In this behaviour with cold aqueous alkali, m-dithiobenzoic acid 
is exceptional; other aromatic disulphides which do not contain 
the acid group appear to be unattacked by the reagent. The 
patented process (D.R.-P. 193800, 1906) for the preparation of 
o-methylthiolbenzoic acid by heating the dithio-acid with alkali 
and methyl sulphate appears to indicate that the ortho-isomeride 
behaves like the mefa-compound. Experiments made under con- 
ditions comparable with those described in a former paragraph 
show that the reaction does take place, but much more slowly. 
For example, at atmospheric temperature with six equivalents of 
0'84N-potassium hydroxide to one molecular proportion of o-dithio- 
benzoic acid, after one hour 2-0, after nineteen hours 2-7, and 
after forty-eight hours 2-95 equivalents of alkali had entered into 
reaction. The behaviour of other disulphides is being investigated. 


EXPERIMENTAL. 
m-Chlorosulphonylbenzoic Acid, CO.H-C,H,°SO,Cl. 


(1) A mixture of benzoic acid and five molecular proportions of 
chlorosulphonic acid was heated at 125° for one hour in an oil- 
bath; the evolution of hydrogen chloride had then ceased. The 
cooled product was poured over crushed ice, and the solid mass 
ground under ice-cold water, collected, washed with water, and 
finally dried in a vacuum. The crude sulphonyl chloride melted 
at about 122°, and after recrystallisation from benzene the pure 

VOL. CXIX, 3Q 
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material was obtained in colourless prisms melting at 131° (Found: 
Cl= 16-0; S= 143. Calc., Cl = 16-1; S = 14-4 per cent.). 

The corresponding sulphonamide was prepared by the action of 
dilute aqueous ammonia on the chloride. It was recrystallised 
from a mixture of acetone and water and formed colourless prisms 
which melted at 233°. 

(2) m-Chlorosulphonylbenzoyl chloride was prepared from the 
sodium salt of m-sulphobenzoic acid and phosphorus pentachloride 
(Limpricht and Uslar, Annalen, 1857, 102, 250). The liquid pro. 
duct was mixed with excess of water and set aside. After the 
lapse of ten days it had become converted to a colourless, crystal. 
line mass. This was collected and recrystallised from benzene; 
the product melted at 131° and was identical with that obtained 
from benzoic acid as described in the foregoing paragraph. The 
corresponding amide was ‘also identical with that prepared from 
m-chlorosulphonylbenzoic acid. 


m-Dithiobenzoic Acid, (HO,C°C,H,*S—)». 


Thirty-five grams of zinc dust were added in small quantities 
from time to time to a solution of 20 grams of m-chlorosulphonyi- 
benzoic acid in 150 c.c. of alcohol and 100 c.c. of concentrated 
hydrochloric acid. The liquid was constantly shaken during the 
addition, which extended over six hours. Undissolved zinc anda 
colourless solid (a) were collected from the mixture. The clea 
liquid was mixed with*solid ferric chloride, when the required 
disulphide was precipitated in the crystalline state. This waj. 
collected, washed with water and then with acetone before recrystal- s 
lisation from acetic acid. The product formed cream-coloured 
aggregates of needles which melted at 246° (Found: C = 54); 
H=36; S = 20-7. Cale, C= 549; H=33; S = 209 pe 
cent.). Gattermann (loc. cit.) gives the melting point of this 
substance as 242°. m-Dithiobenzoic acid is insoluble in water ant 
sparingly soluble in most organic solvents. The solution in sulphune 
acid becomes green on agitation with benzene, forming condensation 
products which are now under investigation. The yield of crude 
material was about 65—67 per cent. of the theoretical. A further 
small amount may be obtained from the zinc derivative of m-thid- 
benzoic acid (a) which separates during the reduction. In ths 
process esterification takes place to a certain extent, and a sili 
quantity of ester may be obtained by the addition of water afte 
the removal of the dithiobenzoic acid. The presence of this sub- 
stance is apt to render purification of the acid difficult, and expe 
ments were made using acetic acid as the solvent in reductidl, 


SMILES AND STEWART: M-DITHIOBENZOIC ACID. 1797 


but the yields, being in the neighbourhood of 35 per cent., were 
much poorer than that obtained with alcohol as the solvent. 


m-Thiolbenzoic Acid, SH-C,H,°CO,H. 


This compound may be prepared by reduction of the disulphide 
in the usual manner; it is also formed by the interaction of alkali 
hydroxide with m-dithiobenzoic acid. The latter substance was 
dissolved in excess of aqueous 2N-sodium hydroxide. The solution 
was kept for two hours at 18° and then mixed with excess of dilute 
sulphuric acid. The copious precipitate was collected and recrystal- 
lied from a mixture of alcohol and water, when m-thiolbenzoic 
acid was obtained in needles melting at 146—147°. The substance 
was converted by ferric chloride to the disulphide, and its properties 
agreed with those already assigned to the substance. 


m-Methylihiolbenzoic Acid, SMe-C,H,°CO,H. 


A solution of 20 grams of m-dithiobenzoic acid in excess of 
Y-sodium hydroxide was shaken for three hours with two molecular 
‘proportions of methyl sulphate. The small quantity of oil which 
‘Bseparated during the process was removed by extraction with 
ether, then the aqueous solution was acidified with dilute sulphuric 
acid. Ten and a half grams of m-methylthiolbenzoic acid were 
obtained. After recrystallisation from a mixture of alcohol and 
water, the substance formed feathery needles which melted at 
126—127° (Found: C= 568; H=50; S=18-9. C,H,0,S 
quires C = 57-1; H= 4-76; S = 19-0 per cent.). Thorough 
, mearch for the sulphoxide or for the sulphone C,H,(CO,H)-SO,°CH, 
hich would have indicated the formation of a sulphinic acid during 
is reaction, was without success. 

Bf 1-Methylsulphonebenzoic acid, HO,C-C,H,°SO,°CH;, was prepared 

a the course of this examination by oxidising the methylthiol with 
ermanganate in glacial acetic acid solution. The substance 
tystallised in shining leaflets on cooling the hot aqueous solution ; 

melted at 230° (Found: C=47-7; H=42; S= 16-0. 
s,0,8 requires C = 48-0; H = 4:0; S = 16-0 per cent.). 


Benzoic Acid m-Disulphoxide, (HO,C*C,H,°SO),. 


The preparation of this substance is best effected by the action 

{ iodine on an aqueous alkaline solution of the disulphide. A 

Bold solution of 5 grams of the disulphide in excess of N-potassium 

‘Bfydroxide was treated with four atomic proportions of iodine. A 

olution of the latter in potassium iodide was slowly added from 
3Q2 
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time to time, more alkali being added when necessary to preserve 
alkalinity of the solution. When all the iodine had been added, 
the liquid was mixed with excess of dilute sulphuric acid and set 
aside. After the lapse of a few days, 3-8 grams or a yield of 69 per 
cent. of benzoic acid m-disulphoxide had separated. The substance 
is readily soluble in hot alcohol, and when recrystallised from this 
medium it was obtained in small, white needles melting at 220°, 
The ferric salt, like that of the disulphide, is insoluble in water and 
soluble in dilute mineral acids. When the solution in sulphuric 
acid is mixed with a drop of phenetole, a blue colour is slowly 
developed, hydrolysis to the sulphinic acid then setting in (Hilditch, §; 
T., 1911, 99, 1091) (Found: C= 495; H=3-1; S=191. 
C,,H,,0,S, requires C = 49-7; H = 2-98; S = 18-93 per cent), 
This disulphoxide is also formed by the interaction of the disulphide 
and cold alkali hydroxide. It may be obtained in small quantity 
by setting aside the filtrate from the m-thiolbenzoic acid described 
in a foregoing paragraph. The substance then separates in a 
somewhat impure condition. It was obtained in better yield by 
boiling the solution of the disulphide in pyridine for one how. 
The cold liquid was incompletely neutralised with dilute sulphuric 
acid, and, after the precipitated disulphide had been removed, 
the solution was rendered strongly acid. It was then repeatedly 
extracted with ether, and when this was evaporated the residual 
oil solidified. The product consisted of the somewhat impure 
disulphoxide. Similar results were obtained with boiling aniline, 
but the yields of disulphoxide were even smaller. 


Kinq’s COLLEGE, 
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CCIV.—The Rate of Hydrolysis of Methyl Acetate by 
Hydrochloric Acid in Solutions containing Sucrose. 


By Georce JosEPH Burrows. 


Tue influence of sucrose on the rate of hydrolysis of esters by acid 
has been studied by various investigators. The results obtainedj . 
by Henri and Larguier des Bancels (Compt. rend. Soc. Biol., 19 
53, 784) indicate that sucrose has a slightly accelerative effect 0 
the rate of hydrolysis of methyl acetate. Coppadoro ((azzelit 
1901, 34, i, 425) concluded that the addition of sucrose had n¢ 
apparent effect, whilst, more recently, Griffith, Lamble, and Lewis 
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(T., 1917, 111, 389) have stated that it diminished the rate of 
hydrolysis of the ester. ‘The results recorded in the present paper 
were obtained during an investigation of the influence of various 
substances on the rate of hydrolysis of esters by acids; they are 
comparable with those of Griffith, Lamble, and Lewis, nevertheless 
the author considers that they indicate that sucrose has an accelera- 
tive effect. 

The subject is of interest in view of the fact that both the ester 
and the sucrose are being hydrolysed by the acid at the same time. 

In all the experiments the temperature was 25°. The solutions 
in which no sucrose was present were prepared by dissolving the 


‘l. Brequired amount of methyl acetate in water, adding the correct 
-) Fquantity of standard hydrochloric acid, and diluting with water to 


100 c.c. (at 25°). In the case of solutions containing sucrose, unless 
otherwise stated, the latter was added to the solution before diluting 
to the final volume. The reaction was followed in the usual way 
by estimating the amount of acetic acid produced by the hydrolysis 
of the ester after various intervals of time. 

The velocity constant k was calculated from the equation : 


1 
k=; log 2 * x we we we Oe 0 ee 


—2z 


where £ is the amount of ester hydrolysed when equilibrium has 
been attained, and x is the amount hydrolysed in time ¢ (minutes). 
The values of & were found to be constant for the fraction of the 
reaction studied. 


The equation from which & is calculated is obtained from : 


'(@— 2x), in which a is the initial concentration of ester. The 
orrect equation for the rate of hydrolysis can be deduced only by 
‘onsidering the reaction as bimolecular and by taking the reverse 
eaction into account; thus : 


= = k,(b — x)(w — x) — kx? 

vhere k, is the rate of hydrolysis, k, is the rate of esterification, 

ff is the initial concentration of methyl acetate in gram-mols. per 

£00 c.c. of solution, w is the initial concentration of water, and 

is the number of gram-mols. of ester hydrolysed in ¢ minutes. 

_ this is deduced by integration (Griffith and Lewis, T., 1916, 
, 69) 


> 


A+y+2(K—l)x (A —y) (2) 
—y—2K—l)e' (A+y)° °° 
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where K= ky _ _ Coster X C water at equilibrium, 


k, = C acetic acid X C aicohol 


y=w+b,and A= J/y? + 4(K — l)wb. 
For the solutions considered in this work, K varies only to a small 
extent. For the purpose of the present investigation, the rate of 
hydrolysis may be calculated, therefore, from the equation 


sheet 
ke = 7, 108 » ee Se 


— 2 


so that the values k, = k/w are considered to represent the rates of 
hydrolysis of the ester after correcting for the differences in the 
initial concentrations of water in the various solutions. In this way, 
the following results (Table I) were obtained for the rates of 
hydrolysis of 5 per cent. methyl acetate solutions by N /2-hydro- 
chloric acid in the presence of various amounts of sucrose. 


TABLE I. 


Experi- Sucrose 

ment. percent. k x 104. w. ke X 108. 
1 0 14°97 52°32 28°6 
2 75 16°6 49°60 33°5 
3 15°0 17°5 46°88 37°3 


This increase in the value of k, may, at first sight, appear to be 
due to the increase in the concentration of the hydrochloric acid 
relative to that of the water, resulting from the decrease in the 
amount of water in the solution. The rate of hydrolysis was 
therefore determined for a solution containing the same amounts 
of water, ester, and hydrochloric acid as in the first experiment, 
to 100 c.c. of which, however, 7°5 grams of sucrose had been added. 
The mean value of & for this solution was found to be 15-6 x 10%, 
a value slightly greater than that obtained in experiment 1, although™ 
the catalyst had been diluted in the ratio 100: 105 owing to the 
increase in the volume produced by the added sucrose. Correcting 
for this dilution, the value 16-4 x 10 is obtained. In order to 
obtain the corresponding value of k, in this case, it is also necessar} 
to correct for the dilution of the water. Whereas in experimen 
1, 52:32 gram-molecules of water were present in 1000 c.c. of the 
solution, in the other case the same amount was present in 105 
c.c. The value of w is therefore 52-32/1-05, whence k, = 32-9 X 10° 
This value is considered to be strictly comparable with k, for 
solution containing no sucrose, and it agrees very closely with that 
obtained in experiment 2, with a solution prepared in such a Wa) 
that its volume was 100 c.c. This result indicates that the presen 
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of sucrose increases the rate of hydrolysis of methyl acetate by 
about 17 per cent. for the particular concentrations used. 

Similar accelerative effects were observed for the addition of 
sucrose to other concentrations of acid. These results are collected 
in Table II. In every case the total volume of the solution was 
100 c.c., and it contained originally 5 per cent. of methyl acetate. 


TABLE II. 


Concen- 
Experi- tration Sucrose 
ment. of acid. percent. k x 104. Ww. ke X 10%. 
7°16 52°35 13°63 
i 8°05 49°83 16°16 
0 3°50 52°67 6°64 
75 3°99 49°95 7°99 

It will be seen that the presence of sucrose increases the rate of 
hydrolysis of the ester in both the above cases, the effect increasing 
slightly with decreasing concentration of the acid. 

For the hydrolysis of a 2 per cent. methyl acetate solution by 
V/l0-trichloroacetic acid at 35°, Griffith, Lamble, and Lewis 
(loc. cit.) obtained the value k = 1-572 x 10°, and for a similar 
solution to which, however, 8 grams of sucrose had been added, 
k= 1-602 x 10°, results which compare with those given in the 
present paper. These authors then determined the rate of hydrolysis 
ina solution containing the same amounts of acid and water, but an 
amount of ester equal in volume to the total volume of ester and 
sucrose used in their previous experiment, and obtained the result 
t=1-77 x 10°. They state that this figure is directly comparable 
with the value 1°602 x 10°? obtained for the solution containing 
sucrose, and conclude that sucrose has a depressing effect. 

It is well known that the rate of hydrolysis of an ester is not 
independent of the initial concentration, but increases with in- 
creasing concentration of the ester. This increase has been 
attributed to the corresponding decrease in the concentration of 
the water, the latter being considered to have an anti-catalytic 
eect in such reactions. It is this fact which renders it difficult 
to study the actual effect of a solute on the rate of hydrolysis of 
an ester, apart from that due to the change in the concentration of 
water. When a portion of the water is replaced by sucrose or other 
substance, one would expect a certain increase in the rate of the 
reaction resulting from this cause alone. At the same time, the 
present author considers that Griffith, Lamble, and Lewis have not 
established their conclusion that sucrose has a depressing effect on 
the rate of hydrolysis of methyl acetate; at the most, they can only 
conclude that it has a smaller accelerative effect than the addition 
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of the same volume of methyl acetate to the reaction mixture, 
Even this, however, has been found not to be the case in the present 
investigation, in which hydrochloric acid has been used as the 
catalyst. 

The effect. of increasing the initial concentration of the ester is 
shown by the results in Table III, for the rates of hydrolysis of 
various solutions of methyl acetate by N/2-hydrochloric acid. 


TABLE III. 


Initial concen- 
Experi- tration of ester 
ment. per cent. k x 104 w. ke X 108. 


8 2°5 14°81 53°72 27°6 
9 5:0 14°97 52°32 28°6 
10 10-0 15°94 49°60 32°1 

The value of &, for a solution containing initially 5 c.c. of ester 
and 5 c.c. of sucrose (k, = 33-5 x 10) is greater than that for a 
solution containing 10 c.c. of methyl acetate. These results 
indicate that the rate of hydrolysis of the ester is increased to a 
greater extent by adding sucrose than by adding a further quantity 
of ester equal in volume to that of the sucrose. 

Finally, the conclusion that sucrose has a definite accelerative 
effect is further supported by comparing the results given above 
with that obtained for a solution in which part of the water is 
replaced by an indifferent substance such as acetone. The rate of 
hydrolysis of 5 per cent. methyl acetate by N /2-hydrochloric acid 
in aqueous acetone solution containing 20 per cent. of acetone by 
volume was found to be 14:03 x 10. In this case w = 42-46, 
whence k, = 33-0 x 10%. The corresponding value of k, for a 
solution containing 5 per cent. of acetone by volume is 29-1 x 10°, 
which is smaller than the value for a solution containing 5 per cent. 
of sucrose by volume. It follows that the increase observed fora 
solution containing sucrose cannot be attributed entirely to a 
decrease in the total amount of water in the solution. 


THe UNIVERSITY OF SYDNEY. [Received, September 16th, 1921.] 


CCV.—The Dimorphism of Potassium Ethyl Sulphate. 


By Datzret Lurwettyn Hammick and Joun Mytne MULLALY. 


Ir was noticed by one of us (J. M. M.) that potassium ethyl sulphate 
is dimorphous. On crystallisation from methylated alcohol, the 
substance first appeared in tufts of long, feathery crystals, which, 
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as the solution cooled, redissolved and gave place to the ordinary 
foliated form. The same dimorphic change was observed after 
crystallisation from water. In this case, however, the change was 
suspended for twenty-four hours, the preparation being left un- 
touched and protected from dust. On exposing the mass of crystals 
to the air, the transformation immediately started at several nuclei 
and was complete in a few minutes. 

In order to show that the change is not one of hydration, the 
solid phase stable at low temperatures (the «-form) was analysed : 
05050 gram was heated strongly in a platinum crucible with a few 
drops of concentrated sulphuric acid until no further decrease in 
weight occurred. The residue of potassium sulphate weighed 
02682 gram. Since 0-5050 gram of potassium ethyl sulphate is 
theoretically equivalent to 0-2680 gram of potassium sulphate, the 
a-potassium ethyl sulphate cannot be hydrated. This result agrees 
with the previously published descriptions. Now the $-form can 
be obtained from the « by crystallisation from absolute alcohol or 
water, or by merely heating when dry. Hence the $-form must be 
anhydrous also. 

For these and all following experiments the potassium ethyl 
sulphate was used only after being crystallised from alcohol, and 
dried in a vacuum over calcium chloride. It was then almost pure, 
containing only a trace of carbonate. 

We are indebted to Mr. T. V. Barker for the following account of 
the modification stable at higher temperatures : 

“The higher-temperature modification crystallises in needles 
with straight extinction, and therefore probably belongs to the 
orthorhombic system. The faster ray (that is, that with the greater 
refractive index) vibrates along the axis of elongation. 

“The crystals belonging to the previously known monoclinic 
form are rhombs of about 93° and exhibit diagonal extinction. This 
is in full agreement with the published description.” (See Groth, 
“Chemische Krystallographie,”’ vol. III, p. 120). 

The solubility curves were determined in order to find the transi- 
tion point. The method used was that of Hartley and Thomas 
(T., 1906, 89, 1013). 

Known weights of potassium ethyl sulphate (1 to 2-5 grams) 
mixed with various amounts of water were heated in sealed tubes 
(see Fig. 1) placed in a bath the temperature of which could be 
altered at will and read with a standardised thermometer. The 
last few crystals to dissolve were watched with a lens in order to see 
whether their edges were rounded (indicating that they were dis- 
solving) or sharp (growing). The required temperature of saturation 
was then the mean between the highest at which they were seen to 

3 Q* 


1804 


grow and the lowest at which they dissolved. 


Fie. 1. 
a 
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It was easy to se 
which was the solid phase in equilibrium with the 
solution at different temperatures. Hence the two 
corresponding solubility curves were obtained intersect. 
ing at the transition point, which could only be found 
thus to be in the neighbourhood of 50°. 

By dissolving the last trace of solid and then cooling 
the tube carefully, it was possible to crystallise the 
6-form at temperatures at which the « was the mor 
stable. Hence a metastable solubility curve was obtained 
for the 8-form. No matter at what temperature crystal. 
lisation took place, the B-form was always the first to 
separate out, and at low temperatures it was much less 
liable to change to the stable form than at higher ones 
near the transition point. Great supersaturation of 
both forms also occurred. In order therefore to induce 
crystallisation or transformation in the tubes, a small 
crystal for seeding was placed in the small pocket blown 
on the stem of the tube (Fig. 1).* 

The tubes were cleaned before use by washing with 
acid, steaming for several hours, and then drying. 

The data from which the curves were constructed 


are as follows: 


Solution 
temperature 
for 8-form. 


— 13°5° 


Solution 
temperature 
for a-form. 


Percentage of 
KC,H,S0, 
in the solution. 


49°5 — 45° 


51°946 
58°81 
66°6 
70°015 
75°29 
75°675 
77°99 
80°084 
82°04 ; 
84°44 
84°52 
85°47 
86°23 
87°945 
89°62 


—1°9 

+8°7 
21°1 
26°6 
35°0 
35°9 
39°9 
45°5 
51°14 


— 52 

+12°1 
20°1 
32°0 
32°6 
38°2 
45°0 
51°10 
59°46 
60°46 
65°8 
69°1 
81°3 
91-2 


Temperature. 


These points when plotted give the curves shown in Fig. 2. The 
metastable curves are dotted. 

The transition point was more accurately determined by the 
thermometric method. The solid potassium ethyl sulphate ws 
mixed with a small quantity of water contained in a jacketed tube 


* This device was suggested by General H. B. Hartley. 
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immersed in a water-bath. Both substance and bath were stirred 
and well-marked arrests in the former’s temperature were observed 
at 51-4°, 51-6°, 51-8°, and 51-8° respectively. More solid was added 
between each determination, and since this addition caused no 
further alteration in the value after the third determination, the 
transition point may be taken as 51-8°. 


Fia. 2. 


The System: Potassium Ethyl Sulphate— Water. 
© a-Form. x Ice line. 
© Eutectics. 


Temperature. 


Percentage of KC,H,SO, in the solution. 


In order to complete the diagram representing the systems of 
potassium ethyl sulphate and water, the ice line was determined. 
The depressions of the freezing point of water by various amounts 
of the dissolved salt were found by the Beckmann method. The 
results are given in the following table : 


Percentage of Percentage of 
_ KC,H,S80O, Freezing KC,H,SO, Freezing 
in the solution. point. in the solution. point. 
5°480 —1-195° 13°770 —3-220° 
6°370 — 1°42 19-808 — 4°93 
9°434 — 2-130 25°953 — 6°68 
12-953 — 2°98 33°714 — 9°55 


The curve is plotted in Fig. 2, and agrees with that given by 
lllingworth and Howard (Phil. Mag., 1884, 18, 123). 
The direct determination of the cryohydric points, both stable 
nd metastable, was carried out by cooling a concentrated solution. 
ter ice or potassium ethyl sulphate had ceased separating out 
lone, and the composition and temperature of the remaining 
3 Q*2 
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solution had attained those of the eutectic, subsequent solidification 
took place at constant temperature. This constant temperature 
was taken as the cryohydric point. 

The values obtained for the «-eutectic point were —12-8° and 
—-13-0°. These agree with the extrapolated value, but not with 
that given by Illingworth and Howard. 

The §-eutectic (metastable) was observed first at —15-1° to 
— 15-3° and then at —15-2°. 

The mean values are therefore: for the «-eutectic —12-9°, and 
for the 8 —15-2°. 


We conclude by expressing our gratitude to Brig.-Gen. H. B. 
Hartley for his valuable help and advice. 


Dyson PERRINS LABORATORY, Batuict CoLLEGE LABORATORY, 
OXFORD. OxForRD. 
[Received, August 30th, 1921.} 


CCVI.—The Friedel-Crafts’ Reaction. Part III. 


Migration of Alkyl Groups in the Benzene Nucleus. 


By Maurice Copisarow. 


TuE chemical metabolism brought about by the action of aluminium 
chloride on alkylated hydrocarbons of the aromatic series results 
in profound molecular rearrangements. 

The scission of alkyl groups in the benzene series by means of 
aluminium chloride was first recorded by Gustavson (Bull. So. 
chim., 1878, [ii], 30, 22), and by Friedel and Crafts (T., 1882, 41, 
116). 

Further work by Friedel and Crafts (T., 1885, 48, 674), Anschutz 
and Immendorf (Ber., 1885, 18, 657), and Heise and Tohl (Annalei, 
1892, 270, 168) indicated that the action of aluminium chloride 
results in a general migration of alkyl and, to a smaller extent, 
of phenyl groups, with the formation of isomerides, higher and 
lower alkyl derivatives of benzene, and members of the diphenyl 
group. 

In the light of the investigations of Friedel and Crafts (Comp. 
rend., 1885, 100, 692), Hamer (Proc. Camb. Phil. Soc., 1911, 16, 
65), Schréeter (Brennstoff Chem., 1920, 1, 39), Zanetti and Kindal 
(J. Ind. Eng. Chem., 1921, 13, 208, 358), and Copisarow (this vol. 
p. 442) the action of aluminium chloride appears to extend beyond 
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the migration of groups and results in pyrogenic-like fission of the 
benzene nucleus with the formation of members of the naphthalene, 
anthracene, and probably phenanthrene series. The action of 
ferric chloride on alkyl derivatives of benzene results, not only in 
migration, but also in chlorination (Thomas, Compt. rend., 1898, 
126, 1213). 

In the course of the present investigation the following facts 
were established : 

(1) The action of aluminium chloride on methylated benzene 
represents qualitatively a reversible reaction in so far as the migra- 
tion of the alkyl groups is concerned, and, therefore, in this respect 
it lends itself to the same treatment as is applied in the migration 
of the halogen atoms (Copisarow, loc. cit.). 

(2) The fission of the benzene nucleus is facilitated by high 
temperatures, concentration of aluminium chloride, extent of 
alkylation of the hydrocarbon, and extension of the period of 
reaction beyond the maximum required for the migration. 

The optimum conditions for the migration were attained by 
modifying the conditions of reaction in the light of these observa- 
tions, and also the observations made by Jacobson (Ber., 1885, 
18, 338) and by Anschutz and Immendorf (Annalen, 1886, 235, 
177) on the influence of hydrogen chloride. 

The increased migration is clearly illustrated by comparison of 
the 22-9 and 23-7 per cent. yields of toluene from xylene obtained 
in the present case with that of 12-5 per cent., the maximum found 
by Fischer and Niggemann (Ber., 1916, 49, 1475). 

The rdle of hydrogen chloride in the reaction consists in its 
action on the double compound formed by the hydrocarbons 
with aluminium chloride. Its effect may be expressed by the 
equations : : 


(1) CgH,-CH, + Al,Cl, = C,H,*Al,Cl, + CH,Cl. 
(2) C,H,-CH, + CH,Cl = C,H,(CH,), + HCl. 
(3) C,H,-Al,Cl, + HCl = C,H, + Al,Cl,. 


The influence of nitrogen is merely mechanical, whilst the chemical 
effect of hydrogen is probably due to its action on the methyl 
chloride formed in the course of the reaction. 

The duration of heating was regulated in the experiments 
carried out in distillation apparatus by the rate of distillation of 
the products of low b. p. 

The limitations of the progress of migration must be attributed 
to the deteriorating effect of the fission products upon the active 
surface of the aluminium chloride, rather than to the formation of 
the fission products as such. 
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EXPERIMENTAL. 
[With Cyrm Norman Hueu Lone.] 


The Action of Aluminium Chloride on Toluene. 


Series I.—Mixtures of toluene (5 parts) and finely powdered 
aluminium chloride (1 part) were heated on the steam-bath for 
eight hours under reflux, in one case in presence of a current of 


nitrogen and in the other of hydrogen chloride at the approximate | 


rate of 3 bubbles per second. 


The mixtures gradually darkened with the formation of a deep. 


red double compound of aluminium chloride with the hydrocarbons 
present. The reaction mixtures were subsequently treated with 


ice and a little hydrochloric acid and distilled in a current of steam. | 
The oily layer of the distillate was removed, dried over sodium | 
sulphate, and fractionally distilled, the following fractions being | 
collected : (a) up to 100°, (6) 100—125°, (c) 125—155°, and (d) 


above 155°. On carefully refractionating and comparing these dis- 


tillates with known mixtures of benzene, toluene, and xylene 
fractionated in the same apparatus, the following results were | 


obtained : 


Yield per cent. of the theoretical. 7 


‘In hydrogen 
In nitrogen. chloride. 
Benzene i 11°5 
Toluene : 60:0 
Xylene (b. p. 136—143°) ‘ 53 


The calculation of yields was based on the equation : 
The fractions of high b. p. consist mainly of polyalkylbenzenes, 
whilst the small quantities of dark tarry residues left after dis- 


tillation with steam represent the bulk of the products of fission. 
In view of the work of Friedel and Crafts (loc. cit.), Anschutz 


and Immendorf (loc. cit.), and Copisarow (loc. cit.) no effort was | 
made either to separate the polyalkylbenzenes, constituting the | 
fraction of high b. p., or to isolate the complex mixture of hydro- | 


carbons of the tarry residue. 

Series I].—Mixtures of toluene and aluminium chloride, in pro- 
portions as above, contained in distillation flasks, were heated in 
presence of currents of nitrogen, hydrogen, and hydrogen chloride, 
the feature of these experiments being the removal of the products 
of low b. p., immediately they were formed, from the reaction media. 

The temperature, duration of reaction, and method of working up 
were similar to those employed in series I. 


Toluen 
Xylene 


caleul; 


dered 
h for 
nt of 
imate 


deep. ciloride (3 parts), contained in a distillation flask, was heated in 


rbons 
with 


team. | 
dium | 
being 


d (a) | 


» dis- 


ylene | 
were | 


etical. 


gen 
e. 
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The following results were obtained : 
Yield per cent. 


In In In hydro- 
nitrogen. hydrogen. gen chloride. 


Benzene (before and after working up) 14°2 20°8 25°9 
Toluene 63-0 77°0 57°8 
Xylenes 5°7 8-0 6°5 

The fractions of high b. p. and the tarry residue, especially the 
former, were very small in the experiment carried out in presence 


7 of hydrogen. 


Series IJ].—A mixture of toluene (100 parts) and aluminium 


presence of a current of hydrogen chloride, the experimental 
wnditions being identical to those adopted in series II. 
The following results were obtained : 


Benzene 22-0 per cent. of the theoretical 
Toluene 74°2 os *» 9» 
Xylenes . fe e 


The quantity of other products was small. 


The Action of Aluminium Chloride on Commercial Xylene. 


The xylene employed in the subsequent experiments was pre- 
pared by washing crude commercial xylene with a little (6 per cent.) 


1 wld concentrated sulphuric acid, with sodium hydroxide, and with 


vater, then drying over sodium sulphate and fractionally dis- 


| tiling, the fraction boiling at 136—143° being utilised. 


Series J.—Mixtures of purified commercial xylene (5 parts) 


@ vith finely powdered aluminium chloride (1 part), contained in a 


distillation flask, were heated for eight hours in presence of a 
current of hydrogen chloride. 

Experiments were carried out at 100° and 120°. The features 
of the reaction were similar to those of toluene. 

The product of reaction, after treatment with ice and hydro- 


. || chloric acid, was deep green and showed distinct fluorescence. 


The following results were obtained on fractionation of the 


_ |] distillate in a manner identical to that adopted in the previous 


7 ¢xperiments. 


Yield per cent. 


i 
At 100°. At 120°. 
Benzene (before and after steam distillation) 
Toluene ” 9 % 
Xylenes (b. p. 136—143°) 
calculated on the basis of the equations : 
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although some of the benzene formed may have been due to the 
_ action of aluminium chloride on the hydrocarbons produced during 
the reaction. The residue left after steam-distillation was a viscous, 
dark-green tar. 

Series IJ.—A mixture of xylene (100 parts) and aluminium 
chloride (3 parts) was heated at 120° under conditions identical to 
those of series I. 

The product of reaction was pale green, and when subjected to 


distillation with steam, left but a small tarry residue. The following | 


results were obtained on fractionating the distillate : 


Benzene 3°8 per cent. of the theoretical 
Toluene 2°9 9% es 
Xylenes > 


grams (2 gram-mols.) of xylene being employed in each experiment. 


Series I. Series IT. 
Fraction. At 100°. At 120°. At 120°. 
143—162° 10°4 grams 9°8 grams 30°4 grams 
162—185° 42:0 _ ,, 163, 35°4 
185—195° 48 ,, 4 “ 2°6 
195—270° SS 4 m 3 
Residue (tar) 20 re 78 4 
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CCVII.—Derivatives of 3-Oxy(1)thionaphthen. 


By SAMUEL SmILEs and Ernest Witson McCLeELLAND. 


THE experiments described in the following pages are the outcome 


of a previous investigation of the reactions of aromatic mercaptans | 


in sulphuric acid solution. In this medium oxidation of the mer- 
captan takes place, disulphides being formed; the properties of 
the solution indicate that the disulphide is in equilibrium with 
the mercaptan and sulphenic acid : 

R-S-S-R == R-S-OH + RSH. 
The presence of the sulphenic acid has been inferred from the 
reactions of these solutions. By the addition of other compounds 


which contain hydrogen available for removal in the form of water, 
various types of sulphides have been isolated from them : 


R-S-OH + HR’ = R’S:R + H,0. 
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In the case of 2-thiolbenzoic acid and the corresponding disulphide 
ithas been shown that aromatic compounds yield the thioxanthones 
and that aliphatic compounds containing the ketomethylene group 
fwnish derivatives of 3-oxy(1)thionaphthen; for example, malonic 
wid or ethyl acetoacetate (T., 1912, 101, 572) yielded this substance : 


0.H,< Con + CH,(COR), = CgHy<hp >CH, + 2R-CO,H. 
Finsimple cases such as these the groups R-CO* were found to be 
diminated during the condensation, in fact in only one case, that 
7 i benzoylacetone, from which 2-benzoyl]-3-oxy(1)thionaphthen was 
7 ibtained, did the product contain the ketonic group of the original 
Jaubstance. The study of this type of reaction was interrupted 
Jud a somewhat incomplete account of the results was published 
7 Smiles and Ghosh, T., 1915, 107, 1378). The experiments which 
Jw now described were carried out primarily with the object of 
} ibtaining further evidence that derivatives of 3-oxy(1)thionaphthen 
J vith substituents in position 2 are formed in the earlier stages of 
Fite reaction. This evidence has been obtained in two ways : 
Jither by employing milder conditions of reaction which permit 
7 ‘hese substitution products to escape decomposition, or by choosing 
Puaterial which furnishes characteristic derivatives of greater 
§ stability. 


(,H,<©°>cH-cO-CH, CgH,<g2>C(CO-CH,), 


S 
(IL.) 


7 in previous experiments with the condensation of 2-thiolbenzoic 
q«id and acetylacetone the formation of 3-oxy(1)thionaphthen was 
reorded (Smiles and Ghosh, loc. cit.). By repeating the process 
it lower temperatures 2-acetyl-3-oxy(1)thionaphthen (I) has now 
ven obtained in good yield, but the diacetyl derivative (II), which 
isno doubt the primary product, could not be isolated. In the 
tase of ethyl acetoacetate it has been shown (T., 1912, 1041, 572; 
1915, 107, 1379) that with 2-thiolbenzoic acid and sulphuric acid 
at 90° “ thioindigo,”’ small amounts of oxythionaphthen, and the 
methylcoumarin (III) are formed. Further experiments carried 
out at lower temperatures have yielded none of these, but instead 
gave a product which from its general properties appears without 
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doubt to be the acid (IV). This substance proved too unstable 
for isolation in a state fit for analysis; oxythionaphthen, in place 
of the 2-acetyl derivative as expected, being formed from it by 
hydrolysis with alkaline or acid media or even by mere recrystal- 
lisation. 
CO CO-CH, CON cq. 
CeHi<g —~>C<¢0,H CyHy<g-_>CH-CHO. 
(IV.) (V.) 

According to the work of von Pechmann (Ber., 1884, 17, 932), 
the solution of malic acid in sulphuric acid may be used for generat- 
ing malonic semialdehyde in the production of coumarins from 
phenols. This solution also undergoes reaction with 2-thiolbenzoic 
acid, yielding the 3-oxy(l)thionaphthen-2-aldehyde (V). The 
aldehyde acid would appear to be formed in the first stage of the 
process before loss of carbon dioxide takes place; but the amount 


CH,< C0>cH-cH:0< f9>0,H, 
(VIL) 


of the aldehyde met with is quite small, the chief product 
being the red dyestuff (VI) which is formed from it by the action 
of sulphuric acid (Friedlander, Ber., 1911, 44, 3100). 

The reaction of 2-thiolbenzoic acid with acetonedicarboxylic 
acid or with citric acid in sulphuric acid solution has also been 
studied. The presence of two methylene groups in acetonedicarb- 
oxylic acid suggests the possibility that this might unite with one 
or two molecules of the mercaptan according to the proportions 
of the reagents present, yielding after loss of carbon dioxide the 
following substances (VII or VIII) : 


C,H,<Q0>cH-CO-CH,CO,H 


(VIL) 

Co 00 —co/ Neo 

CoH, <G0>cH-co-cH<QO> OH, OHA< Tf All 
(VIII.) (IX.) 


3-Oxy(1)thionaphthen yields the methylcoumarin (III) on treat- 
ment with ethyl acetoacetate in presence of sulphuric acid and, 
bearing in mind the stability of this coumarin, it must be expected 
that if a product of type VII were formed, it should be converted 
by loss of water to the oxycoumarin (IX). This substance has 
been obtained from the reaction of acetonedicarboxylic acid with 
2-thiolbenzoic acid, in fact it appears to be the sole product; § 
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substance derived from type VIII has not been isolated even when 
excess of the mercaptan was taken. 

The structure assigned to this product has been proved by the 
isolation of the thionaphthen nucleus with the acetyl.group derived 
from the oxycoumarin complex, and by the fact that the substance 
possesses the characteristic properties of benzotetronic acid (X), 
or 4-oxycoumarin, which it closely resembles. By distillation with 
a current of steam the compound yields, with loss of carbon dioxide 
and absorption of the elements of water, 2-acetyl-3-oxy(1)thionaph- 
then (I). The constitution of the latter substance is determined 
by (1) the synthesis from acetylacetone as described in a foregoing 
paragraph, (2) the conversion to “ thioindigo” by alkaline ferri- 
cyanide, and (3) the formation of a phenylhydrazone. Moreover, 
the coumarin derivative is soluble in aqueous sodium carbonate 
solution; it yields a nitroso-derivative, and on treatment with 
formaldehyde furnishes the corresponding methylene-bisthionaphtha- 
oxycoumarin. These properties are in close accord with those 
assigned to benzotetronic acid by Anschutz (Annalen, 1909, 367, 
169; 1911, 379, 333), who recorded the formation of the nitroso- 
and bismethylene derivatives and the hydrolysis by alkali hydroxide 
with formation of 2-hydroxyacetophenone : 


O-- 
if - os OH 
(X.) 


From the experiments which have now been made on this sub- 
ject, it is clear that the reaction between 2-thiolbenzoic acid and 
substances containing the ketomethylene group is of fairly wide 
application. In all the cases examined the formation of derivatives 
of 3-oxy(1)thionaphthen has been shown, and from the evidence 
collected there is little doubt that the 2-derivatives of this substance 
are the primary products, which, under certain conditions, such as 
high temperature, may suffer decomposition, yielding the parent 
oxythionaphthen. 


EXPERIMENTAL. 


1. Ethyl Acetoacetate and 2-Thiolbenzoic Acid (compare T., 1912, 
101, 572)—Twelve grams of ethyl acetoacetate were slowly added 
to a mixture of 10 grams of 2-thiolbenzoic acid and 120 grams of 
concentrated sulphuric acid. The solution was continually shaken 
during the addition of the ester, and the temperature was main- 
tained at 23—30°. The reaction progressed with evolution of sulphur 
dioxide and solution of the dithiobenzoic acid; it was complete in 


i] 
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about thirty-five minutes. The mixture was then poured over 
crushed ice and the yellow solid was collected and washed with 
water. The filtrate contained a small quantity of oxythionaphthen, 
The solid material proved to be very unstable, being easily resolved 
into oxythionaphthen; it was obtained in the crystalline state, 
but still impure, by the slow addition of water to the solution in 
alcohol. It is soluble in aqueous sodium carbonate, and when 
heated it decomposes rapidly with effervescence. When treated 
with a current of steam in presence of a little dilute sulphuric acid, 
the substance yielded 2-oxy(1)thionaphthen and a considerable 
quantity of “ thioindigo.”” From 10 grams of thiolbenzoic acid 
5 grams of oxythionaphthen were isolated. Hydrolysis may also 
be effected by dilute aqueous ammonia. The methylcoumarin 
isolated in previous experiments was not observed in the product 
formed under these conditions. 

2. 2-Acetyb-3-oxy(1)thionaphthen (formula I).—This substance was 
prepared from the thionaphthacoumarin derivative described in 
a subsequent paragraph, and by the action of acetylacetone on 
2-thiolbenzoic acid. 

(a) The crude thionaphthoxycoumarin obtained from the inter. 
action of citric acid and 2-thiolbenzoic acid was treated with a 
current of steam in presence of a little dilute sulphuric acid. The 
first portion of the distillate contained oxythionaphthen which 
had been formed during the preparation of the coumarin derivative 
by the action of hot concentrated sulphuric acid on that substance. 
The solid which separated from the subsequent distillate was 
collected and recrystallised from aqueous alcohol; 2-acetyl-3- 
oxy(1)thionaphthen was thus obtained in pale yellow needles 
which melted at 81°. The substance is very soluble in most organic 
media and sparingly so in water (Found: C = 62-1; H = 42; 
S=16-9; M = 186. C,H,O,S requires C = 62-45; H = 419; 
S = 16-69 per cent.; M = 192). The addition of ferric chloride to 
the alcoholic solution produces a green colour. With hot concen- 
trated sulphuric acid “ thioindigo ” is slowly formed and the same 
substance is readily obtained by the addition of potassium ferti- 
cyanide to the alkaline solution. 

The phenylhydrazone of 2-acetyl-3-oxy(1)thionaphthen was pre- 
pared by boiling an alcoholic solution of the components for three 
hours. The crude product was recrystallised by the addition of 
water to the alcoholic solution; the pure substance formed slender, 
reddish-brown needles which melted at 131° (Found: N = 10+. 
C,g¢H,,ON,S requires N = 9-9 per cent.). The scarlet sodium salt 
of this hydrazone is sparingly soluble in water. 

(b) Five grams of 2-thiolbenzoic acid were suspended in 50 ¢-. 
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of concentrated sulphuric acid; 3-3 grams of acetylacetone were 
then gradually added to the mixture, which was kept at 40° for 
three-quarters of an hour. The solid material obtained by pouring 
this mixture over crushed ice was washed with water and then 
treated with a current of steam. The volatile product, after 
recrystallisation from aqueous alcohol, was identical with that 
obtained in the foregoing preparation; samples of the phenyl- 
hydrazone prepared from the two sources also were identical. 

3. 3-Oxy(1)thionaphthen-2-aldehyde (formula V).—A mixture of 
10 grams of 2-thiolbenzoic acid and 100 c.c. of concentrated sulphuric 
acid was heated rapidly to 90°; 15 grams of finely powdered malic 
acid were then added in the course of fifteen minutes, the contents 
of the vessel being constantly shaken. After remaining at 90° 
for another period of fifteen minutes, the mixture was rapidly 
cooled and then poured over ice. The solid material was collected 
and thoroughly washed with water; then the aqueous filtrates 
were shaken with ether, and the solid remaining after this solvent 
had been evaporated was treated with a current of steam. After 
recrystallisation, the volatile product melted at 107° (Found: 
$=18-1. Calc., S = 18-0 per cent.). It reduced an ammoniacal 
solution of silver oxide, imparted a green colour to an alcoholic 
solution of ferric chloride, and with dilute sulphuric acid readily 
yielded the red dyestuff (formula VI). In all these properties the 
substance entirely agrees with the 3-oxy(1)thionaphthen-2-aldehyde 
previously prepared by Friedlander (loc. cit.) from “‘ 2-thionaphthen- 
3-indole-indigotin ”’ (3’-indoxyl-2-thionaphthen-3-one) with sodium 
ethoxide. The phenylhydrazone was prepared (Found: N = 10-4. 
Cale., N = 10-4 per cent.), it melted at 136—137°; Friedlander 
gives 137° as the melting point of this substance. The yields of 
the aldehyde in this process are very poor, but this is not sur- 
prising, since in presence of mineral acids it is readily converted 
(Friedlander, loc. cit.) to the red condensation product. This 
substance forms the chief product of the reaction now described ; 
it was obtained from the solid material by extraction with a hot 
dilute solution of sodium hydroxide. 

4. (1)Thionaphtha-4-oxycoumarin (formula IX).—A mixture of 
5 grams of 2-thiolbenzoic acid and 12 grams of acetonedicarboxylic 
acid was added to 50 c.c. of concentrated sulphuric acid. The 
reaction which set in immediately was completed by keeping the 
solution at 40—50° for one and a half hours. When the evolution 
of sulphur dioxide had ceased, the mixture was poured over ice, 
and the precipitated solid was collected and washed until free from 
acid. It was then recrystallised from aqueous alcohol, when 
(l)thionaphtha-4-oxycoumarin was obtained in faintly yellow 


1816 SHIMOMURA AND COHEN: A NEW METHOD 


needles which melted and decomposed at about 275° (Found: 
C=601; H=29; S=14-7. C,,H,0,S requires C = 60-51; 
H = 2:77; S = 14-7 per cent.). The substance is insoluble in 
water and soluble in aqueous sodium hydroxide or carbonate, 
The action of sodium nitrite yields a yellow nitroso-derivative. 
The same material is readily prepared by substituting 15 grams of 
citric acid for the acetonedicarboxylic acid mentioned in the fore- 
going preparation; at the same time the amount of sulphuric 
acid should be increased to 80 c.c., but the temperature quoted 
should not be exceeded, otherwise oxythionaphthen is formed by 
decomposition of the coumarin derivative. The formation of 
2-acetyl-3-oxy(1)thionaphthen from this substance by treatment 
with steam is described in a foregoing paragraph. 

Methylene bis-(1)thionaphtha-4-oxycoumarin was prepared by the 
action of formaldehyde upon this coumarin derivative. The 
substance was easily obtained in the pure condition by adding the 
calculated quantity of 40 per cent. aqueous formaldehyde to a 
solution of the naphthacoumarin in alcohol. The mixture was 
then set aside in a stoppered flask, when the desired substance 
was gradually precipitated in the crystalline state. The material 
was collected and the adherent components were removed by 
boiling alcohol (Found : C = 61:°3; H=3-0; S= 14-3. C,,H,,0,8, 
requires C = 61-57; H = 2-69; S = 14-3 per cent.). The sub- 
stance is insoluble in water and most organic media; it dissolves 
in hot nitrobenzene, from which it separates in small, yellow needles ; 
these melt and decompose at about 300°. 

ARMSTRONG COLLEGE, Kinq’s COLLEGE, 

NEW CASTLE-ON-TYNE. LONDON. 
(Received, October 17th, 1921.] 


CCVIII.—A New Method for the Resolution of 
Asymmetric Compounds. 


By Axrra Summomura and JuLIus BEREND COHEN. 


THE production of optically active substances in the living organism 
is attributed in certain cases to their synthesis in association with 
active protein or other active constituent of the body. If this is 
the case, a substance which is already asymmetric in structure 
would probably yield an active product, that is, a preponderance of 
one of the active constituents of the mixture, if the asymmetric 
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group were to undergo substitution in combination with active 
material. Such a process would represent, in the usual acceptation 
of the term, a modified form of asymmetric synthesis; but as the 
original molecule, although inactive, has an asymmetric structure, 
we prefer to call it a new method for the resolution of asymmetric 
compounds. Thus, supposing an inactive mixture C(abcd) be 
combined with an active group, and under such asymmetric con- 
ditions d be replaced by e, yielding C(abce), then, according to the 
above principle, the latter compound, when separated from the 
active group, should exhibit, in a greater or less degree, optical 
activity. 

It was with the object of testing the accuracy of this principle 
that the present research was initiated. The choice-of a simple 
combination between an asymmetric group and an active substance 
appeared to be limited to the esters of an asymmetric acid with 
an active alcohol, or to an amide of a similar acid with an active 
amine. In the first instance, preference was given to the amide 
combination, as such substances can, as a rule, be hydrolysed by 
acids without racemisation, whereas hydrolysis of an ester by 
alkalis may produce inactivity unless great care is exercised. A 
curious observation was made in the case of certain amides of 
menthylamine and bornylamine, which were so stable as to resist 
all attempts at hydrolysis by acids. 

The following typical series of substitutions were examined : 


NH, , 
(1,Br —> NH,; ClBr —> OH; OH —+ Cl; NH, ~~ OH. 
(L.) (II.) (III.) (IV.) 


The results showed that in the case of I and II, either racemisa- 
tion occurred or the substance was unchanged, but both III and IV 
yielded active products. 

It is possible that in the first two cases, in which acid radicles 
containing the group -CHX-CO- (X = Cl,Br) were employed, 
a form of tautomerism might take place, causing racemisation 
thus : 

—“O<e ...» ~O-= 
L_~— Ff 


We therefore propose to repeat these experiments, using com- 
pounds in which hydrogen is not attached to the asymmetric 
carbon. 

The following is a summary of the results : The action of ammonia 
or water with the addition of silver oxide or sodium carbonate on 
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l-menthyl dl-phenylchloroacetate, and of ammonia on /-menthy] dl- 
phenylbromoacetate and /-menthyl dl-«-bromo-$-phenylpropionate 
gave negative results. A similar result was obtained when ammonia 
was allowed to react with «-bromopropionyl-l-tyrosine. Neither 
phenylchloroaceto-d-bornylamide nor the J/-menthylamide was 
found suitable for conversion into the amino-compounds. 

By the action of thionyl chloride and phosphorus pentachloride 
on l-menthyl dl-mandelate and subsequent removal of menthol, 
active phenylchloroacetic acid was obtained, the product in the 
first case giving a rotation of [«]/f — 10°, and in the second [2]; 
— 81°. 

When dl-phenylchloroacetyl-l-tyrosine was heated with strong 
ammonia, and the amino-compound treated with nitrous acid and 
finally the l-tyrosine removed, the mandelic acid, thus obtained, 
showed a rotation of [«]* ++ 11-5° in alcoholic solution. 

Although the number of positive results are few, they are sufficient 
to establish the accuracy of the principle, which we hope to extend 


in a subsequent paper. 


EXPERIMENTAL. 


Preparation of 1-Menthyl dl-Phenylchloroacetate, 
C,H,;"CHC1-CO,°C, 9H j9. 


A molecular mixture of l-menthol and dil-phenylchloroacetyl 
chloride was heated at 110° for two and a half hours and then at 
150° for one hour. The product was extracted with ether. After 
the ethereal extract had been washed with water and a dilute 
solution of sodium carbonate, it was dried over sodium sulphate 
and the ether driven off. The remaining oil was fractionated 
under diminished pressure and the portion which distilled at 
222°/25 mm. (or 220°/22 mm., 210°/18 mm.) collected; 82 per 
cent. of the theoretical yield was obtained in a favourable case 
(Found: Cl = 11-66. C,,H,,0,Cl requires Cl = 11-49 per cent.). 
l-Menthyl dl-phenylchloroacetate, when freshly distilled, is an 
almost colourless, strongly refracting, viscous oil, having d; 1-070 
and [«]i) — 68-55° (« = — 22-15°, 1 = 0-302). 

The oil subsequently solidified to a crystalline mass, melting at 
30—41°, after having been kept at the ordinary temperature for 
eight days. It was easily soluble in alcohol, ether, or light petrol- 
eum, but insoluble in water. 

Partial resolution of the compound into diastereoisomerides by 
fractional crystallisation seems to be possible (Wren and Wright, 
this vol., p. 798). By repeated recrystallisation from alcohol, a4 
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ester, having m. p. 34—40° and [a]j?’ — 92-25° (ce = 2, 1 = 2) in 
alcoholic solution, was obtained, which on hydrolysis gave a slightly 
levorotatory phenylchloroacetic acid. 

An attempt to replace the halogen atom of menthyl phenyl- 
chloroacetate by the hydroxyl group by the action of cold or hot 
water, silver oxide, or sodium carbonate was unsuccessful owing 
to the great stability of the ester towards these agents. 


Action of Ammonia on |-Menthyl dl-Phenylchloroacetate. 


Ordinary concentrated ammonia has little action on the com- 
pound either at the ordinary temperature or at 100°. The replace- 
ment of the chlorine atom by the amino-group was effected to 
some extent by dissolving the compound in concentrated alcoholic 
ammonia and maintaining the mixture first at the ordinary tem- 
perature for several days and then at 90—100° for about three 
hours. By the above treatment, in addition to the amino-ester 
which was formed, a small quantity of the ester was hydrolysed 
at the same time, menthol being eliminated. 

Four grams of /-menthyl dl-phenylchloroacetate (b. p. 222°/ 
25mm.) and 50 c.c. of concentrated alcoholic ammonia were placed 
in a tube, which was then sealed and kept at the ordinary tem- 
perature for two days and finally heated at 90—100° for about 
three hours. The product was carefully evaporated on the water- 
bath, the residue shaken with ether, dilute hydrochloric acid 
added, and the mixture again well shaken, whereby the hydro- 
chloride of menthyl phenylaminoacetate was thrown down as a 
white, flocculent precipitate, which was almost insoluble in cold, 
but fairly soluble in hot water, from which it crystallised in fine, 
colourless needles, melting and decomposing at 249°. 

The free amino-ester was obtained by adding ammonia to the 
hot aqueous solution of the hydrochloride and extracting the 
separated oil with ether. After being kept over-night in an ice- 
chest, it solidified gradually to a crystalline mass, which, when 
pressed on a porous plate and recrystallised from alcohol, was 
obtained in silky needles of m. p. 55° (Found: N = 5-09. 
CigH,,O,N requires N = 4-84 per cent.). It was soluble in the 
ordinary organic solvents and showed [«]}* — 147-3° (c = 0-930, 
1 = 2) in alcoholic solution. 

Menthyl phenylaminoacetate (m. p. 54—55°) could also be 
obtained directly, in a very poor yield, by passing, from time to 
time, dry hydrogen chloride through a molten mass of phenyl- 
aminoacetic acid in an excess of menthol, which was heated on a 
water-bath for about eight hours, 
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In order to hydrolyse menthyl phenylaminoacetate, the com. 
pound was dissolved in a slight excess of alcoholic potassium 
hydroxide (1 c.c. contains 0-016 gram of potassium hydroxide) 
and kept at the ordinary temperature for five days. The alcohol 
was evaporated at the ordinary temperature and the residue 
extracted with warm dilute hydrochloric acid. The filtered acid 
solution was extracted with ether and then distilled with steam 
in order to remove any trace of menthol. It was then made 
slightly alkaline with ammonia, whereby phenylaminoacetic acid 
was precipitated, which was thoroughly washed with ether to 
remove any unchanged amino-ester. The phenylaminoacetic acid, 
thus recovered, melted toward 266°, subliming mostly below that 
temperature, and showed no appreciable optical activity in dilute 
hydrochloric acid. 


Preparation of |1-Menthyl dl-Phenylbromoacetate, 
C,H,*CHBr-CO,°C 9H 49. 


A molecular mixture of /-menthol and dl-phenylbromoacetyl 
bromide was heated at 100—110° for two hours and then at 150° 
for half an hour. The product was purified as in the case of the 
chlorine compound. The oil, which distilled at 220—225°/20 mm., 
solidified to a crystalline mass when kept over-night in the ice- 
chest. The yield was about 50 per cent. of the theoretical. By 
repeated recrystallisation from alcohol, the ester was obtained in 
colourless needles of m. p. 84°, showing [a]? + 2-2° (c = 068, 
1 = 2) in alcoholic solution (Found: Br = 22-34. C,,H,,0,Br 
requires Br = 22-63 per cent.). The small dextrorotation of the 
recrystallised product is probably due to partial resolution of the 
acid radicle. The ester, on hydrolysis, gave a menthol showing 
[a]}i* about — 57° in alcoholic solution. 


Action of Ammonia on 1-Menthyl dl-Phenylbromoacetate. 


Two grams of the bromine compound (b. p. 220—225°/20 mm.) 
were dissolved in 25 c.c. of concentrated alcoholic ammonia and 
kept at the ordinary temperature for sixteen days and then finally 
heated at 80—90° for three hours. The hydrochloride of menthyl 
phenylaminoacetate (Found: Cl= 11-3. C,,H,,0,NCI requires 
Cl = 10-9 per cent.) melted and decomposed at 245°. The free 
amino-ester melted at about 55°. 

The phenylaminoacetic acid, recovered by hydrolysing the este! 
with alcoholic potassium hydroxide, was quite inactive in dilute 
hydrochloric acid. 
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Preparation of 1-Menthyl dl-«-Bromo-8-phenylpropionate, 
C,H;"CH,"CHBr-CO,°C 9H 4p. 


A molecular mixture of dl-«-bromo-8-phenylpropionyl chloride 
and /-menthol was heated at 100° for two and a half hours and 
then at 150° for half an hour. The portion which distilled at 
212°/15 mm. was collected. The yield was about 76 per cent. 
of the theoretical. When the oil was kept at the ordinary temper- 
ature for a week, it began to solidify in colourless prisms melting 
at 46—51°. It was obtained in colourless needles of m. p. 50—51° 
by recrystallisation from alcohol (Found : Br = 21-79. C,,H,,O,Br 
requires Br = 21-76 per cent.). It showed [«]j/ — 43-8° (c = 2, 
| = 2) in alcoholic solution. 

This compound seems to undergo partial resolution by fractional 
crystallisation from alcohol, for the compound after crystallisation 
gave a slightly levorotatory acid on hydrolysis, whilst that before 
crystallisation gave an inactive acid by the same treatment. 

The compound was acted on by concentrated alcoholic ammonia, 
the mixture being kept at the ordinary temperature for seven days, 
and the product was subsequently hydrolysed in the usual way. 
The amino-acid recovered showed no appreciable activity. 


Action of Thionyl Chloride on |-Menthyl dl-Mandelate. 


l-Menthyl dl-mandelate was prepared according to the method 
of McKenzie (T., 1904, 85, 383). The compound, unlike some 
compounds of other esters of a similar type, did not undergo any 
partial resolution by repeated recrystallisation (McKenzie, loc. cit.), 
for the mandelic acid recovered by hydrolysis was quite inactive. 

Three grams of /-menthyl dl-mandelate and 8 grams of thionyl 
chloride were heated under reflux on a water-bath for two hours. 
After the excess of the thionyl chloride had been expelled under 
diminished pressure, the residue was extracted with ether, and the 
ethereal extract was washed with a dilute solution of sodium 
carbonate and dried over sodium sulphate. By evaporating the 
ether, a pale yellow oil was obtained. 

In order to hydrolyse the product of chlorination, it was kept 
at the ordinary temperature for seven days with a slight excess 
of alcoholic potassium hydroxide. After the alcohol had been 
evaporated at the ordinary ‘temperature, the residue was made 
distinctly alkaline with sodium carbonate solution and filtered 
from some solid matter (chiefly menthol), and any unchanged 
ester or residual menthol was removed by extraction with ether. 
The solution was then made acid with hydrochloric acid, whereby 
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phenylchloroacetic acid separated in an oily state. The whole 
was evaporated down on the water-bath to drive off any trace 
of menthol. The phenylchloroacetic acid, after being extracted with 
ether, showed in alcoholic solution [«]\? — 10° (c = 4-65, 1 = 2). 


Action of Phosphorus Pentachloride on |-Menthyl dl-Mandelate. 


Five grams of /-menthyl dl-mandelate and 10 grams of phos- 
phorus pentachloride were heated on the water-bath for five hours 
and then at 135—140° for one hour. The phosphoryl chloride 
formed was decomposed by the addition of ice, and the whole was 
extracted with ether. The ethereal solution, after being dried, 
gave a certain amount of pale yellow oil. The product of chlorina- 
tion was hydrolysed as described above, and the phenylchloro- 
acetic acid recovered showed in alcoholic solution [a]; — 8-1° 
(c = 3-274, 1 = 2). 


Certain bornylamine and menthylamine derivatives of halogen- 
ated acids containing an asymmetric carbon atom were prepared, 
but owing to their striking stability towards hydrolysing agents 
and to the difficulty in the preparation of their corresponding 
amino-derivatives, these compounds were found unsuitable for our 


purpose. 


a-Bromopropiono-d-bornylamide, C1 9H,,*NH*CO-CHBr-CH,. 


Three grams of d-bornylamine hydrochloride were dissolved in 
30 c.c. of chloroform and the free base was liberated by the addition 
of 16 c.c. of N-sodium hydroxide. One half of a solution con- 
taining 4 grams of «-bromopropionyl bromide in 20 c.c. of chloro- 
form was added to the cold solution of bornylamine, and the 
mixture was well shaken, the temperature being kept below 0° 
throughout the reaction. The remaining half of the acid bromide 
solution was then added, the reaction being kept always slightly 
alkaline by the occasional addition of sodium carbonate solution. 
When the reaction was complete, the chloroform layer was separ- 
ated, and after being dried over sodium sulphate was evaporated 
as far as possible, and crude «-bromopropiono-d-bornylamide was 
precipitated by the addition of light petroleum. After repeated 
recrystallisation from dilute alcohol, it was obtained in fine, colour- 
less needles, m. p. 144°, [«]}? — 29-5° (¢ = 1, J = 2) in alcoholic 
solution (Found: Br = 28-06. C,,;H,,ONBr requires Br = 27:73 
per cent.). It was soluble in alcohol, ether, chloroform, or acetone, 
difficultly soluble in boiling water, but insoluble in cold water or 
light petroleum. 
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Phenylchloroaceto-d-bornylamide, Cy 9H,,*NH-CO-CHCI-C,H,. 


This amide was prepared in the same way as the above compound. 

By repeated recrystallisation from alcohol, two compounds, one 
having m. p. 193° and the other m. p. 135°, were obtained. The 
former showed [«]}} — 57-0° (c = 1, 1 = 2) in alcoholic solution 
(Found: Cl = 11-42. C,,H,,ONCI requires Cl = 11-60 per cent.), 
whilst the latter showed [«]i? + 2° (¢ = 1, 1 = 2) in the same 
solvent (Found: Cl = 11-80. C,,H,,ONCI requires Cl = 11-60 per 
cent.). 


Phenylchloroaceto-|-menthylamide, C49H9*NH-CO-CHCI-C,H;. 


In this case also two compounds were obtained, one having 
m. p. 174—175° and the other m. p. 113°, by repeated recrystal- 
lisation from alcohol. The former showed [«]if — 113° (ce = 0-5, 
1=2) in alcoholic solution (Found: Cl = 11-39. C,,H,g,ONCI 
requires Cl = 11-52 per cent.), whilst the latter showed [«]|? — 47° 
((=0-5, 1=2) in the same solvent (Found: Cl = 11-44. 
C,gH,,ONCI requires Cl = 11-52 per cent.). 

The existence of two isomerides of the bornylamine and menthyl- 
amine derivatives is probably due to resolution of the acid radicle, 
but as the amides resisted hydrolysis by acids, the point could not 
be ascertained. 


Preparation of dl-«-Bromopropionyl-l-tyrosine, 
OH-C,H,°CH,-CH(CO,H)-NH-CO-CHBr-CHg. 


Following Fischer’s method for preparing chloroacetyl-/-tyrosine 
(Ber., 1904, 37, 2486), a satisfactory yield of «-bromopropionyl-- 
tyrosine ethyl ester was obtained by treating /-tyrosine ethyl ester 
hydrochloride, having [a]j7 — 83° (¢ =2, 1=2) in aqueous 
solution, with «-bromopropionyl bromide in an alkaline medium 
at a temperature below 0°, using chloroform as a solvent. 

«-Bromopropionyl-l-iyrosine ethyl ester melted towards 131°, after 
having been twice precipitated from chloroform solution by the 
addition of light petroleum (Found: Br = 23-46. C,,H,,O,NBr 
requires Br = 23-22 per cent.). It was almost insoluble in cold 
water, with difficulty in hot water; soluble in alcohol, ether, or 
chloroform, but insoluble in light petroleum. It gave Millon’s 
reaction and showed [a]i? + 12-5° (ce = 2, 1=2) in alcoholic 
solution. 

Free «-bromopropionyl-l-tyrosine was obtained in an oily state 
by hydrolysing the ethyl ester with a dilute solution of sodium 
hydroxide at the ordinary temperature, and was found to be 
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identical with that which was prepared directly by the action of 
«-bromopropionyl bromide on /-tyrosine. The compounds obtained 
by both methods have much higher dextrorotatory power than the 
ethyl ester showing specific rotation between 30° and 40°. 


Action of Ammonia on dl-«-Bromopropionyl-l-tyrosine. 


Three grams of «-bromopropionyl-l-tyrosine were dissolved in 
20 c.c. of concentrated aqueous ammonia and heated in a sealed 
tube in a water-bath for five hours. When the contents were 
evaporated, a syrupy mass was obtained, which, without further 
purification, was directly hydrolysed by boiling with concentrated 
hydrochloric acid. After the tyrosine had been removed, the 
solution, which should contain alanine, was examined _polari- 
metrically, but showed no appreciable activity. 


Preparation of dl-Phenylchloroacetyl-|-tyrosine, 
OH-C,H,°CH,°CH(CO,H)-NH-CO-CHCI-C,H,. 


The direct synthesis of phenylchloroacetyl-l-tyrosine by the 
action of phenylchloroacety] chloride on /-tyrosine was not successful. 
Its ethyl ester was therefore prepared in the same way as given 
above, and by subsequent hydrolysis, the free acid was obtained. 

Phenylchloroacetyl-l-tyrosine ethyl ester was prepared in a 
moderate yield, in colourless needles (from alcohol) melting at 
140—141° (Found: Cl = 9-87. C,,H,,0,NCl requires Cl = 9-80 
per cent.). It gave Millon’s reaction and showed [«]jf + 24° 
(c = 1-5, 1 = 2) in alcoholic solution., It was almost insoluble in 
hot or cold water or light petroleum, but soluble in the other 
ordinary organic solvents. 

Free phenylchloroacetyl-l-tyrosine was obtained by hydrolysing 
the ethyl ester with a dilute solution of sodium hydroxide at the 
ordinary temperature. It was obtained in small needles, melting 
towards 125° (Found: Cl = 10-20. C,,H,,0,NCl requires Cl = 
10-63 per cent.). 

It was moderately soluble in hot water, from which it separated 
in an amorphous state on cooling. It gave Millon’s reaction. 


Action of Ammonia on dl-Phenylchloroacetyl-|-tyrosine. 


Two grams of the substance were dissolved in 20 c.c. of strong 
aqueous ammonia and warmed in a sealed tube at 80—90° for three 
hours. The product of amination, when carefully evaporated, 
gave a syrupy mass, which was used for the next experiment 
without further purification. 
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Action of Nitrous Acid on Phenylaminoacetyl-|-tyrosine. 


The substance was dissolved in dilute hydrochloric acid and 
cooled to 0°, and the calculated quantity of sodium nitrite was 
then added and the mixture well stirred. The reaction was com- 
pleted by warming on the water-bath for some time. 

The product was then mixed with concentrated hydrochloric 
acid and boiled for two and a half hours under reflux in order to 
hydrolyse it completely. After the intensely coloured solution 
had been treated with animal charcoal, it was neutralised with 
ammonia, whereby tyrosine was precipitated in white, micro- 
needles, showing in 1-22N-hydrochloric acid [«]i? — 8-2° (c = 0-669, 

«= ®. 

The filtrate was made distinctly acid by the addition of hydro- 
chloric acid and extracted with ether. The ethereal solution, 
showing a slight dextrorotatory power, after having been dried 
over sodium sulphate, was shaken with a dilute solution of sodium 
hydroxide. The aqueous alkaline solution was again made acid 
by the addition of hydrochloric acid and finally extracted with 
ether. The dried ethereal extract, on evaporation, gave a small 
quantity of mandelic acid (melting towards 110°), which showed 
(aj? + 11-5° (c = 0-13, J = 2) in alcoholic solution. 

THE ORGANIC CHEMICAL LABORATORIES, 
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CCIX.—Derivatives of Tetrahydrocarbazole. 


By Wittiam Henry PERKIN, jun., and SypNEY GLENN PRESTON 
PLANT. 


InrEREST attaches to the reduction products of carbazole and 
particularly to tetrahydrocarbazole (I), in the first place because 
it is probable that strychnine is a derivative of the latter substance 
(compare Perkin and Robinson, T., 1910, 97, 315), and secondly 
because tetrahydrocarbazole is structurally somewhat closely 
related to tetrahydroharmine (II) (T., 1919, 145, 938). 


H, H, H, 
a a — 
IH, NH L apie 
ri th wi ee i iy 
Nu if, NH HiMe Nu Hf, 


(L.) (II.) (III.) 
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The reduction of carbazole, C,,H,N, was first investigated by 
Graebe and Glaser (Annalen, 1872, 163, 352), who showed that, 
when heated with hydriodic acid and phosphorus at 220—240°, 
it attaches six atoms of hydrogen yielding carbazoline, C,.H,.N, 
which is now known to have the constitution (ITT). 

These investigators also showed that carbazoline hydrochloride is 
decomposed on distillation into hydrogen, hydrogen chloride, and 
tetrahydrocarbazole (m. p. 120°) : 

C,,H,;,N,HCl = H, + HCl + C,,H,,N. 

In 1888, Drechsel (J. pr. Chem., 1888, [ii], 38, 65) submitted 
phenol to electrolysis with an alternating current and isolated a 
substance, CgH,)0 (b. p. 153—178°), which he named hydropheno- 
ketone. Drechsel combined this substance with phenylhydrazine 
and treated the product with dilute sulphuric acid, when he obtained 
a substance, C,,H,,N (m. p. 108°), which he named hydrophenanilide. 
He recognised the fact that this substance had the same com- 
position as Graebe and Glaser’s tetrahydrocarbazole, but con- 
cluded that the substances were not identical because of the difference 
in their melting points. 

Baeyer (Ber., 1889, 22, 2185; Annalen, 1894, 278, 105) was the 
first to point out that Drechsel’s hydrophenoketone is identical 
with cyclohexanone and that hydrophenanilide, in spite of its rather 
low melting point, is tetrahydrocarbazole. He also pointed out 
that the conversion of the phenylhydrazone of cyclohexanone into 
tetrahydrocarbazole is an example of the Fischer indole synthesis 
and that the change is to be represented thus : 


CH, CH, CH 
f™% i, VAN 
CH, CH, —NH,=CH, ¢———¢ (H 
CH, C: ‘N-NH- ‘CoH; CH, C—NH—C CH 
\Z <a \Z 

CH, CH, CH 


It is somewhat remarkable that this interesting substance has been 
so little investigated ; almost all that is known about its derivatives 
is due to the work of Borsche, Witte, and Bothe (Annalen, 1908, 
359, 53). These investigators were unsuccessful in their attempts 
to nitrate tetrahydrocarbazole (loc. cit., p. 60) and prepared 8-nitro- 
and 6-nitro-tetrahydrocarbazoles,* m. p. 149° and 174° respectively, 


* The scheme of numbering the positions in tetrahydrocarbazole employed 
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from the condensation products of cyclohexanone with o- and 
p-nitrophenylhydrazine. In the case of the condensation product 
of m-nitrophenylhydrazine with cyclohexanone they assume that 
the nitrotetrahydrocarbazole (m. p. 154°) produced by the action of 
dilute sulphuric acid is the 7-nitro-derivative, although it might well 
be the 5-nitro-derivative. This question of constitution is discussed 
in detail below. 

The work described in the present communication may be briefly 
summarised as follows. We find, in the first place, that the phenyl- 
hydrazone of cyclohexanone is converted almost quantitatively 
into tetrahydrocarbazole simply by boiling with glacial acetic 
acid, and in this and other similar cases the product is much cleaner 
than that obtained by the usual process, namely, boiling the phenyl- 
hydrazones with dilute sulphuric acid.. The 9-acetyl derivative of 
tetrahydrocarbazole (IV, m. p. 78°), is readily obtained either 
by boiling cyclohexanoneacetylphenylhydrazone with dilute sul- 
phuric acid, 


CH, H, 
ZN A intimal a 
F™7h. >| | | ie 
C.H;N—N=C_ CH, ae as 
CO-CH, NG ie bs 
: (IV.) : 


or directly from tetrahydrocarbazole by boiling with acetic an- 
hydride or with acetyl chloride in the presence of copper powder 
at the ordinary temperature. 

Contrary to the experience of Borsche, Witte, and Bothe (loc. 
cit., p. 60), we find that it is possible to nitrate tetrahydrocarbazole 
direct if the solution in sulphuric acid is treated with potassium 
nitrate at — 5°. The sole product is 6-nitrotetrahydrocarbazole 
melting at 174°, since it is identical with the substance which 
results from the action of dilute acids on cyclohexanone-p-nitro- 
phenylhydrazone. Additional evidence in support of this view of 
its constitution was obtained in the following way. 

The nitro-derivative, on reduction, yields 6-aminotetrahydro- 
carbazole, which melts at 152° and yields an acetyl derivative 
melting at 208°, and these substances have been synthesised by 
the following steps. p-Acetylaminophenylhydrazine, 

CH,°CO-NH-C,H,-NH-NH,, 
prepared from p-aminoacetanilide by diazotisation and reduction, 
condenses readily with cyclohexanone, yielding cyclohexanone-p- 
acelylaminophenylhydrazone (m. p. 166°), and this substance, when 
digested with glacial acetic acid, is converted into 6-acetylamino- 
tetrahydrocarbazole (m. p. 208°), which was found to be identica] 
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with the derivative of this composition obtained from the product ! 
of the nitration of tetrahydrocarbazole. On hydrolysis, it yielded 
6-aminotetrahydrocarbazole melting at 152°. 

Unexpected results were obtained in a series of experiments of { 
on the nitration of 9-acetyltetrahydrocarbazole (IV) in acetic acid 
solution. The product of nitration is a single acetylnitrotetrahydro- 
carbazole which melts at 174° and, on hydrolysis, yields a new 
nitrotetrahydrocarbazole melting at 172°. It was at first thought 
that the latter was identical with the 6-nitro-derivative (m. p. 174°), 
but this was shown not to be the case, (i) by a mixed melting point 
determination, and (ii) by preparing the acetyl derivative of 6-nitro- 
tetrahydrocarbazole, which was found to melt at 244° instead of 174°. 

It is certainly remarkable that the action of nitric acid on the J This 
acetyl derivative should lead to the introduction of the nitro-group J binin 
into a different position from that which it takes up when tetra- J hexa 
hydrocarbazole itself is nitrated. With regard to the constitution } methy 
of the acetyl derivative of the new nitrotetrahydrocarbazole, two | carba: 
formulz only are possible for reasons given below, namely, V and VI. J meth 


H, NO, 4H, 
ote =e 
NON) /\ 7 ALA Jt 
V i,  ¥, 
CO-CH, CO-CH, 
(V.) (VI.) 


The question has an important bearing on the difficult problem 
of the nature of the nitrotetrahydrocarbazole which is formed from 
cyclohexanone-m-nitrophenylhydrazone by the action of dilute 
acids. We have repeated the experiments of Borsche, Witte, and 
Bothe (loc. cit., p. 68) and have satisfied ourselves that the action 
of dilute sulphuric acid on this m-nitrophenylhydrazone leads to 
the formation of a single nitrotetrahydrocarbazole (m. p. 15*’) 
and not to a mixture of isomerides. The above-named investi- 
gators assign the 7-nitro-structure to this substance, and we are 
inclined to agree with their view that it is 7-nitrotetrahydrocarbazole. 

It is, of course, conceivable that the m-nitrophenylhydrazone 
might yield 5-nitrotetrahydrocarbazole, but this, in our view, i 
probably the constitution of the isomeride which results from the 
nitration of 9-acetyltetrahydrocarbazole. Unfortunately, the ex 
perimental data available at the present time are not sufficient t0 
allow of a decision as to the actual formula either of the product 
of the nitration of 9-acetyltetrahydrocarbazole or of the nitro 
derivative formed from cyclohexanone-m-nitrophenylhydrazone by 
the action of dilute sulphuric acid. 
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After the unexpected results which have been obtained in the 
nitration of 9-acetyltetrahydrocarbazole, it was thought that it 
would be interesting to investigate the nitration of a derivative 
of tetrahydrocarbazole containing a different radicle attached to 
the nitrogen atom, and for this purpose, 9-methyltetrahydrocarb- 
azole (VIL) was selected. 


H, H, 
(\—( Vie NO, \—/( Ha 
OA pin. Fe ae ae 

NMe ft, NMe H, 
(VII.) (VIII.) 


This substance, which appears to be new, was obtained by com- 
bining as-phenylmethylhydrazine, C,H;-NMe-NH,, with cyclo- 
hexanone and then digesting the resulting cycloheaanonephenyl- 
methylhydrazone with dilute sulphuric acid. 9-Methyltetrahydro- 
carbazole melts at 50° and, on nitration, readily yields 6-nitro-9- 
methyltetrahydrocarbazole (VIII, m. p. 192°). That the nitro- 
group in this substance occupies the 6-position was proved in the 
following way. On reduction, it yields 6-amino-9-methyltetra- 
hydrocarbazole (m. p. 105°), the acetyl derivative of which melts 
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at 238°. In order to synthesise this substance, p-aminomethy]l- 
aniline was acetylated and the p-acetylaminomethylaniline converted 
into p-acetylaminonitrosomethylaniline, CH ;*CO-NH-C,H,NMe-NO, 
by means of nitrous acid. This, on reduction with zinc dust 
ud acetic acid, yielded p-acetylaminophenylmethylhydrazine, 
/H,‘CO-NH-C,H,*NMe-NH,, which combined readily with cyclo- 
lexanone. 

The eyclohexanone-p-acetylaminophenylmethylhydrazone was then 
oiled with glacial acetic acid, when it yielded 6-acetylamino-9- 
ethyltetrahydrocarbazole, which melted at 238° and proved to be 
lentical with the substance of this composition obtained from the 
~ t nitration of 9-methyltetrahydrocarbazole in the way described 
ove. 

During the course of these experiments, we were anxious to 
ertain whether the presence of substituents in the 2- and 5- 
sitions in phenylhydrazine would, by steric hindrance, prevent 
te Fischer indole synthesis from taking place, and we selected for 


kperiment, 2-chloro-5-nitrophenylhydrazine (IX). 
NO, * NO, H, 
/\ /\—/a, 
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This substance, which does not appear to have been described, 
was made as follows. o-Chloroaniline, on nitration in concentrated 
sulphuric acid solution, yields 2-chloro-5-nitroaniline which, when 
diazotised and reduced with stannous chloride, is converted into 
2-chloro-5-nitrophenylhydrazine (m. p. 160°). This combines 
readily with cyclohexanone, and the resulting cyclohexanone. 
2-chloro-5-nitrophenylhydrazone (m. p. 78°) reacts readily with hot 
dilute sulphuric acid, yielding 8-chloro-5-nitrotetrahydrocarbazole 
(X), which crystallises in orange prisms melting at 214°. This 
rather unexpected result shows that the occupation of the 2- and 5- 
positions in phenylhydrazine does not inhibit tetrahydrocarbazole 
formation. 

The new carbazole derivatives which have been synthesised during 
the course of this investigation from cyclohexanone are in all cases 
derivatives of tetrahydrocarbazole, and it seemed desirable to 
endeavour to discover some process of oxidation which would 
remove the additional hydrogen atoms and yield the corresponding 
derivatives of carbazole. The information thus obtained would 
also be valuable in deciding the constitution of some nitro- 
and other derivatives of carbazole as to which there is still some 
doubt. 

Borsche, Witte, and Bothe (Annalen, 1908, 359, 75) heated 
tetrahydrocarbazole and several of its methyl derivatives with lead 
oxide at a high temperature and obtained small yields of carbazole 
and the corresponding methyl derivatives, but such a process is 
obviously inapplicable to the nitro- or halogeno-derivatives of 
tetrahydrocarbazole. During the investigation of harmine and 
harmaline, Perkin and Robinson (T., 1919, 115, 961) showed that 
tetrahydroharmine, C,,H,,ON,, is converted into harmaline, 
C,3H,,ON,, when it is oxidised with permanganate. We wer 
unsuccessful when we attempted to obtain dihydrocarbazole 
carbazole from tetrahydrocarbazole by a similar process. An 
oxidising agent which has proved valuable in cases of this kind is 
mercuric acetate, thus, for example, tetrahydroepiberberine ’ 
readily oxidised to epiberberine by this reagent with the loss d 
four atoms of hydrogen (Perkin, T., 1918, 113, 515). On investigat- 
ing the behaviour of tetrahydrocarbazole and 9-methyltetrahydr- 
carbazole towards mercuric acetate, we find that oxidation takes 
place readily with the formation of carbazole and 9-methylearbaz0l, 
although the yields at present are not good. There are indicatic 
that this process may also be successfully applied in the case % 
halogeno- and nitro-derivatives of tetrahydrocarbazole, and 

point is being investigated. 
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EXPERIMENTAL. 
Tetrahydrocarbazole, Cy.H,,N (1). 


In preparing this substance, Borsche (Annalen, 1908, 359, 60) 
combines cyclohexanone with phenylhydrazine and boils the result- 
ing hydrazone with dilute sulphuric acid, but the product obtained 
in this way is always impure and pink-coloured. We find that a 
purer product is obtained direct when the hydrazone is boiled for a 
few minutes with five times its weight of glacial acetic acid, from 
which it separates, on cooling, as a mass of crystals melting at 119°, 
whereas Borsche gives 116° as the melting point. 

The picrate separates, when a hot alcoholic solution of tetrahydro- 
carbazole is mixed with alcoholic picric acid, in dark red crystals 
melting at 147°, and recrystallisation from alcohol does not alter 
this melting point. Padoa and Chiaves (Atti R. Accad. Lincei, 
1907, [v], 16, 765) give the melting point of a specimen of the 
picrate prepared from tetrahydrocarbazole obtained by the reduction 
of carbazole as 133°, but most probably their tetrahydrocarbazole 
contained some unchanged carbazole. 

9-Acetyltetrahydrocarbazole (IV).—The — cyclohexanoneacetyl- 
phenylhydrazone used in the preparation of this substance was 
obtained by heating cyclohexanonephenylhydrazone with an equal 
weight of freshly-distilled acetic anhydride on the steam-bath for 
two hours and then distilling under reduced pressure, when the 
acetyl derivative passed over at 210—220°/14 mm. as a viscous 
liquid which did not erystallise (Found: N = 12-1. C,,H,,ON, 
requires N = 12-2 per cent.). 

When this acetyl-hydrazone was heated with dilute sulphuric 
acid (20 per cent.) for a few minutes, an oil resulted which solidified 
on cooling. This product was recrystallised from alcohol, from 
which it separated in thick prisms melting at 77°, and this proved 
to be pure 9-acetyltetrahydrocarbazole. In this particular case it 
was found rather unexpectedly that the closing of the indole ring, 
by boiling with acetic acid, occurred with some difficulty, and even 
after boiling for an hour some acetyl-hydrazone remained unchanged. 
The same acetyl derivative was obtained by the direct acetylation 
of tetrahydrocarbazole under the following conditions: Tetra- 
hydrocarbazole (30 grams) was mixed with glacial acetic acid 
(150 ¢.c.) and acetyl chloride (50 c.c.), and after adding a little 
copper powder, the whole was allowed to remain for fourteen days 
in a flask fitted with a calcium chloride tube. The product was 
decomposed by ice and water, the sticky, dark green solid extracted 
with chloroform, the extract dried over calcium chloride, the chloro- 
form removed, and the residue distilled under reduced pressure, 
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when an almost colourless distillate was obtained which solidified 
on cooling. This separated from alcohol in colourless crystals 
melting at 77°, and proved to be identical with the 9-acetyltetra. 
hydrocarbazole obtained from the acetyl-hydrazone as explained 
above (Found: N = 6-5. C,,H,,ON requires N = 6-6 per cent.), 

This acetyl derivative may also be obtained by boiling tetrahydro. 
carbazole with three times its weight of acetic anhydride for six 
hours and then distilling the product. Several attempts were made 
to prepare 9-benzoyltetrahydrocarbazole from tetrahydrocarbazole 
by the action of benzoyl chloride under varying conditions, but the 
product was always resinous and could not be purified. Similar 
results were obtained when benzoic anhydride was used. If the 
solution of tetrahydrocarbazole in glacial acetic acid is boiled with 
benzoyl chloride in the presence of a little copper powder, and the 
product distilled, a solid is obtained which after crystallisation melts 
at 77° and consists of 9-acetyltetrahydrocarbazole. 


The Nitration of Tetrahydrocarbazole. 
6-Nitro- and 6-Amino-tetrahydrocarbazole. 


It is explained in the introduction (p. 1827) that the nitration of 
tetrahydrocarbazole may be directly accomplished at low tempera- 
tures, and the following conditions have been found to work 
well : 

Tetrahydrocarbazole (10 grams), dissolved in concentrated 
sulphuric acid (70 c.c.), is cooled to — 5° and then the theoretical 
quantity (5-9 grams) of powdered potassium nitrate added in small 
quantities at a time, the solution being continuously stirred and kept 
below — 3°. The product is poured on to ice, the crude, yellow nitro- 
compound collected, washed thoroughly with water, and dried over 
sulphuric acid. It is then recrystallised from alcohol, from which it 
separates in small, thick prisms melting at 174°, and careful com- 
parison showed that this substance is identical with the nitro- 
tetrahydrocarbazole obtained by Borsche (Annalen, 1908, 359, 67) 
from cyclohexanone-p-nitrophenylhydrazone by warming with 
sulphuric acid. 

The 9-Acetyl Derivative-—This substance, which was required for 
comparison with the acetyl derivative obtained by nitrating acetyl 
tetrahydrocarbazole (compare p. 1828), was prepared in the following 
manner. 6-Nitrotetrahydrocarbazole (5 grams) was boiled with 
acetic anhydride (50 ¢.c.) for two hours, when, on cooling, yellor 
needles separated, which were recrystallised from . glacial acct! 
acid (Found: N = 10-8. C,,H,,0,N, requires N = 10-8 per cent.) 
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6-Nitro-9-acetyltetrahydrocarbazole melts at 244° and is readily 
hydrolysed to 6-nitrotetrahydrocarbazole when it is digested with 
a solution of sodium hydroxide in 50 per cent. aqueous alcohol. 

6-Aminotetrahydrocarbazole-—In order to prepare this substance, 
the nitro-derivative (4 grams) was added to a mixture of iron filings 
(10 grams), water (100 c.c.), and hydrochloric acid (3 ¢.c.) and the 
whole heated on the steam-bath for an hour with frequent shaking. 
The product was cooled, made alkaline with sodium hydroxide, 
and the solid collected and extracted several times with boiling 
water, when, on cooling, the amino-derivative separated in crystals, 
the yield being about 40 per cent. of the theoretical. 

6-Aminotetrahydrocarbazole separates from alcohol or toluene in 
colourless plates and melts at 152° (Found: N= 15-1. C,,H,,N. 
requires N = 15-0 per cent.). The picrate was prepared by mixing 
the hot alcoholic solution of the amino-derivative (1 gram) with 
picric acid (1-2 grams), when, on cooling, bright red needles separated 
which, after recrystallisation from alcohol, melted at 214° with 
decomposition. 

6§-Acetylaminotelrahydrocarbazole was prepared by mixing the 
amino-derivative in hot benzene with a slight excess of acetic 
anhydride. The crystalline mass was collected and recrystallised 
from dilute acetic acid, from which it separated in thick, colourless 
prisms melting at 208°. 

6-Benzoylaminotetrahydrocarbazole was precipitated when the 
amino-derivative, dissolved in hot benzene, was mixed with benzoyl 
chloride, and separated from alcohol in clusters of short prisms 
melting at 207° (Found: N = 9-6. C,,H,,ON, requires N = 9-7 
per cent.). 

Synthesis of 6-Acetylaminotetrahydrocarbazole-—For the purpose 
of this synthesis, p-acetylaminophenylhydrazine hydrochloride was 
prepared from p-aminoacetanilide by reduction with stannous 
chloride in the usual manner (Riedel, D.R.-P. 80843) and was 
employed as such because the free base is difficult to obtain pure 
and rapidly decomposes on standing in the air. Sodium (5 grams) 
dissolved in alcohol (80 c.c.) was mixed with cyclohexanone (6-5 
grams) and the hydrazine hydrochloride from 10 grams of p-amino- 
acetanilide added, when there was considerable rise of temperature. 
The whole was warmed on the steam-bath for a few minutes, mixed 
with water, the precipitate collected and recrystallised from alcohol, 
from which it separated in needles melting at 165—166°, and 
this substance, which decomposed gradually on keeping, is 
cyclohexanone-p-acetylaminophenylhydrazone (Found: N= 17-1. 
C,H, ON, requires N = 17-1 per cent.). When an attempt was 
made to convert this substance into the corresponding indole 
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derivative by the action of sulphuric or hydrochloric acid, simul- 
taneous elimination of the acetyl group took place. 

It was, however, found that glacial acetic acid leads directly and 
easily to 6-acetylaminotetrahydrocarbazole. The hydrazone was 
simply heated with glacial acetic acid almost to the boiling point, 
the flame was then removed, when the formation of the indole ring 
took place so energetically that the acid boiled for some time. 
On the addition of a little water, 6-acetylaminotetrahydrocarbazole 
separated from the dilute acetic acid in short, colourless prisms 
melting at 208° (Found: N = 12-5. C,,H,,ON, requires N = 123 
per cent.). The free amino-derivative was obtained by boiling 
the acetyl derivative with concentrated hydrochloric acid for ten 
minutes, during which time the hydrochloride separated as a 
gelatinous precipitate. The whole was mixed with ice, made 
alkaline with ammonia, and the amino-derivative collected, washed, 
dried, and recrystallised from alcohol, from which it separated in 
small plates melting at 152°. A careful comparison showed that 
this base (and its acetyl derivative) is identical with 6-aminotetra- 
hydrocarbazole (and its acetyl derivative) prepared from 6-nitro- 
tetrahydrocarbazole by reduction in the manner described above. 


9-Methyltetrahydrocarbazole (VII) and its 6-Nitro- (VIII) and 6- 
Amino-derivatives. 


9-Methyltetrahydrocarbazole, which does not appear to have 
been described, may be obtained from cyclohexanone and as- 
phenylmethylhydrazine in the following manner: The phenyl- 
methylhydrazine (5 grams) is mixed with cyclohexanone (4-1 grams), 
when there is a considerable rise of temperature and the mixture 
becomes cloudy owing to the separation of water. 

After heating on the steam-bath for a few minutes, the hydrazone 
is converted into the carbazole by boiling with sulphuric acid 
(20 c.c.) and water (90 c.c.), when an oil separates which crystallises 
on cooling, and on recrystallisation from alcohol 9-methyltetra- 
hydrocarbazole separates in colourless needles. Alternatively, the 
hydrazone is boiled with glacial acetic acid for a few minutes, when, 
on diluting with water, the carbazole separates as an oil which 
soon solidifies and is again crystallised from alcohol (Found: 
N=17-5. (C,,;H,;N requires N = 7-6 per cent.). 


9-Methyltetrahydrocarbazole melts at 50° and yields a picrate | 


which separates from alcohol in dark red needles melting at 116°. 

6-Nitro-9-methyltetrahydrocarbazole was obtained in ‘almost quat- 
titative yield by the method used in the case of the preparation 
of 6-nitrotetrahydrocarbazole, and the crude product was crystallised 
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from glacial acetic acid, from which it separated in long, yellow 
prisms melting at 192° (Found: N = 12:2. C,,H,,0,N, requires 
N = 12-2 per cent.). 

6-Amino-9-methyltetrahydrocarbazole was prepared by reducing 
the nitro-derivative with iron and a little hydrochloric acid (com- 
pare p. 1829), and the product was extracted with boiling water, 
when, on cooling, the amino-derivative separated in colourless 
prisms melting at 105°. 

The picrate crystallises from hot alcohol in orange needles 
and melts at 212° (Found: N = 16-1. C,,;H,,N,,C,H,(OH)(NO,), 
requires N = 16-3 per cent.). 

6-Acetylamino-9-methyltetrahydrocarbazole is readily obtained by 
adding acetic anhydride to the solution of the amino-compound in 
benzene and is purified by crystallisation from acetic acid, from 
which it separates in colourless needles melting at 238° (Found : 
N= 11-6. C,;H,,ON, requires N = 11-6 per cent.). 

Synthesis of 6-Acetylamino-9-methyltetrahydrocarbazole—For the 
purpose of this synthesis, p-aminomethylaniline, NH,°C,H,-NHMe, 
was prepared by the reduction of p-nitrosomethylaniline with 
sodium sulphide. This was dissolved in benzene and treated with 
the theoretical amount of acetic anhydride, when there was con- 
siderable rise of temperature and p-acetylaminomethylaniline 
separated as an oil. This was extracted and separated from the 
benzene by the calculated quantity of dilute hydrochloric acid, 
the solution was cooled below 0°, and the required amount of 
sodium nitrite, dissolved in a little water, added gradually 
with continuous stirring. The p-acetylaminonitrosomethylaniline, 
CH,CO-NH-C,H,-NMe-NO, which separated in rather poor yield 
as a yellow, crystalline mass, was collected, washed with water, 
and recrystallised from alcohol, from which it separated in almost 
colourless plates and melted at 146° (Found : N = 21-7. C,H,,0.N; 
requires N = 21-8 per cent.). This acetyl derivative (4 grams) was 
made into a paste with glacial acetic acid (6 grams) and gradually 
added to water (21 ¢.c.) and zine dust (12 grams of 90 per cent.) 
with continuous stirring, when there was some rise of temperature, 
which, however, was kept below 25°. 

After remaining over-night, the product was rendered alkaline 
by the addition of sodium hydroxide, extracted with much ether, 
the ethereal solution dried over potassium carbonate, and evapor- 


@ ated, when p-acetylaminophenylmethylhydrazine, 


CH,°CO-NH-C,H,-NMe-NH,, 
remained as a dark oil. 
This oil was now added to excess of cyclohexanone, and the 
resulting hydrazone boiled with glacial acetic acid (10 grams), 
3 R* 


1836 PERKIN AND PLANT: 


when the formation of the indole ring proceeded smoothly, and, 
on the addition of water, 6-acetylamino-9-methylielrahydrocarbazole 
was precipitated. After crystallisation from acetic acid, this 
melted at 238° (Found: N = 11:5. C,;H,,ON, requires N = 11-6 
per cent.) and was shown to be identical with the substance of this 
composition obtained from the product of the nitration of 9-methyl- 
tetrahydrocarbazole (p. 1835) by careful comparison and by the 
fact that the mixture of the two preparations melted at 238°. 


5( ?)-Nitrotetrahydrocarbazole. 


Although tetrahydrocarbazole and 9-methyltetrahydrocarbazole, 
on nitration under the conditions given on pp. 1832 and 1834, give 
almost quantitative yields of the corresponding nitro-derivatives 
in which the nitro-group occupies the 6-position, 9-acetyltetra- 
hydrocarbazole behaves quite differently. When nitration was 
attempted in sulphuric acid solution with potassium nitrate, an 
unsatisfactory product was obtained, from which nothing definite 
could be isolated by recrystallisation from the usual solvents. 

It was, however, ultimately discovered that nitration may be 
satisfactorily carried out in glacial acetic acid solution under the 
following conditions. 9-Acetyltetrahydrocarbazole (3-6 grams) was 
dissolved in glacial acetic acid (50 ¢.c.) and then nitric acid (17 
grams of d 1-4) diluted with a little glacial acetic acid gradually 
added at room temperature. The mixture was allowed to remain 
over-night, when long, pale yellow prisms separated which were 
collected and recrystallised from glacial acetic acid (Found: N= 
10-7. C,4H,,0,N, requires N = 10-8 per cent.). 

5-Nitro-9-acetyltetrahydrocarbazole melts at 174° and is readily 
hydrolysed when it is warmed with a solution of sodium hydroxide 
in 50 per cent. aqueous alcohol. On the addition of water, a yellow, | 
crystalline substance separates which may be crystallised either 
from alcohol or chloroform, from which it separates in long prisms 
(Found: C= 666; H=56; N=12-9. C,,H,,0,N, requires 
C = 666; H = 5-5; N = 13-0 per cent.). 


5-Nitrotetrahydrocarbazole melts at 172°, or at about the same 9 ¢ 


temperature as the 6-nitro-derivative, and as it was at first thought 
that these two substances might be identical, a mixed melting 
point determination was made, when the mixture began to melt at 
125° and was completely melted at 151°. 


7( ?)-Nitrotetrahydrocarbazole and 8-Chloro-5-nitrotetrahydrocarbazole 
(X). 


It has already been pointed out (p. 1828) that the action of m- 
nitrophenylhydrazine on cyclohexanone might theoretically lead 
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to the formation of 7-nitro- or 5-nitro-tetrahydrocarbazole or a 
mixture of both, and the following experiment was made with the 
object of ascertaining whether the product is actually a single 
substance or a mixture of isomerides. cycloHexanone-m-nitro- 
phenylhydrazone (5-4 grams) was mixed with sulphuric acid (10 c.c.) 
and water (50 c.c.), in which it dissolved, but, on boiling, a brick- 
red, crystalline precipitate separated which was collected, washed 
with water, and dried. The yield of this substance was 82 per cent. 
of that theoretically possible, the loss being due to the hydrolysis 
of a little of the hydrazone into m-nitrophenylhydrazine and cyclo- 
hexanone. In this condition, the substance melted at 154°, and 
this was not altered by recrystallisation from methyl alcohol, from 
which the substance separated in clusters of prisms and was 
obviously homogeneous. Although carefully searched for, no 
trace of any isomeride of this 7-nitrotetrahydrocarbazole could be 
detected. 

8-Chloro-5-nitrotetrahydrocarbazole (compare p. 1829).—The pre- 
paration of this interesting substance was carried out under the 
following conditions. 2-Chloro-5-nitroaniline was prepared from 
o-chloroaniline by nitration in concentrated sulphuric acid solution, 
under the conditions recommended by Chattaway, Orton, and 
Evans (Ber., 1900, 33, 3062). This substance (6 grams) was added 
to concentrated hydrochloric acid (50 ¢.c.) and diazotised below 0° 
by the addition of sodium nitrite (2-5 grams) dissolved in a little 
water. A solution of stannous chloride (15-5 grams) in concen- 
trated hydrochloric acid (20 c.c.) was then added, and the pre- 
cipitate collected, washed with a little water, dissolved in much 
hot water, and the tin removed by means of hydrogen sulphide. 
The free 2-chloro-5-nitrophenylhydrazine was obtained from the 


Fiiltrate by the addition of sodium acetate and was recrystallised 


from aleohol, from which it separated in long, orange needles 
melting at 160° (Found : N = 22-5. C,H,O,N,Cl requires N = 22-4 
per cent.). 

cycloHexanone (1-3 grams) and 2-chloro-5-nitrophenylhydrazine 
2 grams) were mixed together in boiling alcoholic solution, when, 
on cooling, cyclohexanone-2-chloro-5-nitrophenylhydrazone separated 
in bright yellow prisms melting at 78° (Found: N = 15-7. 
C,,H,,0,N,Cl requires N = 15-7 per cent.). The influence on the 
colour due to the introduction of the chlorine atom is very marked, 
ince cyclohexanone-m-nitrophenylhydrazone is bright red. 

The hydrazone (2 grams) was now heated with sulphuric acid 
4c.c.) and water (20 c.c.), when 8-chloro-5-nitrotetrahydrocarbazole 
feparated as a reddish-brown solid, which was purified by recrystal- 
sation from alcohol, from which it separated in clusters of orange 

3R* 2 
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prisms melting at 214° (Found: N = 11-3. C,,.H,,0,N,Cl requires 
N = 11-2 per cent.). ‘ 

¢ 
Oxidation of Teirahydrocarbazole and of 9-Methylietrahydrocarbazole. t 

The interest attaching to the oxidation of hydrocarbazole , 
derivatives is discussed in the introduction (p. 1830), and one 
of the objects we had in view was the discovery of a process which . 
would be applicable, not only to the hydrocarbazoles themselves, ‘ 
but also to the chloro-, nitro-, and other derivatives. In the « 
first experiments, the oxidation of tetrahydrocarbazole, sus- J ;, 
pended in dilute sulphuric acid at room temperature, with the 
theoretical quantity of permanganate was investigated. Oxidation 
took place very readily with almost immediate disappearance of 
the pink colour, but no carbazole could be isolated from the product. 

A similar negative result was obtained when tetrahydrocarbazole, 
without solution in dilute sulphuric acid, was oxidised with aqueous 
permanganate at about 80°. Subsequent experiments seemed to J 
indicate that mercuric acetate may prove to be a useful reagent 

in such oxidations, as the following examples show. 

Oxidation of Tetrahydrocarbazole to Carbazole.—This change takes 
place under the following conditions. Tetrahydrocarbazole (5 grams) TH 
is dissolved in glacial acetic acid (25 ¢.c.) at 85° and the solution hy 
added to the theoretical quantity of mercuric oxide (25-5 grams), J are 
dissolved in glacial acetic acid (25 c.c.), also at 85°. The mixture § ( 
is heated on the steam-bath for a few minutes, allowed to cool, the J 3 
mercurous acetate removed by filtration, and the filtrate diluted J Pos 
with water, when a yellow mercury compound of unknown com- @ re 
position separates. This was collected with the aid of the pump, T 
washed with dilute nitric acid, and dried on porous porcelain. | of 
Hydrogen sulphide was now bubbled through this mercury deriv- It i 
ative suspended in hot glacial acetic acid (50 per cent.), and the 8 
whole filtered hot, when, on dilution with water, the filtrate gave 4 hyd 
small quantity of a solid which, after crystallisation from toluene, Se 
proved to be carbazole, but the yield was small. sr 

¢ 
oxid 

Oxidation of 9-Methyltetrahydrocarbazole to 9-Methylcarbazole. 

In this experiment, the oxidation with mercuric acetate was 4,.— 
carried out under the conditions stated in the case of the oxidation Th 
of tetrahydrocarbazole and on diluting the filtrate from the mer @ ),;., 
curous acetate with water a sticky mass separated. This WS@ ¢,. 2 
extracted with chloroform, the solution dried over calcium chloride, (1) 


the chloroform removed, and the residue distilled under 23 m0. 
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pressure, when metallic mercury and a colourless oil collected in 
the receiver. The oil soon solidified and, after crystallisation from 
alcohol, melted at 85—86° and proved to be 9-methylcarbazole, as a 
comparison of the properties and a mixed melting-point determina- 
tion demonstrated. The yield was better than in the tetrahydro- 
carbazole experiment, and amounted to at least 20 per cent. of 
the theoretical. 

Lastly, an experiment was made on the action of mercuric 
acetate on 6-nitrotetrahydrocarbazole, and in this case also mer- 
curous acetate was formed, and water precipitated from the acetic 
acid filtrate a mercury derivative, the investigation of which is 
in progress. 

Tue Dyson Perrins Laboratory, 

OxForRD. [Received, October 1st, 1921.] 


CCX.—Some Properties of Fused Sodium Hydroxide. 
By Tuomas WALLACE and ALEXANDER FLECK. 


THE amount of information available concerning fused sodium 
hydroxide is very small considering the enormous quantities which 
are produced and used every day in the chemical industry. 

Certainly for one period in its production, and often continuously 
in its use sodium hydroxide is in the fused condition, and as such 
possesses many characteristic chemical properties, some of which 
are quite distinct from the properties of sodium hydroxide in solution, 

This paper is a collection of some results obtained in the course 
of everyday working and experimenting with the fused material. 
It is divided into three sections. 

Section A.—Estimation of moisture contained in sodium 
hydroxide. 

Section B.—Action between sodium hydroxide and metals when 
heated in air. 

Section C.—Action between metals and mixtures of sodium hydr- 
oxide and sodium peroxide. 


A.—Estimation of the Moisture contained in Sodium Hydroxide. 


The fact that sodium hydroxide, even when fused, contains 
moisture is quite well known, and various methods are available 
for removing it. Among these are 

(1) The addition of sodium, 
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(2) Prolonged heating at 700° (Neuman and Bergve, Zeitsch. 
Elektrochem., 1915, 21, 143). 

(3) Electrolytic decomposition. 

None of these methods is easily applicable for a quantitative 
estimation. The suggestion of a suitable method came from some 
observations made when sodium hydroxide was being fused in a 
vacuum. An iron boat containing this material was placed in a 
horizontal glass tube connected witha mercury pump. The apparatius 
was evacuated and the sodium hydroxide slowly fused. As soon 
as the hydroxide melted, an extraordinarily vigorous bubbling and 
spitting took place. So much sodium hydroxide was thrown from 
the boat that the glass tube became quite opaque. This con- 
tinued for some time, and then the alkali which was left in the 
boat became quiet, and it was seen that in the cooler portions 
of the tube moisture had condensed. By weighing the sodium 
hydroxide used and by absorbing the water in a weighed phosphoric 
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(a) Silica tube. (b) Metal tube and boat. (c) Glass plugs. (d) Airtight 
sealing-wax joints. (e) Phosphoric oxide tube with pressure-tubing joints (e,é;). 
(f) Portion of tube heated. 


oxide tube, the percentage of moisture could easily be obtained. 
This method with some modifications was used and the arrange- 
ment is shown in Fig. 1. A silica tube was used to minimise the 
risk of cracking. A metal tube was introduced in order to protect 
the silica, and the rounded glass plug with which the tube was sealed 
enabled a view of the boat to be obtained. The sodium hydroxide 
used, which had been fused for some weeks before being poured 
into the boat, was weighed with all possible speed. By handling 
the hydroxide quickly while it was warm, it could be got into the 
tube without taking any appreciable quantity of moisture from 
the air. When the boat had been placed in the tube and the 
apparatus evacuated, the tube was gradually heated to approxi- 
mately 500° and this temperature was maintained for about an 
hour. Long before this time had elapsed all ebullition had ceased. 
After the apparatus had cooled, the phosphoric oxide tube was 
detached and weighed. It was found that the amount of moisture 
varied in different samples of sodium hydroxide. The lowest 
value observed was 0-9, the highest was 1-2, whilst the average 
value was 1-1 per cent. 
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It is interesting to note that if white, crystalline sodium hydroxide 
is put into the boat at the beginning, it will still be white at the 
end of the experiment. Had the fusion at 500° taken place in an 
iron boat in air, the sodium hydroxide would have become dis- 
tinctly green. It was further observed that when green sodium 
hydroxide has been put into the boat initially, the hydroxide which 
remains in the boat at the end of the experiment has become pure 
white. These observations indicate : 

(a) That air (or oxygen) is necessary to effect any solvent action 
between iron and sodium hydroxide at temperatures up to 500°. 

(b) That in a vacuum, iron is capable of acting as a reducing 
agent in fused sodium hydroxide in the same way as sulphur, 
sodium, ete. 


B.—Reaction between Sodium Hydroxide and Metals when 
Heated in Air. 


Analysis of sodium hydroxide, even of the white, finished 
product, always reveals the presence of metallic impurities, usudlly 
oxides of iron, aluminium, nickel, manganese, calcium, and 
magnesium. 

Sodium hydroxide fused in an iron vessel is invariably coloured, 
due to these metallic impurities (except immediately after treat- 
ment with some reducing agent, usually sulphur). The colour of 
the sodium hydroxide varies with the temperature and the relative 
proportion of metals dissolved. or example, if iron is predominant, 
then the sodium hydroxide has a green colour up to about 450—500°. 
At higher temperatures, it becomes blackish-yellow. If copper 
is predominant, the sodium hydroxide is coloured an intense blue, 
and so on. 

It is interesting to note, in passing, that the amount of metals 
in solution is always very small, and that a very small percentage 
of metallic impurity produces a very strong coloration in the sodium 
hydroxide. 

We have had occasion to examine many samples of commercial 
sodium hydroxide, which were in most cases very pure so far as 
other sodium salts are concerned, and we have never found the total 
percentage of metallic oxides to be more than 0-05 per cent. The 
bulk of this is usually iron and manganese, yet these small quan- 
tities are sufficient to colour the sodium hydroxide very deeply. 
In order to obtain a more complete knowledge of the behaviour of 
fused sodium hydroxide with metals, we conducted the several 
series of experiments given below. 
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1. Action of Fused Sodium Hydroxide on Iron at Various 
Temperatures. 


Two sets of experiments were performed : 

(a) With spun iron laboratory crucibles. 

(6) With cast crucibles made from the iron used in the manu- 
facture of ordinary melting pots for sodium hydroxide. 

The sodium hydroxide used was of the best quality, never con- 
taining more than 1 per cent. of total impurity, of which the 
greatest part was sodium carbonate. The hydroxide was in the 
form of large, glistening crystals taken from the middle of a large 
mass, and small pieces of these were placed in the crucible. 

The apparatus used is shown in Fig. 2, and with these arrange. 
ments it was possible to keep the temperature fairly constant to 
within 10°. 

Fic. 2. 
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(a) Firebricks. (b) Iron pot. (c) Iron crucibles. (d) Gas ring. 
(p) Pyrometer. 


The modus operandi was the same throughout the experiments. 
Two crucibles were placed in the furnace together and were used, 
when possible, throughout the series. Before each experiment, 
the insides of the crucibles were cleaned and burnished. Fifty 
grams of solid sodium hydroxide were introduced, and the crucibles 
were covered by loose lids, placed in the furnace, and kept at the 
required temperature for four hours. By heating the furnace to 
the required temperature before the crucibles were put in, a steady 
condition could be obtained within an hour. 

At the end of four hours the crucibles were removed and the 
contents poured into nickel moulds. Each crucible was then 
thoroughly washed out and the washings were added to the solution 
of the main quantity of the sodium hydroxide. The total iron in 
the resulting liquid was estimated. Wherever possible, the amount 
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of iron dissolved in the sodium hydroxide was estimated inde. 
pendently. The experiment was repeated three or four times at 
each particular temperature. 

Table I gives the observations and data collected from the experi. 
ments conducted with laboratory crucibles. Particularly from 
500° upwards, the action of sodium hydroxide and iron seems to 
be very complex, and at each of the temperatures taken we were 
met with absolutely different phenomena under what were, so far 
as we knew, the same conditions. The term ‘“ Frequence ”’ in the 
table indicates for each particular temperature the number of times 
the phenomena described were met with. We are without any 
satisfactory explanation why this variation in the phenomena 
occurred. 


Results with Cast Iron Crucibles. 


The qualitative results were the same as those described in the case 
of spun crucibles, except in one particular. The sodium hydroxide 
obtained at 550°, when dissolved in water, gave a large quantity 
of purple precipitate, which yielded ferric hydroxide on keeping, 
or on the addition of water and was probably sodium ferrate. 
The total amount of iron removed was, however, much larger, 
and on the whole the tendency seemed to be for the quantity to 
rise with the temperature. 

As in the previous experiments, the formation of the scintil- 
lating crystals was associated with a considerable rise in the total 
quantity of iron removed. The iron in solution was estimated 
and the quantity found to be of the same order as that estimated 
in the sodium hydroxide used with the other crucibles. 

In generalising the results of these observations it should be 
clearly understood that they might be different if a period of heating 
other than four hours had been fixed upon. Practical experience, 
however, has shown that, in these experiments, the quantities of 
iron dissolved in the sodium hydroxide are of the same order as 
those contained in hydroxide which has been fused in iron pots 
for several weeks. 

The quantitative results obtained with cast iron crucibles and 
those given in the table, are shown graphically in Fig. 3. 

The important conclusions to be drawn from the table and the 
curves are as follows : 

1. At temperatures up to and including 400° the ferric oxide 
formed by the action of sodium hydroxide and iron remains it 
suspension for at least several hours and practically no iron # 
dissolved. 

2. Between 400° and. 500° the amount of iron removed is much 
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smaller. The red oxide formed settles to the bottom very quickly, 
except for a small amount which dissolves in the sodium hydroxide. 
3. Between 500° and 550°, a soluble substance is formed which 
settles out as a yellow precipitate when the sodium hydroxide 
cools. This does not always occur. 
4. At 550° and above, a yellow, crystalline substance is formed 
which is insoluble in sodium hydroxide at temperatures up to 650°. 


© 350° 400°. #50 = 500° = SSO®— 600° 

_ Laboratory iron crucibles.—(1) Quantity of iron dissolved. (2) Quantity of 
tron removed (a) when yellow precipitate and crystals are not formed ; (b) when 
yellow precipitate and crystals are formed. 


_ Cast iron crucibles.—(3) Quantity of iron removed (a) when yellow precipitate 
ts not formed ,; (b) when yellow precipitate is formed. 


5. The graphs of the quantitative data show clearly that 

(2) The amount of iron dissolved is very small compared with 
the amount removed. 

(6) The amount dissolved increases with the temperature. 

(c) With laboratory iron crucibles the amount removed falls 
rapidly from 400° to 600°, except when yellow crystals are formed. 
In these cases the amount is greatly increased. 

(¢) With cast iron crucibles the tendency is for the amount 
temoved to increase steadily with rise of temperature. 
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Isolation of the Crystalline Substance observed at 550° and above, 


By the methods described above, it was impossible to isolate any 
of the crystals, as they were spread through the mass of the solid 
sodium hydroxide obtained in the mould, and treatment with 
water always gave a precipitate of ferric hydroxide, from which 
the crystals could not easily be separated. A new method had 
to be adopted. 

The crucibles were treated exactly as before, the sodium hydr. 
oxide was introduced, and the crucibles were heated to 500—600° 
and left for four to eight hours. The gas was then turned off, the 
crucibles left in the furnace to cool slowly, and, when cold, the solid 
block of sodium hydroxide was tapped out of the crucible. The 
first result of this method was to reveal the presence of some dark 


(a) Red crystals. (b) Yellow crystals. (c) Red iron oxide. 


red crystals which had not been seen before. The solid block of 


hydroxide was split vertically and gave a section sketched in Fig. 4. 


It will be observed that the red oxide and the yellow crystals had 


settled out very conveniently for purposes of separation, and that 
the dark red crystals were found at the point where air, iron, and 
sodium hydroxide meet. 

The bottom of the block was split off and a piece of sodium 
hydroxide was thus obtained containing all the yellow crystals 
with a compact layer of red oxide on the bottom. This was com- 
pletely scraped off with a knife, and the sodium hydroxide dissolved 
in water. A solution was obtained, with the yellow crystals and 
a small amount of the red oxide in suspension. The final separation 
was accomplished by spinning the solution round and then holding 
the beaker still. The red oxide rapidly settled out in a little heap 
on the bottom while the crystals were still carried round with the 
liquid. The latter was rapidly decanted off and carried the majo 
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bove, 


portion of the crystals with it, while the red oxide was left in the 
Y any beaker. 

solid A sample of the dark red crystals was easily obtained by breaking 
with § off the sodium hydroxide at the edges, which was quite free from 
hich @ the red oxide, and dissolving it. Being at the edge, the crystals 
had @ could be removed with only a very small amount of sodium 

hydroxide. 

vdr- In this way a fairly large quantity of the yellow crystals was 
600° & obtained, and a small quantity of the darker crystals. The yellow 
, the § crystals consist of iron, sodium, and oxygen, and their chemical 
solid § properties are identical with those of the red crystals described 

The | on p. 1854. The presence of sodium was first indicated in an 
dark | attempt to estimate the oxygen by reduction in a stream of 
hydrogen. Very varying results were obtained, and in all cases 
the boat (both platinum and silica were used) showed signs of 
having been acted on. This disproved the suggestion that the 
yellow crystals might be crystalline oxides of iron. 

The analysis of the crystals proved very unsatisfactory. The 
estimation of the iron was effected without difficulty, but even 
here the results obtained were never within the limits of experi- 
mental error, although they were always fairly close to one another. 
The estimation of the sodium was completely unsatisfactory, the 
difficulty being to obtain a suitable method. This difficulty was 
overcome later and the method finally employed to estimate the 
sodium will be fully dealt with in section C. 

Several analyses were performed (Found : Fe = 56-3; Na = 14:8; 
} 0= 28-9 per cent.), but the figures correspond with no simple for- 
mula (Na,Fe,O, is the simplest), and cannot be regarded as giving 
more than an indication of the composition of the crystals. 

. Owing to the trial of one method after another, our sample was 


that & almost exhausted. Our old crucibles were worn out, and we had 

ual to wait many months before new ones could be obtained (1917—18). 
When we did get them, we were totally unsuccessful in our attempts 

i to prepare anything like reasonable quantities of the crystals. 

lium ig : 

stals The reason for this is not evident. The matter was allowed to 

oe rest there until another series of experiments was performed, 

Ived which is described in section C. 

and 

ition 2. Action of Fused Sodium Hydroxide on Nickel at Various 

ding Temperatures. 


heap 
. the Ordinary laboratory nickel crucibles were used, and the gas-fired 
ajot furnace was replaced by an electrically-heated muffle. In each 


experiment two crucibles containing 150 grams of sodium hydroxide 
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and fitted with fairly tight nickel lids were used. The nickel in 
the hydroxide was estimated by dissolving the product in hydro- 
chloric acid and precipitating the nickel by dimethylglyoxime in 
the usual way. The phenomena observed were very inconsistent. 
Owing to this, one series of experiments was abandoned altogether, 
and another undertaken with the intention of raising the tem- 
perature by steps of 20° rather than 50°. 

It is very difficult to sum up the reaction of nickel and sodium 
hydroxide. The most feasible line of explanation is that the inner 
surface of the crucible is oxidised in some way which is not very 
dear. It is well known that nickel oxide is only very slightly 
soluble in sodium hydroxide, and it would consequently form a 
protective covering. This would account for the small quantities 
of nickel found in the alkali and for the absence of anything com- 
parable with the red oxide obtained with iron crucibles. The produc- 
tion of the silvery crystals observed in one isolated case will be 
fully dealt with in section C. In some cases, similar to what we 
once or twice obtained with iron crucibles, there seemed to be no 
action whatever. The explanation of such cases, in which the 
inside surface of the crucibles remained quite bright and clean, 
would seem to be one where the metal was in the passive state. 
It should be noted, however, that these negative results were not 
obtained after the crucibles had been used for a while. 


3. Action with Copper at Various Temperatures. 


A similar series of experiments to those performed with nickel 
was undertaken with two crucibles beaten out of }-inch sheet. 

With copper there seemed to be a very complex action, judging 
by the various phenomena which were observed. In contra- 


] distinction to iron, the phenomena were almost the same for various 


temperatures, but they became intensified as the temperature rose. 

The following phenomena were observed at 350°, and in a greater 
degree at higher temperatures. 

The fused sodium hydroxide was clear and intensely blue and 
contained a number of shiny scales floating in it. On pouring the 
melt into a cold mould, the first sodium hydroxide to touch the 
mould instantly became intensely yellow, whilst the rest of the 
hydroxide, cooling comparatively slowly, deposited a red substance. 
The final solid was dark red, with a bright yellow surface where it 
had been in contact with the mould. This yellow effect was without 
doubt due to the sudden cooling of the sodium hydroxide. 

Several interesting phenomena were observed during the analysis 
of the sodium hydroxide. When the alkali was put into water, a 
‘vid yellow substance was precipitated, and this was followed by 
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the precipitation of a bright red powder. After keeping, the 
whole precipitate turned red. The solution itself was of a blue 
colour, which deepened on keeping. The copper was estimated 
by precipitation with hydrogen sulphide in the usual way after 
the addition of hydrochloric acid. This precipitation was some. 
what curious. The hydrochloric acid solution was yellowish-green 
and gave a precipitate only very slowly with hydrogen sulphide, 
in fact, a few minutes elapsed before the gas produced any pre. 
cipitate at all. When, however, the acid solution was first boiled 
with a little sodium hydrogen sulphite, the hydrogen sulphide 
immediately gave a precipitate. 

Fic. 5. As the temperature rose, the 

colour of the fused sodium 
hydroxide deepened, and at 
aa A 450° it had a distinctly brown 
tint. The number of shiny 

scales in the hydroxide in- 
creased considerably, and this 
probably accounts for the big 
increase in the percentage of 
————| copper in the alkali. No at- 
tempt was made to isolate any 
of the crystals, as they were 


Spper 


Lo aa 

~ invariably mixed with a red 
c precipitate which accompanied 
R the solution of the sodium 
£o a 

9 hydroxide. They were also 
S acted on by water, and after 


remaining for a short while 
were decomposed. 

At 500° an interesting change was observed. The sodium 
hydroxide was very dark brown, and a large quantity of crystalline 
matter was found in the bottom of the crucible. The crystals 
were long and narrow, and quite different in shape and appearance 
from the scales observed at lower temperatures. At 550° still 
more of these crystals were formed. It was possible to pour off the 
sodium hydroxide and leave the crystals in the crucibles. They were 
removed, rapidly washed, and dried. In this way an impure sample 
was obtained, from which some large crystals were picked out. 

The sodium hydroxide obtained at these high temperatures is 
very pretty when cooling in the mould, and finally gives a crys- 
talline solid totally different in crystalline character from ordinary 
sodium hydroxide. 

At the lower temperatures the total percentage of copper in the 
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“+, # sodium hydroxide was 0-067 at 350°, 0-440 at 400°, and 0-536 at 
450°. Since the scales were always found in suspension, the above 
4: figures do not represent the exact amount of copper dissolved in 
‘¢». | the sodium hydroxide, but they give some idea of the relative 
amounts of copper dissolved from the crucible. The data, shown 
graphically in Fig. 5, refer to 200 grams of sodium hydroxide heated 
for four hours. 

As there was not sufficient picked material, the analysis of the 
erystals was made on the impure sample. It consisted of a mixture 
“fof very small crystals and a little amorphous copper oxide. The 
‘ Fsample was dissolved in hydrochloric acid, the copper precipitated 
in the usual way, the filtrate evaporated to dryness, and the residue 
dissolved and titrated with standard silver nitrate. The pre- 
cipitate of copper sulphide was redissolved, and the copper estimated 
electrolytically. 

The following are the analytical data : 


PE OE UID osinidcxnssinatonsesssscrdicecnciss 1:1131 grams. 
pe OE OUR TID vnessssssvescccssncnees 0°8716 gram. 
»» of sodium in the filtrate ............ 0°00591 ,, 


It is reasonable to assume that such a small amount of sodium 
must be present as an impurity—probably due to incomplete 
washing, in which case it would be present as sodium carbonate. 
The weight of carbonate present would be 0-0131 gram. On this 
assumption, the actual weight of the crystals was 1-1131 — 0-0131 
=1:100 grams. The percentage of copper in the crystals was 
therefore 79-2. This gives a final proportion of Cu: O = 1:247:1:3 
=1:1-04. From this it would seem that the crystals are a crystal- 
line oxide of copper of the empirical formula CuO. 

When examined with transmitted light, the crystals are quite 
opaque. From the photograph (Plate 1, magnification 30 diameters) 
it is seen that they are long, needle-shaped crystals which have, in 
unbroken specimens, truncated ends. 


Conclusions. 


(1) Compared with iron and nickel, copper can be said to be 
readily attacked and dissolved by fused sodium hydroxide. 

(2) The actual amounts are still quite small—the highest being 
in the sodium hydroxide heated at 450°, which contains approxim- 
ately 0-8 per cent. of copper, but it will be seen that the actual 
quantities are much greater than in the case of either iron or nickel. 
Since copper is much more easily oxidised than the other two metals, 
this supports the view that all these reactions of fused sodium 
hydroxide with metals commence with the oxidation of the metal. 
(3) Crystals are obtained in the sodium hydroxide at all tem- 
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peratures. At 350° to 500°, shiny scales are observed in the 
hydroxide. Above 500°, the scales disappear and long, thin 
crystals are seen floating in the liquid. 

(4) These long crystals are readily soluble in acids, are decom. 
posed by water after a while, and are quite different in character 
from the crystals obtained with iron and nickel. Their empirical 
formula is CuO. 


C.—Action of Mixtures of Sodium Hydroxide and Sodium Peroxide 
on Metals. 


1. Action with Iron. 


In the previous section of this paper, reference was made to two 
kinds of crystals (yellow and red) produced by the action of sodium 
hydroxide on iron at temperatures above 550°. The second attempt 
to prepare any quantity of these, was, for some unknown reason, 
unsuccessful. It was thought that these crystals were the product 
of some oxidation process, and the lack of success in their prepara- 
tion seemed to indicate the necessity for some stronger oxidising 
agent. ‘To achieve this, it was decided to add sodium peroxide. 
A preliminary experiment was carried out in one of the crucibles 
used previously. A mixture of sodium hydroxide and 5 per cent. 
of sodium peroxide was heated in an iron crucible at 500 to 550° 
for four to eight hours. The crucible and contents were then 
allowed to cool very slowly in the furnace. When the sodium 
hydroxide was quite cold, it was found that a large quantity of 
red crystals had been formed. The crystals were found adhering 
to the crucible and the surface of the sodium hydroxide, and they 
were much larger and better formed than any obtained previously. 
The hydroxide was broken up, but no sign of the yellow crystals 
was seen. As the addition of sodium peroxide seemed to give a very 
promising result, a complete series of experiments was carried out at 
various temperatures. Unless otherwise stated, the sodium hydroxide 
in the following experiments always contained 5 per cent. of sodium 
peroxide. 

Results obtained. 


Description of the Particulars of crystals Percentage of iron 


Temp. sodium hydroxide. observed. in the solution. 
350° Greenish-blue. Quantity of very small 0°024 
crystals. 
Free from suspended Mixed with the red 

matter. oxide. a 
400 Free from suspended Mixed with the red 0025 

matter. oxide. 
450 Very black; gave a Large quantity of red 0-11 


yellow ppte. on cool- 
ing. 
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Results obtained at 500—550°. 


On one occasion a clear, dark green sodium hydroxide was formed 
which gave no yellow precipitate on cooling and in which there 
were no crystals of any kind. It contained 0-029 per cent. of iron 
in solution. This was quite evidently one of the exceptional cases 
which were met with every now and then. 

The general results of heating sodium hydroxide with 5 per cent. 
of sodium peroxide in an iron crucible to 550° and leaving to cool 
slowly after about five hours’ heating, were as follows : 

(1) A large quantity of red crystals was formed. 

(2) The sodium hydroxide was a dark, almost black, quite soft 
solid which dissolved in water very readily, usually with evolution 
of gas. The solution was deep purple, which rapidly became deep 
green, a large quantity of ferric oxide being precipitated. The 
green solution seemed permanent when very concentrated. 

(3) When the sodium hydroxide was dissolved in a minimum 
quantity of water and the concentrated solution poured off after 
the insoluble matter had been allowed to settle, a mixture of sub- 
stances was found in the sediment. In this, which was principally 
ferric oxide, there were a few red crystals and two substances 
different in appearance from anything we had seen previously. 
The separation of the latter substances was not attempted on any 
scale, but a few specimens were picked out and examined micro- 
scopically. Of the two new substances, one was in the form of 
long, narrow, blood-red crystals (almost opaque) with peculiar 
truncated ends, which were rapidly decomposed by water and 
deliquesced in the air. The other, of which there was a moderate 
quantity, consisted of small, flat pieces of rust-coloured matter. 
It was difficult to tell whether these were crystalline or not. They 
generally had a peculiar red sheen with reflected light. 

An excellent sample of the red crystals was obtained by carefully 
cutting off the masses of crystals which had collected at the edge 
of the solid sodium hydroxide and dissolving in water. The crystals 
were so thick that they could be detached with very little adhering 
sodium hydroxide. 


Results at Higher Temperatures. 


Two iron crucibles containing sodium hydroxide with 5 per cent. 
and 10 per cent. of peroxide respectively were heated at 720° and 
allowed to cool very slowly in the furnace. 

The hydroxide containing 5 per cent. of peroxide set to a green 
solid. On dissolving in water, a large quantity of the long, red 


1854 WALLACE AND FLECK: 


crystals with truncated ends was observed along with a small 
quantity of red crystals. 

The hydroxide with 10 per cent. of peroxide set to a dark purple 
solid, and red crystals had been deposited in considerable quantity 
on the sides of the crucible. A large quantity of the long crystals 
and a small quantity of the red variety were seen when the sodium 
hydroxide was dissolved. It is seen from this that the long crystals 
are the product of reactions carried out at the higher temperatures, 


Results obtained with the Use of Pure Sodium Peroxide. 


It was found that the employment of larger quantities of sodium 
peroxide than those used, resulted in the crucibles being attacked 
very vigorously. Ordinary laboratory crucibles were usually eaten 
right through. In addition to this, it was found that as the 
amount of peroxide used was increased, the amount of crystals of 
all kinds diminished until with large amounts, such as 50 per cent., 
no crystals were found at all. 

A thick cast-iron crucible containing sodium peroxide only was 
heated at 500—550° for about four hours, and left to cool in the 
usual way. The final product was a mass of long, very dark crystals 
which dissolved in water very readily, yielding a deep purple solu- 
tion which deposited ferric oxide and turned green on keeping. 
These crystals were probably pure sodium ferrate. 


Properties of the Red Crystals formed at 500°. 


1. When examined under the microscope, it was seen that the 
crystals tended to be very perfect hexagons. All the available 


evidence, microscopic as well as chemical, showed that the yellow | 


crystals and the red crystals are both modifications of one substance. 
The crystals are transparent and of a reddish-brown colour, the 
intensity varying with the thickness of the crystal. They have a 
refractive index slightly greater than that of oil of cinnamon 
(n = 1-58). Most of the crystals are lamellar and are really basal 
cleavage plates of hexagonal crystals which have a very perfect 
basal cleavage. With convergent light they readily give optical 
figures which show that the crystals are uniaxial and optically 
negative. A microphotograph (Plate 2, magnification 30 diameters) 
is given, in which the crystals, being red, appear quite black, and 
which shows the regular hexagon shape of the untouched crystals. 

2. They are unacted upon by boiling water, boiling sodium 
hydroxide solution, and cold dilute mineral acids. 

3. They are readily dissolved by hot concentrated acids. 
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4. They are stable up to at least 720° in fused sodium hydroxide. 
5. They consist of sodium, iron, and oxygen. In view of this 
composition their stability is remarkable. 


Analysis. 


A known weight of the crystals was washed with water and the 
amount of Na,O in the washings estimated. 

The washed crystals were dissolved in hydrochloric acid, and 
the solution was carefully evaporated to dryness in either a platinum 
or porcelain dish. The residue was then gently heated until a 
constant weight was obtained, indicating that all the ferric chloride 
had been converted into oxide. The final residue was boiled with 
water, and the sodium chloride in the resulting liquor estimated 
by titration with silver nitrate. The sodium oxide estimated in 
the washings was assumed to be carbonate, and allowance was 
made for this in calculating the results. The solution of the crystals 
in acid was made up to 250 c.c. and 50 c.c. taken for each sodium 
estimation. The sodium figures for various estimations on the 
same solution agreed fairly well, showing that the method was 
satisfactory. The analysis of the crystals was never satisfactory. 

The following are the average results of an analysis made im- 
mediately after the crystals were isolated : Fe = 52-2; Na = 14-55; 
0 = 30-25 per cent. 

Analyses made on a washed sample twelve months after its 
formation gave an iron content larger than the above by 
approximately 6 per cent. 

It seems fairly definite that the crystals are composed of a 
mixture of oxides of sodium and iron, the latter probably func- 
tioning in an acidic capacity. The variations in the analyses 
are most likely due to the crystals themselves undergoing slow 
decomposition, which would of course introduce differences. This 
is shown by the fact that no matter how carefully the crystals 
are washed, if they be kept for any length of time and then 
rewashed, the washings will always contain a further quantity of 
sodium. No weight can therefore be put on the analysis for the 
purpose of obtaining a molecular formula, but it seems possible 
that immediately after the removal they have a composition 
represented by the formula Na,Fe,O,. 


2. Action with Nickel. 


A series of experiments similar to those with iron crucibles were 
carried out with nickel. These experiments were made at the 


same 
oxide 
The p 
on on 


WALLACE AND FLECK 


— 
1 
2) 
— 


1€10-0 


ce10-0 


200-0 
‘oprxoipAy 
uINIpos oy 

ul [oxoru 
JO o3v}UN0I0g 


Fro 


was p 

The 
spond 
sodiur 
red 2 
rid of 
the b 


crysta 


>see vs 

ae | o B, 
2p. a 
— 


yooyo JO pury @ ut postyeysAr0 


pa ou —_ = 

o ao — —_— Ss —~ = 
~ N22 oo BR ma 

o ~— —S oD be 

aso D = 

~— ~ — i] 


‘a10joq uses SuryyAuv wosy yuoIoytp AT]7e704 ‘u19074ed 
pey oprxoipAy oy} ‘speysh10 oy} wor qaedy 


‘oprxoipAy 


winipos uvy} eyydess oy, er0ur ‘speyshr0 AsoATIS puv oprxoapAy UumMIpos jo ssvur youlq Aulyg 
‘90BUIN} OY} UT A[MOTS [000 07 POAOTTY 


‘aprxoipAy umrpos oy Jo 


SSBUI OY} ULOUON ‘a0RI 


-ins ey} UO sTeyshi0 MOT 


*sT@4 


-sMio yo Ayyuenb s0Zs07 


“e “é “ee “é 


*syeysA10 


Asoais Jo Ayyuenb oFae'T 


“OUONT 


*10}}8U popuodsng 


‘apixosag wnipoy bururjuoo aprxoaphy wnipogy pup yayouNy 


“Buljqqnq ou 
qnq ‘a3dd yorlq oBse’T 


*Burpooo 
uo Suyqqnq snorosta 
puv ‘oydd youlq oSaey 
‘Duljooo uo -e4ydd yovy¢y 

‘suowmousyd Surjoop 


*prjos Aor) 


‘Q0BVUINY OY} UT A[MO]S [000 07 PEMOT]Y 


“WINDS FUSS YA “VOTO 


“UOI}IPUOD 


‘TIT @1avVy, 


1s) (@) ‘UMOIg 


‘u9013 YaIVq 
‘oprxoipAy 
uwIntpos 
posny yo anojog 


ynn syynsay 


“e 


¢ 
*quoo sod 
oeprxored 
uintpog 


The n 
by dif 


00F 


00S 
*dwoy, 


SOME PROPERTIES OF FUSED SODIUM HYDROXIDE. 1857 


same time as the second series of experiments with sodium hydr- 
oxide and nickel, the crucibles all being in the furnace together. 
The principal aim was to ascertain if the silvery crystals observed 
on one occasion in the first series would be produced in any 
quantity by the addition of sodium peroxide to the hydroxide. 

From Table III it is seen that this object was accomplished, and 
from the mass of silvery crystals obtained at 720° a large sample 
was prepared. 

These crystals were much more easily separated than the corre- 
sponding iron ones, as there was practically no precipitate when the 
sodium hydroxide dissolved in water, and nothing analogous to the 
red oxide. A little nickel oxide was present, but this was easily got 
rid of by swirling the solution and decanting the liquor containing 
the bulk of the crystals. There were no signs of any other 
crystalline substances. 


Examination of the Crystals. 


(1) When examined under the microscope with transmitted 
light, these crystals are quite opaque. They are, however, very 
similar in form to the crystals obtained with iron crucibles, that is, 
they crystallise in regular hexagons, as is shown from a single 
crystal on Plate 3. If, however, they are examined with reflected 
light, it is seen that the crystals are regularly etched. Frequently 
the etching is seen as parallel bands, very similar in appearance 
to the parallel twin bands of plagioclase. At times, however, 
more or less complete equilateral triangles are seen (Plate 4), which 
shows that the crystals have symmetry of the hexagonal system. 

(2) The crystals are stable in fused sodium hydroxide up to 
750° and are unacted on by water and cold dilute acids. 

(3) They are readily dissolved by hot concentrated acids, and 
liberate chlorine from hydrochloric acid. 

(4) They consist of nickel, sodium, and oxygen. 


Analysis. 


This analysis was again unsatisfactory, but an average analysis 
Hives Ni = 53-6; Na = 8-4; O = 38-0 per cent. 

} The sodium was estimated in the manner described for the iron 
ompound. The nickel chloride was very readily reduced to the 
bxide. The percentage obtained was the average of several results 
btained on four lots of the solution, namely, 8-38, 8-7, 8-5, 8-46. 
the nickel was estimated by the glyoxime method, and the oxygen 
"y difference. The average analysis indicates an empirical formula 
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of Na,Ni;O,;. It was found that the crystals were unstable over 
long periods of time and in this respect were similar to the iron 
erystals already described. When crystals which had been very 
thoroughly washed with water were kept for a period of, say, a 
week, sodium compounds were always found in the washings when 
they were rewashed. This will account for the unsatisfactory 
analysis. 


3. Action with Copper. 


A parallel series of experiments to those described with copper 
and sodium hydroxide was carried out in similar crucibles with 
sodium hydroxide and 5 per cent. of sodium peroxide. A few 
additional experiments with 10 per cent. of peroxide were performed. 
The results obtained (see Table IV) were quite unexpected, being 
the reverse of those obtained with iron and nickel. There, the 
action on the metal was much increased by the addition of peroxide, 
whilst with copper the action was considerably reduced. 


Conclusion. 


So far as the formation of crystalline substances and the removal 
of copper from the crucibles are concerned, the addition of the 
peroxide seemed to have a prohibiting effect, in marked contrast 
to that produced by peroxide with iron or nickel crucibles. 


Summary. 


The chemical properties of fused sodium hydroxide have been 
studied in three respects. 

(1) The Water Content. 

By fusing sodium hydroxide in a vacuum, it has been found 
that it has an average water content of 1-1 per cent. In connexion 
with these experiments, it is evident that the presence of oxygen 
is necessary before the fused hydroxide becomes coloured in its 
sual manner. In a vacuum, the iron of the containing vessel is 
able to act as a reducing agent on the small quantities of impurities 

the hydroxide. 

(2) Action on iron, nickel, and copper in air. 

(2) These reactions have been studied between 350° and 600°. 

(6) In no case is the amount of metal dissolved in the sodium 
tydroxide very high. The maximum amount, which was obtained 
vith copper, was 0-73 per cent. 

() Iron is less vigorously attacked than copper, and more 

gorously than nickel. 
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(d) The formation of crystalline substances by the action of 
fused sodium hydroxide on each of these metals has been noted 
and their separation described. 

(3) Action of iron, nickel, and copper with sodium hydroxide 
containing 5 per cent. of sodium peroxide. 

(a) This action has been studied at temperatures ranging from 
350° to 720°. 

(b) The formation of crystalline substances previously noted is 
found to be facilitated in the case of iron and nickel at certain 
temperatures between 500° and 700°. The substances formed in 
the largest quantities have been described and analysed. In the 
case of copper, the formation of crystals is retarded. 

(c) The reaction between sodium hydroxide, sodium peroxide, 
and iron or nickel is almost certain to have a parallel with similar 
metals such as cobalt, chromium, or manganese, and it is extremely 
probable that research with other metals on the lines indicated 
would reveal the presence of new crystalline substances, similar 
to those we have described. 


We desire to express our thanks to the Directors of the Castner- 
Kellner Co., Ltd., for facilities granted at their Wallsend works, 
and also to Mr. L. Hawkes, M.Sc., for assistance in connexion with 
the crystallographic measurements. 

[Received, July 15th, 1921.) 


CCXI.—Some Derivatives of Monothioethylene Glycol. 
By Grorer Macponatp Bennett and Epira Murret WuINcor. 


THE preparation of monothioethylene glycol was recently described 
(this vol., p. 423) and we have now prepared a few crystalline 
derivatives of this interesting and reactive substance. As one of 
us is obliged to withdraw from the work, it seems best to publish j 
the results which have so far been obtained. 
Owing to the tendency of the mercaptan to become oxidised in 
alkaline solution, a Schotten-Baumann reaction led to the correspond- 
ing acylated disulphide. Mercaptans have been shown (Gold- 
schmidt and Meissler, Ber., 1890, 23, 272) to react with phenyl- 
carbimide in a manner analogous to the reaction with alcohols ; 
with monothioethylene glycol, the molecule of which contains bot 
a thiol and a hydroxyl group, phenylcarbimide reacted at one? 
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addition taking place, as was perhaps to be expected, preferentially 
at the thiol group, and a substance was produced of the formula 
C,H;-NH-CO-S-C,H,-OH. 

It was hoped that the series of compounds 8(C,H,°OH)s, 
C,H,(S°C,H,°OH),, S(C,H,S-C,H,-OH),, etc., might be extended 
by successive condensation of the corresponding halogen compounds 
with monothioethylene glycol. An examination of the higher 
members of this series, or of the unsaturated substances derived 
from them, which evidently approximate more and more closely 
in composition to diethylene disulphide, might throw light on the 
nature of the amorphous products of high molecular weight obtained 
from the interaction of ethylene dibromide and alkali sulphides 
by Crafts (Annalen, 1862, 124, 110; 1863, 128, 220), V. Meyer 
(Ber., 1886, 19, 3262) and Mansfield (ibid., 1886, 19, 697). The 
series was not, however, carried beyond the third member, for the 
dichloro-compound derived from this seems to be much more 
unstable than its lower homologues, and could not be isolated. 
Ethylene bis-8-chloroethyl sulphide, 

CH,Cl-CH,°S:CH,°CH,°S-CH,°CH,Cl, 
has the very reactive chlorine common with §-chloro-sulphides, 
and its physiological action is very noticeable. In marked contrast 
to this is the low reactivity of the halogen in the #$-halogenated 
2:4-dinitrophenyl ethyl sulphides. 


ExPERIMENTAL. 


-Hydroxyethyl phenylthiocarbamate, C,H,*NH-CO-S-C,H,°OH, was 
produced when molecular proportions of phenylearbimide and 
monothioethylene glycol were warmed together for a few seconds. 
It is a cream-coloured solid of m. p. 59—60°, which crystallises well 
from benzene or carbon tetrachloride (Found: N = 7-19;S = 16-0. 
CyH,,0,NS requires N = 7-11; S = 16-25 per cent.). It is easily 
soluble in these solvents or in alcohol, but insoluble in light petroleum 
or water. It shows none of the reactions of a mercaptan, giving no 
mercury compound when its alcoholic solution is boiled with mer- 
curic oxide, and having no reducing action on ferric chloride. 

88’-Di-p-nitrobenzoyloxydiethyl disulphide, 

(NO,°C,H,°CO-O-CH,°CH,),S,, 
was the main product when monothioethylene glycol was treated 
with p-nitrobenzoyl chloride in presence of aqueous sodium hydr- 
oxide. It crystallised in pale buff-coloured plates from buty] alcohol 
or methyl acetate, m. p. 145° (Found: N=6-1; M = 353. 
C,sH,,0,N,S, requires N = 6-2 per cent.; M = 452). The product 
tom the above reaction contained also a substance of lower melting 
382 
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point, which was continually oxidised during purification with 
production of the disulphide. 

An additive compound, C,H,OS,C,HOCI,, was formed with evolu- 
tion of heat when the mercaptan was mixed with chloral in benzene 
solution. It crystallised in colourless needles on addition of light 
petroleum, and melted rather indefinitely at 67—68°. The sub- 
stance was very deliquescent and too unstable to purify (Found: 
Cl = 50-7, 51-2. C,H,0,CI,S requires Cl = 47-2 per cent.). 

Ethylene bis-8-Hydroxyethyl Sulphide, 

HO-CH,°CH,’S-CH,°CH,°S-CH,°CH,-OH. 

—Ethylene dibromide (12 grams) was cautiously added to a solution 
prepared from sodium (3 grams) and the monothioglycol (10-5 grams) 
in rectified spirit (60 c.c.). The solution became neutral to litmus 
after boiling for fifteen minutes; the sodium bromide was removed 
by filtration and the filtrate evaporated. The crude product 
{obtained in quantitative yield) was purified by recrystallisation 
from methyl acetate or ethyl ether, from which it separated in colour- 
less plates melting sharply at 64° (Found: C = 39-2; H = 7-67. 
C,H,,0,8, requires C = 39-5; H = 7-70 per cent.). 

This substance is readily soluble in water, alcohol, or hot methyl 
acetate, less so in benzene or light petroleum. Its solution in alcohol 
(and that of the corresponding trisulphide described below) dissolves 
a considerable quantity of sodium chloride. It is stable to heat, 
distilling undecomposed at atmospheric pressure. Considerable 
difficulty was found in analysing it, an unusual length of combustion 
tube being necessary to ensure complete oxidation. A crystalline 
methiodide could not be obtained. When the substance was heated 
with boiling concentrated hydrochloric acid, it dissolved, and an 
oil separated which solidified in the cold. This was crystallised 
from light petroleum, but was apparently a mixture, its low chlorine 
content showing that any dichloro-compound produced had partly 
decomposed—probably with production of the corresponding 
unsaturated compound. 

Ethylene bis-8-Chloroethyl Sulphide, 

CH,Cl-CH,°S-CH,°CH,°S-CH,°CH,Cl. 
—The pure dihydroxy-compound described above was dissolved in 
an excess of purified thionyl chloride, and when the reaction was 
complete, the excess of the reagent was removed by heating on the 
water-bath under diminished pressure. The residue crystallised 
on cooling, and the colourless crystals were drained on porous 
earthenware in a desiccator over potassium hydroxide (Found: 
Cl = 30-4. C,H,,Cl,S, requires Cl = 32-4 per cent.). The com- 
pound melts at 54°. The reactivity of the chlorine is similar to 
that found with $8’-dichlorodiethyl mono- and di-sulphides (com- 
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pare this vol., p. 424), and although no exact comparison has been 
made, the substance appears to have a distinctly stronger vesicant 
action than £§’-dichlorodiethyl sulphide. When attempts were 
made to recrystallise it from light petroleum, it became partly 
decomposed or hydrolysed (Found: Cl = 12-7 per cent.). 

Sulphido-bis-8-hydroxydiethyl Sulphide, 

S(CH,°CH,°S-CH,°CH,-OH),. 
—88’-Dichlorodiethyl sulphide (5-3 grams) was added to a solution 
prepared from a slight excess over the calculated weights of mono- 
thioethylene glycol and sodium in rectified spirit (20 ¢.c.), and 
the reaction was completed by heating on the water-bath for a few 
minutes until the alkalinity had disappeared. The solution, 
separated by filtration from the sodium chloride which had been 
precipitated, deposited a white solid on cooling. This was purified 
by crystallisation from hot acetone or methyl acetate, in which it 
was readily soluble, and was thus obtained as colourless plates, 
m. p. 91—92° (Found: C = 39-2; H = 7-35. C,H,,0,8, requires 
C= 39-6; H = 7-45 per cent.). This substance is less readily 
soluble in water or alcohol than the disulphide described above. 
It resembles the latter in its behaviour when heated with concen- 
trated hydrochloric acid. When attempts were made to convert 
it into the corresponding dichloro-compound by the action of 
thionyl chloride, as with the dihydroxy-disulphide, a sudden evolu- 
tion of gas occurred on raising the temperature, owing to decom- 
position, and no definite compound was isolated. 

A diacetyl derivative was obtained by acetylation with acetic 
anhydride and sodium acetate as a white solid, m. p. 51° after 
crystallisation from light petroleum (Found: C = 44:2; H = 6-69. 
C,,H,.0,8, requires C = 44-2; H = 6-76 per cent.). 


Condensation of Monothioethylene Glycol with Chloro-2 : 4- 
dinitrobenzene. 


When chloro-2 : 4-dinitrobenzene was treated with a solution 
of the sodium salt of the monothioglycol (1 equivalent) in recti- 
fied spirit, the desired sulphide was produced in almost the calculated 
yield, provided that the solutions were mixed cold and the tempera- 
ture of the mixture was not allowed to rise rapidly. Otherwise 
a violent reaction occurred, the solution became almost black, 
and a chocolate-brown solid subsequently crystallised, having 
m. p. 143°, which did not contain sulphur and was probably an 
azoxy-compound. When the reaction proceeded smoothly, the 
sodium chloride quickly separated as the temperature was gradually 
taised, and the reaction was completed by heating the solution 
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for a few minutes on the water-bath. The product was precipitated 
by pouring the solution into a large volume of water, and was 
recrystallised from benzene. 

2: 4-Dinitrophenyl 8-hydroxyethyl sulphide, 

C,H,(NO,).°S-CH,°CH,°OH, 

was thus obtained in bright yellow needles, m. p. 99—100° (Found : 
N= 116; S=12-6. C,H,O;N.S requires N= 11-5; S= 131 
per cent.). The substance is readily soluble in alcohol, but sparingly 
so in cold benzene. It is decomposed when heated with concen- 
trated aqueous potassium hydroxide, some diethylene disulphide 
being produced. It is unaffected by boiling concentrated hydro- 
chloric acid or by thionyl chloride. Fusion with phosphorus penta- 
chloride at once converts it into 2: 4-dinitrophenyl (-chloroethyl 
sulphide, C,H,(NO,).°S*CH,"CH,Cl, which crystallises from methyl 
alcohol in rectangular plates of a deep yellow colour, m. p. 97° 
(Found : Cl = 13-6. C,H,0,N,CIS requires Cl = 13-46 per cent.).* 

This chloro-compound, when boiled for half an hour with a large 
excess of sodium ethoxide in alcoholic solution, did not yield the 
whole of its chlorine in the ionic condition. It does not combine 
with bromine in chloroform solution. When warmed for a few 
minutes with fuming nitric acid, it gave a sulphoxide which crystal- 
lised from methyl alcohol in brilliant yellow needles, m. p. 123° 
(Found: Cl = 12-15. C,H,O;N,CIS requires Cl = 12-31 per cent.): 

2:4-Dinitrophenyl @-bromoethyl sulphide, obtained from the 
corresponding hydroxy-compound by the action of phosphorus 
tribromide in benzene solution, crystallises from light petroleum in 
minute, lemon-yellow plates, m. p. 91—92° (Found: Br = 25°. 
C,H,0,N,BrS requires Br = 26-05 per cent.), and gives a sulph- 
oxide, lemon-yellow needles from alcohol, m. p. 136° (Found: 
Br = 24-65. C,H,O;N,BrS requires Br = 24-75 per cent.). 


We wish to thank Messrs. Strange and Graham, Ltd., for the 
facilities which they have afforded us for this work. 


THE CHEMICAL DEPARTMENT, 
Guy’s Hosrrrat Mepicart Scuoor, 8.E.1. 50 Crry Roan, E.C.1. 
(Received, September 26th, 1921.] 


* In estimating halogens by the Robertson method (T., 1915, 107, 904) 
the use of 2 grams of sodium perborate is to be recommended in place of 
10 c.c. of hydrogen peroxide solution, as being more easily obtained fre? 
from chlorides. 
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OCXII.—Ezxperiments on the Synthesis of the Polyacetic 
Acids of Methane. Part IV. Conditions of 
Formation by the Cyanoacetic Ester Method of 
Stable Methanetriacetic Esters. 


By CHRISTOPHER Keitk Incotp and Epwarp ArtTuuR PERREN. 


In Part I of this series (this vol., p. 341) attention has been directed 
to the difficulty which in many instances attends the conversion 
of the mobile glutaconic esters into derivatives of methanetriacetic 
acid by condensation with ethyl cyanoacetate, and is to be traced 
to the permanence of the “normal” forms of the glutaconic 
esters. One of the purposes of the present paper is to show that 
by suitably applying the knowledge gathered by Thorpe and his 
collaborators regarding the conditions controlling the relative 
stability of the normal and unsaturated forms of the glutaconic 
esters it is possible to obtain condensation products of the desired 
type. 

It has been pointed out (/oc. cit.; Ingold and Thorpe, this vol., 
p. 493) that equilibrium between and speed of interconversion of 
the two forms of a glutaconic acid derivative are fundamentally 
conditioned by substitution in the three-carbon system, and that 
the permanence of the normal modification is dependent on 
symmetry. «-Substitution, therefore, since it is unsymmetrical 
substitution, although it may not much affect dynamic mobility, 
always tends greatly to reduce the permanence of the normal 
form and to shift the equilibrium in the direction favouring the 
unsaturated isomeride, whilst @-substitution, although not seriously 
altering the static relation between the two forms at equilibrium, 
invariably effects a considerable reduction in the speed of inter- 
conversion. The conditions which most facilitate the condensation 
of an equilibrated glutaconic ester with ethyl cyanoacetate to form 
a derivative of methanetriacetic acid are (a) that the equilibrium 
should as far as possible favour the unsaturated modification, 
(6) that the ester should be sufficiently mobile to regenerate the 
unsaturated form as fast as the condensation process removes it. 
Hence, of all the simpler, equilibrated esters of the glutaconic 
series, «-methylglutaconic ester should be that which will most 
readily react with ethyl cyanoacetate to form a product of the 
methanetriacetic acid type. Actually this is the case; equili- 
brated «-methylglutaconic ester (I) condenses with ethyl sodio- 
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cyanoacetate to give ethyl w-cyano-w’-methylmethanetriacetate (II) 
in almost quantitative yield : 


: CHMe:CO, Ft 
CMe-CO,Et —-> CHMe:-CO, Et va 
CH, <CMe-CO,Et —> (yy <CHMeCO,Et __, 47“ CH(CN)-CO,Et 
2 SCH-CO,Et + CH-CO,Et \CH,-CO,Et 2 


(I.) (II.) 


In Part III (this vol., p. 1582) it was pointed out that of the 
comparatively few methanetriacetic esters which are capable of 
being formed from glutaconic esters by the cyanoacetic ester method 
a considerable proportion are unstable and decompose completely 
into smaller molecules under the conditions of their formation, 
The cause of these decompositions is the reversibility of the Michael 
reaction; the determining factors affecting particular cases are 
(largely, at any rate) spatial. Thus, certain methanetriacetic 
acid derivatives containing two or three branched acetic acid chains 
attached to the methane carbon atom decompose, as we have 
shown (loc. cit.), according to the equation 


CHX-CO, Et eee 
cHCCHY-CO,Et —> CH<CHXCO.Et 4 OH 7.00, Et 
2 CY-CO,Et 2Z°CO, 
CHZ-CO, Bt 2 


(a retrograde Michael condensation, therefore) to an extent appar- 
ently determined by the space occupied by the branched chains, 
and therefore by the volumes of the groups X, Y, Z. The greater 
the volumes of the adjacent residues, the greater is the tendency 
towards decomposition into smaller molecules. Now, although 
the exact conditions necessary and sufficient to determine this 
reaction can only be discovered by an extended research, it is 
apparent from the previous investigation that in methanetriacetic 
acid derivatives the existence of two branched acetic acid chains 
is a necessary circumstance. That, although necessary, it is not 
always sufficient is proved by the stability of the ester II. Yet, 
one must observe, if the methyl group in this ester be replaced by 
a large group, for example, carbethoxyl, decomposition will ensue 
(with elimination of ethyl malonate) : 


CH(CO,Et), ial 
CHCCH(CN)-CO,Et —> CH<CHICN)-COSEt 1 C4, (CO, Et) 
CH,-CO,Et 2 


Moreover, the difference of stability is not due to the impossibility 
of eliminating a residue, such as -CHMe-CO,Et, as an ester (ethyl 
propionate) which cannot take part to any appreciable degree it 
a direct Michael condensation; for the residue in question will be 


f the 
le of 
ethod 
letely 
ation. 
ichael 
S are 
acetic 
hains 
have 


ppar- 
hains, 
reater 
dency 
nough 
> this 
it is 
acetic 
shains 
is not 

Yet, 
ed by 
ensue 


Bt)». 


SYNTHESIS OF THE POLYACETIC ACIDS OF METHANE. PART Iv. 1867 


readily extruded if a substituent be introduced into the third 
acetic acid chain (loc. cit.) : 


~ CO,Et CH(CN)-CO,Et 
< CH(CN)-CO,Et —> CHEN) COLE + CH»Me-CO,Et. 


CH(CN)-CO,Et 


The ester II, therefore, is one of the few amongst its analogues so 
constituted that in its preparation one escapes both the inhibiting 
circumstances ordinarily met with. On complete hydrolysis it 
yields w-methylmethanetriacetic acid (V), which may therefore be 
prepared in quantity by this method; it has already been obtained 
by Skraup (Monaish., 1900, 21, 910) by the degradation of quinine 
via cincholeuponic acid. Skraup also obtained the acid, in sufficient 
quantity to identify it with the substance derived from quinine, 
by hydrolysing the crude condensation product of «-methylglut- 
aconic and malonic esters, but in view of the capacity possessed 
by glutaconic derivatives for yielding products of 1 : 3-addition, 
no synthesis of this kind can be regarded as a proof of structure. 
We have, however, definitely established the constitution of the 
acid, and therefore that of the ester (IL), by proving the identity 
of the acid with that obtained by hydrolysing the ester (IV). This 
ester is prepared by methylating ethyl w-cyanomethanetriacetate 
(III) (compare this vol., p. 352), and its constitution is not open 
to question. 


/CH(CN)*CO,Et /Me(CN)-CO,Et yp /otiMe -CO,H 
CHOCH,-CO,Et. ->CHZCH,CO,Et  -> CHOCH,-CO,H 
\CH,-CO,Et \CH;-CO,Et \CH,-CO,H 
(III.) (IV.). Vv.) 


With this communication it is proposed to close for the present 
our examination of the conditions governing the synthesis of the 
methanepolyacetic acids by the cyanoacetic ester method; to turn 
on the one hand to other methods of producing these acids, and 
on the other to what appear to be the logical consequences regarding 
the circumstances controlling carbon-chain formation in general, 
of the clues which the investigation has afforded. 


EXPERIMENTAL. 


Condensation of Ethyl «-Methylglutaconate with Ethyl Cyanoacetate, 


Ethyl «-methylglutaconate (9 grams) was added to a suspension 
in ethyl alcohol of ethyl sodiocyanoacetate prepared by dissolving 
1 gram of sodium in 20 grams of ethyl alcohol and adding 5 grams 
of ethyl cyanoacetate. When the mixture was heated on the 

3 s* 


1868 SYNTHESIS OF THE POLYACETIC ACIDS OF METHANE. PART IY. 


steam-bath, the ethyl sodiocyanoacetate rapidly dissolved and 
another sodium compound separated from the brown solution. 
After twenty-four hours, water was added, and the products were 
extracted by means of ether after acidification with hydrochloric 
acid. 


Ethyl w-Cyano-w’-methylmethanetriacetate (II). 


The extracted esters were separated into neutral and acid portions 
by washing the ethereal extract with sodium carbonate solution 
in the usual manner, and the neutral fraction was distilled under 
diminished pressure. The ester was thus obtained as a colourless 
oil, b. p. 218—222°/22 mm. The yield was 11 grams, and a further 
quantity was obtained by esterifying the acid condensation product 
by means of ethyl alcohol (Found : C = 57-2; H = 7:3. C,;H,,0,N 
requires C = 57-5; H = 7:3 per cent.). 


w-Methylmethanetriacetic Acid (V). 


The ester was mixed with an equal volume of cold concentrated 
sulphuric acid, and, after keeping for one hour, with a similar 
amount of water. The whole was boiled until carbon dioxide 
ceased to be expelled, more water was then added, and the boiling 
was continued for five hours, the condenser being removed from 
time to time to facilitate the escape of ethyl alcohol. The product 
of hydrolysis was extracted by pure ether, and was recovered by 
evaporating the solvent as a colourless syrup, which, on touching 
with a glass rod, immediately set to a cake of crystals with evolution 
of heat. It separated from ethyl acetate in prisms, m. p. 138— 
139° (Found: C=47:1; H=6-1. Cale, C=47-1; H=54 
per cent.). Its identity with the acid obtained (this vol., p. 1600) 
by hydrolysing the methylation product of ethyl w-cyanomethane- 
triacetate was conclusively established by directly comparing the 
two substances and by a mixed-melting point determination. 


We are much indebted to Professor J. F. Thorpe for his helpful 
interest and to the Chemical Society for a large contribution to 
the cost of this work. 


IMPERIAL COLLEGE OF SCIENCE AND TECHNOLOGY, 
Soutn KensrnotTon, 8.W.7. (Received, September 23rd, 1921.] 
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CCXITI.—Eaperiments on the Synthesis of the Polyacetic 
Acids of Methane. Part V. The Preparation of 
Carboxymethanetriacetic Acid. 


By CHRISTOPHER KELK INGoLD and WALTER JAMES POWELL. 


TuE synthesis of the methanepolyacetic acids by the cyanoacetic 
ester method, although it has been successful in certain directions, 
is controlled by circumstances which effectively prevent the pre- 
paration of some of the desired substances. It has therefore 
become necessary to discover other methods of synthesis. 

Since the methanepolyacetic acids are required for the prepara- 
tio of associated alicyclic compounds, the number of methods 
available is necessarily restricted ; when large amounts are needed, 
the method of production should be both rapid and inexpensive. 

cycloHexane-1 : l-diacetic acid, the preparation of which in 
quantity from cyclohexanone and ethyl cyanoacetate has been 
standardised in this laboratory, on oxidation under conditions 
which bring about the fission of the cyclohexane ring, might give 
the C,-acid (I) and one or both of the two possible C,-acids (II) 
and (IIT) : 

CO,H-CH.~ 
CO,H~ 


<CHyCO,H — CO,H-CH,y, ,.~ CHyCO,H 


CSCH;-CO,H — CO,H-CH,~ © SCH,-CO,H 
(I.) (II.) 
CO,H-CH,°CH.~, ,-CH,*CO,H 
60,H? oS CH-CO2H 
(IIT.) 

Carboxymethanetriacetic acid (I), and methanetetra-acetic acid 
(II), the preparation of which formed part.of the original program 
of the research (this vol., p. 341), have not yet been obtained, and 
it would appear that, provided the correct experimental conditions 
can be found, the oxidation of cyclohexane-1 : 1-diacetic acid should 
afiord an extremely simple and direct method for the production 
of these substances. 

Our experiments have been concerned mainly with the action 
of hot alkaline permanganate on cyclohexane-1 : 1-diacetic acid, 
and we have succeeded in producing by this means an acid of the 
formula CyH,,03. Unfortunately, however, we have been unable 
to determine which of the two possible formule (II and III) expresses 
its constitution, for the reason that the conditions of its formation 
appear to lie between extremely narrow limits, and we have not 
yet discovered how to standardise them sufficiently to enable a 
3s*2 
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satisfactory quantity of the substance to be prepared. On the 
other hand, we have found that by employing more concentrated 
permanganate it is possible to obtain an excellent yield of a tetra. 
basic acid, C,H,)0,, which can only be the required carboxy. 
methanetriacetic acid (I). 

It is fortunate that the handling of bulky solutions, unavoidable 
in carrying out permanganate oxidations with even moderately 
arge quantities of material, does not constitute a difficulty in the 
preparation of carboxymethanetriacetic acid by this method; for 
in the large-scale laboratory recently erected in this College the 
manipulation of considerable volumes has become an easy matter. 
The method, therefore, appears to satisfy all the conditions imposed 
by the object with which it was elaborated. 

Carboxymethanetriacetic acid (I) may also be obtained by 
oxidising cyclopentane-1 : 1-diacetic acid : 

H,°CH, CH,°CO,H _ CO,H-CH, CH,°CO,H 
H,-CH,-C<CH,CO,H ~~ 7 ~~ CO,H7>CSCH,-CO,H 
but an acid C,H,,0, could not be isolated from the product. 


EXPERIMENTAL. 
(A) Oxidation of cycloHexane-1 : 1-diacetic Acid. 


A considerable number of experiments have been carried out 
with a view to obtain information regarding the effect of experi- 
mental conditions on the decomposition of cyclohexane-1 : 1-diacetic 
acid by alkaline permanganate, the variable factors the influence 
of which has been studied being (a) initial concentration of per- 
manganate, (b) excess quantity of permanganate, (c) temperature, 
(d) time. The experiments were conducted in thermostats and 
the conditions controlled with all possible care. In this way it 
was shown that : 

(i) within the range covered by the experiments, the two acids 
described below are the only two substances produced besides 
carbon dioxide and water. 

(ii) by correctly regulating the conditions, carboxymethane- 
triacetic acid becomes the sole crystalline product. 


The Acid CyH,,0, (II or III). 


This acid was isolated from the products of experiments in which 
a 50 per cent. excess of 3 per cent. potassium permanganate Wa 
employed, the temperature being that of the steam-bath and the 
time allowed fifteen hours. We are unable to make a precise state 
ment of the conditions most favourable to its production, sine 
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the yield, although sometimes amounting to 30 per cent. of the 
theoretical, was extremely variable and appeared to be influenced 
by some circumstance other than those which we sought to control. 
The acid was isolated from the solution in the way described in 
connexion with the preparation of carboxymethanetriacetic acid 
(below), and was separated from the unchanged cyclohexane-1 : 1- 
diacetic acid, which always accompanied it, by triturating with 
cold water (in which the diacetic acid is almost insoluble). It was 
purified by crystallisation from a mixture of chloroform and ether, 
from which it separated in dense prisms, m. p. 120° (decomp.) 
(Found: C=433; H=5-2. ©,H,,0O, requires C = 43-5; 
H = 4-9 per cent.). 

The acid cannot be titrated satisfactorily and in this respect it 
resembles the carboxymethanetriacetic acid described below; 
indeed, this appears to be a property of many polybasic aliphatic 
acids and especially of those which readily form anhydrides. How- 
ever, the results obtained clearly indicated that the acid was tetra- 
basic. The acid also resembles carboxymethanctriacetic acid in 
its extreme solubility in water, its capacity for separating with 
water of crystallisation, and in the insolubility of its barium salt ; 
there can, we think, be no doubt that the two substances have closely 
analogous constitutions. 


Carboxymethanetriacetic Acid (I). 


Carboxymethanetriacetic acid is always formed to some extent 
when cyclohexane-1 : 1-diacetic acid is oxidised by alkaline per- 
manganate. The limits of successful experiment, however, are not 
widely separated, as under mild conditions, for example, those 
made use of in the preparation of the acid C,H,,0, (above), a con- 
siderable quantity of cyclohexanediacetic acid is usually left un- 
attacked, whilst if the conditions be too drastic, for instance, if 
a 150 per cent. excess of 7 per cent. permanganate be employed at 
03° for twenty-four hours, a large proportion of the material will 
e converted into carbon dioxide and water. The crystalline 
product in these circumstances consists solely of carboxymethane- 
tiacetic acid, but the yield is correspondingly poor. The following 
onditions are the best that we have so far found for the preparation 
f carboxymethanetriacetic acid in quantity. 

15 Kilograms of potassium permanganate were dissolved in 
litres of water at 80° contained in a steam-heated, enamelled iron 
an, and 106 grams of sodium carbonate followed by 200 grams of 
yclohexanediacetic acid were gradually added. The total volume 
‘as then made up to 30 litres by the addition of hot water, and the 
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supply of steam entering the jacket of the pan was so regulated 
that the temperature remained at 80° for ten hours while the solu. 
tion was continuously stirred in order to prevent the manganese 
dioxide collecting on the sides and bottom of the pan and disturbing 
the temperature equilibrium. The steam supply was turned of 
over-night, but on the next day the stirring and heating wer 
recommenced, and the temperature of the solution was again 
maintained at 80° for ten hours. On the third day, the cooled 
solution was acidified by adding 1-5 litres of concentrated hydro. 
chloric acid, and was then treated with a stream of sulphur dioxide 
until the excess of permanganate had been reduced and the man. 
. ganese oxides completely dissolved. The clear solution was con- 
centrated to a small bulk, cooled, and filtered. The solid portion 
was washed with cold water and dried in a vacuum at 100°, but it 
was found to contain no appreciable quantity of organic matter, 
The filtrate was evaporated completely, and the residue dried in 
vacuum-ovens, ground in a mill, and extracted with hot acetone, 
from which, on evaporation, the acid was obtained as a syrup 
which gradually set to a hard, crystalline cake. The yield of crude 
acid was 165 grams (70 per cent. of the theoretical). It is not 
decreased by a considerable increase in the scale of the experiment. 

Purification was effected through the ethyl ester, which was 
prepared as described below, purified by distillation, and rehydro- 
lysed by boiling with hydrochloric acid until no more alcohol was 
evolved and then evaporating on a water-bath. The yield of pure 
acid was 50 per cent. of the theoretical. 

The Monohydrate——The pure acid crystallises from very con- 
centrated aqueous solution in needles, melting with decomposition 
at 181°, and containing one molecule of water of crystallisation 
(Found: C = 38:3; H = 4-75. C,H, )0,,H,O requires C = 381; 
H = 4-75 per cent.). On keeping in a dry atmosphere, part of 
the water of crystallisation is rapidly lost. 

The Anhydrous Acid.—The hydrate was heated for two hours at 
120° and the residue recrystallised from a mixture of acetone and 
chloroform, from which the anhydrous acid separated in minute 
crystals melting with decomposition at 208—210° (Found : C = 407; 
H=4-5. C,H,,0, requires C = 41:0; H = 4-3 per cent.). 

The Barium Salts.—The acid forms a very characteristic barium 
salt, which, although it separates with water of crystallisation, '8 
exceedingly insoluble in hot or cold water and can be precipitated 
by adding aqueous barium hydroxide to a solution of the al 
monium salt even at considerable dilutions. The precipitate, after 
drying at 95°, consists of the trihydrate (Found: Ba = 489. 
C,H,O,Ba,,3H,O0 requires Ba = 49-1 per cent.), but if it be dried 
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to constant weight at 160°, the monohydrate will be obtained 
(Found: Ba = 52-45. C,H,O,Ba,,H,O requires Ba = 52-5 per 
cent.). The anhydrous salt is formed when either of the hydrates 
is heated to constant weight at 220° (Found: Ba = 54-1. 
C,H,O,Ba, requires Ba = 54-3 per cent.). 


Ethyl Carboxymethanetriacetate. 


Carboxymethanetriacetic acid is not readily converted into its 
tetraethyl ester by the ordinary methods of esterification, and the 
following process was therefore resorted to. The crude acid (165 
grams) was mixed with 400 c.c. of ethyl alcohol and 50 c.c. of con- 
centrated sulphuric acid in a flask fitted with a 10 cm.-fractionating 
column and a condenser. A stream of ethyl alcohol vapour was 
passed into the flask, which was kept in an oil-bath at 120° until 
4 litres of distillate had collected. The reaction mixture was then 
cooled and poured into ice-cold water, and the esters were extracted 
by means of ether, separated from acid products by sodium carbon- 
ate solution in the usual manner, and purified by distillation under 
diminished pressure. In this way 156 grams of the pure ester, 
b. p. 208°/15 mm. (Found: C= 553; H=7-5. C,,H,,0, 
requires C = 55-5; H = 7-5 per cent.), were obtained together with 
a small amount of “low fraction,” consisting largely of the same 
substance, and 10 grams of a mixture of acid esters which yielded 
the same carboxymethanetriacetic acid on hydrolysis. 

, sz, Y---CO~__, -CH,°CO 
The Di-anhydride, b0-CH,?C<cH,-co>? 

This substance was prepared by boiling the acid (or its mono- 
hydrate) with an excess of acetic anhydride for one hour, and dis- 
tilling off the acetic acid under diminished pressure at 100°. The 
residue solidified on keeping, and the solid, after recrystallisation 
from acetone, melted at 223° with slight decomposition. It. was 
insoluble in water, but dissolved slowly in sodium carbonate solu- 
tion, forming sodium carboxymethanetriacetate (Found: C = 48-1; 
H=3-2. C,H,O, requires C = 48-5; H = 3-0 per cent.). 

It will be observed that this anhydride melts at a higher tem- 
perature than the corresponding acid, a circumstance which is 
very unusual, but not unknown; two other instances of the same 
phenomenon are afforded by $8-dimethylglutaric and camphoric 
anhydrides. 


(B) Oxidation of cycloPentane-1 : 1-diacetic Acid. 


Very little need be said regarding our experiments on the oxida- 
tion of cyclopentane-1 : 1-diacetic acid, since the method of working 
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was the same as that already described in connexion with the 
oxidation of its ring-homologue and the sole product was the 
carboxymethanetriacetic acid already dealt with. It should be 
noted, however, that the acid C,H,,0, appeared not to be produced 
under any of the conditions used, and also, for it is of theoretical 
interest in connexion with a modification of the “ Spannungs. 
theorie ’’ recently suggested (Ingold, this vol., p. 305), that so far 
as we could judge there is no considerable difference in the ease of 
fission by oxidation of the homocyclic rings present in cyclopentane- 
and cyclohexane-1 : 1-diacetic acids. 


We are greatly indebted to Professor J. F. Thorpe for the interest 
which he has taken in this work and also for much valuable advice. 
We wish to thank the Chemical Society for a grant which has 
defrayed a large part of the cost of the investigation. 


IMPERIAL COLLEGE OF SCIENCE AND TECHNOLOGY, 
SoutH Kensineton, 8.W.7. [Received, September 23rd, 1921.] 


CCXIV.—Dichloroacetates and Chlorobromoacetates from 
aB-Dichlorovinyl Ethyl Ether. 


By Hotianp Crompton and Puy.iis Mary TRIFrirv. 


CHLORINE is readily absorbed by «8-dichlorovinyl ethyl ether at 
the ordinary temperature. If care is taken to exclude moisture, 
the product, on heating, or on keeping for some time, breaks up 
into dichloroacetyl chloride and ethyl] chloride, 
CHCICCLOEt + Cl, = CHCI,°COCI + EtCl. 
If water is added, or if the product is left exposed to the air, when 
moisture will be absorbed, on heating or on keeping hydrogen 
chloride is evolved, and on distillation ethyl dichloroacetate is 
obtained in almost theoretical yield, 
CHCI-CCl-OEt + Cl, + H,O = CHCI,°CO,Et + 2HCI. 

The action of bromine on «$-dichlorovinyl ethyl ether is similar 
to that of chlorine. With perfectly dry materials and careful 
exclusion of water, chlorobromoacetyl chloride, b. p. 138—139°, 
and ethyl bromide are obtained. If free access of moisture is 
allowed, ethyl chlorobromoacetate, b. p. 174°, d? 1-5890, is pro- 
duced, along with hydrogen chloride and hydrogen bromide. 

From the behaviour of chlorinated and brominated dichloro- 
vinyl ethyl ether with water, it seemed likely that the substitution 
of alcohols or phenols for water in the above reactions would lead 
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to the production of esters of dichloroacetic and chlorobromoacetic 
acids. This was found to hold for ethyl and amyl alcohols and 
for a number of phenols. Aryl dichloroacetates and chlorobromo- 
acetates are usually solids at the ordinary temperature, crystallising 
readily from the reaction product and obtainable in good yield. 
Corresponding aryl dichloroacetates and chlorobromoacetates 
appear to be isomorphous and to form mixed crystals with one 
another in all proportions. The melting points of these compounds 
are also almost identical, the replacement of a chlorine atom in 
the dichloroacetate by a bromine atom having only a slight effect 
on the melting point. This is shown in the case of the phenyl 
derivatives. 
Phenyl dichloroacetate, m. p. 48°, b. p. 247-5° (corr.), d” 1-2991. 
Phenyl chlorobromoacetate, m. p. 46-5°, b. p. 266° (corr.), d? 1-5311. 
The melting points are those determined in the ordinary way. 
The solidifying or freezing points of these compounds, and of their 
mixtures with one another in varying proportions, are given in 
the following table : 


Molecular percentage of Freezing Points. 

Dichloroacetate. Chlorobromoacetate. Obs. Cal. 

100 0 46°25° — 
91°7 8°3 45°9 46°0 
83°1 16°9 45°5 45'8 
75°3 24°7 45:0 45°6 
56°3 43°7 44°7 45°1 
31°9 68°1 44-2 44°5 
20-0 80-0 44°05 44-2 
9°8 90°2 43°9 44:0 

0 100 43°7 oo 


The numbers given in the last column are those calculated on the 
assumption that the freezing points of the mixtures, when plotted 
against molecular percentages, lie on a straight line connecting 


ithe freezing points of the two components. As is usual in cases of 


this kind, the observed values are slightly lower than the calculated. 
In the other cases examined it was not found possible to detect 
a difference between the melting points of corresponding aryl 
compounds determined in the usual way. These cases were : 
p-Tolyl dichloroacetate and chlorobromoacetate, m. p. 58°. 
8-Naphthyl dichloroacetate and chlorobromoacetate,m.p. 92—93°. 
Quinol bisdichloroacetate and bischlorobromoacetate, m. p. 
123—124°, 
The corresponding compounds can be mixed with one another 
in any proportion with no appreciable effect on the melting point. 


Beprorp CoLLEGE, 
Recent’s Park, N.W.1. [Received, October 12th, 1921.] 
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CCXV.—Valency and Co-ordination. 
By Samvet Henry CuirrorD Briaes. 


As an attempt has recently been made to show that Werner's 
conception of co-ordination is of a more fundamental character 
than hitherto supposed (Briggs, Phil. Mag., 1921, 42, 448), it 
seems desirable to refer to some criticisms of Werner’s views 
brought forward by Rhodes (Chem. News, 1921, 122, 85, 97) and 
by Friend (this vol., p. 1042). 

(1) Rhodes objects to Werner’s formula for ammonium chloride, 
chiefly on the ground that the position of the chlorine in (NH,)CI 
suggests instability, the chlorine being combined with the complex 
as a whole rather than with an individual atom in the complex. 
When it is remembered, however, that the ammonium radicle and 
the chloride ion possess equal and opposite electrical charges, the 
stability of the compound is not difficult to understand. 

Friend suggests that ammonium chloride exists in two forms 


= ' — 
(1) HyiN == CrH and (2) H, = N = yy. 


According to Werner (“‘ Neuere Anschauungen auf dem Gebiete der 


anorganischen Chemie,” 3rd. ed., p. 248) “. . . die Entstehung von 
Chlorammonium folgendermassen wiederzugeben ist 
H 
HSN + HCl = HN: ‘HCl 
HH” “HW” 


. und da es unwahrscheinlich ist dass ein Wasserstoffatom durch : 


einen anderen Affinitaétsbetrag an Stickstoff gekettet ist als die drei 
anderen, so wird sich im Affinitiitsausgleich ein Endzustand heraus- 
bilden, bei dem simtliche Wasserstoffatome durch gleiche Affini- 
tatsbetrige an dem Stickstoff gebunden sind. Das Ammonium 
ist hiernach ein komplexes Radical, NH,, in dem ein zentrales 
Stickstoffatom vier Wasserstoffatome jedes mit gleichem Affinitats: 
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betrag, bindet . . . . Strukturchemisch ist das Chlorammonium 
deshalb durch folgendes Symbol wiederzugeben 
N_ Cl” (2) fy 
H: -H | 


The existence of ammonium chloride in two forms is therefore | 
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quite possible on Werner’s theory, but Werner’s formula (2) appears 
preferable to Friend’s second formula, because the chlorine atom is 
ionisable, whereas the hydrogen atoms are not. 

(2) In the writer’s opinion, Werner’s formula for the carbonato- 
pentamminecobaltic salts is not a violation of the co-ordination 
theory, as suggested by Friend. One of the negatively-charged 
oxygen atoms of the carbonate ion is linked to the cobalt and the 
other charged atom is not linked up and will therefore be analogous 
toa charged atom (anion) outside the complex, as shown in Werner’s 
formula, The carbonato-radicle, however, will not give free car- 
bonate ions in solution owing to the non-ionisable union of one 
oxygen atom with the central cobalt atom. 

(3) The shell theory suggested by Friend for complex compounds 
is open to criticism on the following grounds. 

(a) If the ammonia molecules in Co(6NH,)Cl, and (Co6NH,)Cl, 
are not attached to the cobalt atom, but are linked up to each 
other to make a shell, there is no apparent reason for the great 
difference in stability of the compounds. But if they are attached 
to the cobalt as required by Werner’s theory, it follows from the 
electrical theory of the atom that the cobaltic compound is more 
stable than the cobaltous salt, as is actually the case (Briggs, T., 
1917, 111, 255). 

(6) On Friend’s shell theory, there is no explanation of Werner’s 
maximum co-ordination numbers 4, 6, 8 (and 12). The writer has 
shown, however, that if the co-ordinated atoms or groups are 
directly attached to the central atom as required by Werner, then 
the maximum co-ordination numbers follow on geometrical grounds 
from Rutherford’s theory of the atom with a positive nucleus 
(T., 1919, 115, 278). 

(c) Friend’s shell theory, when applied to the salts of complex 
acids, requires isomerism due to differences in the points of attach- 
ment of the positive atoms. The writer held the view that such 
isomerism might be possible in a paper on duplex affinity published 
some years ago, formula I being given to potassium platinichloride 
(T., 1908, 93, 1564). In later papers, the theory was developed 
further on the. assumption that positive affinity is a tendency to 
lose electrons, and negative aflinity a tendency to attract electrons. 
With such an assumption we can only expect that in the complex 
ion PtCl; the chlorine atoms will all become electrically equal, 
and that consequently the potassium atoms will be united to the 
complex as a whole, as seen in formula IT and as required by Werner’s 
theory, instead of to distinct chlorine atoms, as shown in formula I 
and as is also required by Friend’s theory. Stereoisomerism should 
not therefore be possible. 
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—> KCl — >, = Cl 
—> Ka — Pt= 
= Cl 

(I.) (II.) 


--> K,¢Pt’”* <— Ck, —>) 


The question can, however, be decided only by experimental 
investigation, and the writer has been engaged for some years in 
the study of such supposed cases of isomerism. It has been already 
shown that Marignac’s second form of potassium stannifluoride 
is potassium hydroxopentafluorostanneate, K,(SnF;0H) (Zeitsch, 
anorg. Chem., 1913, 82, 441), that Locke and Edwards’s second 
form of potassium ferricyanide is a compound of the formula 
3K,Fe(CN),,K,[Fe(CN);H,O], and that the second form of potass- 
ium ferrocyanide observed by the writer is the ordinary ferrocyanide 
containing a trace of aguopentacyanoferroate (T., 1920, 117, 1026). 
The remaining cases of the two aquopentachlororutheniates and the 
two hexachlororutheneates are now being investigated. It has been 
found that the formula for the first pair of isomerides is not 
K,RuCl;,H,O, but 2K,RuCl;,3H,O, and it will be shown in a 
subsequent paper that these can be brought into agreement with 
Werner’s theory. The existence of two salts of the formula 
K,RuCl, appears doubtful, but the investigation is not yet 
completed. 

(d) The difficulty of Friend’s shell theory, and indeed of all other 
valency theories in dealing with strong electrolytes, is apparent if 
we consider a crystal of sodium chloride in which every sodium ion 
is surrounded by six chloride ions, and every chloride ion by six 
sodium ions. It is difficult to imagine a system of two interpenetrat- 
ing shell lattices, one made up of positively charged sodium atoms 
linked to each other, and the other of negatively charged chlorine 
atoms united together. On the other hand, if we write a valency 
formula with each sodium ion united to six chloride ions, and each 
chloride ion linked to six sodium ions, as is actually the case, then 
we must either assume that chlorine and sodium are both sexavalent, 
or that they each possess six partial valencies, the six being equal 
to one whole valency. Werner’s co-ordination theory is much more 
satisfactory than any valency theory in this respect, and cin be 
applied to such crystal structures (Pfeiffer, Zeitsch. anorg. Chem., 
1915, 92, 376; 1916, 97, 161). 

(4) Friend’s free valency and residual valency and Thomson's 
ionised valency and non-ionised valency really represent two 
extreme types of combination, as is emphasised by Friend (loc. cit., 
p. 1043) (compare Briggs, T., 1917, 1414, 267). The same argument 
applies equally to Langmuir’s clean-cut division of valency into 
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electrovalence, in which the charged atoms are held together by 
electrostatic force, and co-valence, in which the atoms are united 
owing to the sharing of electrons. Since the electrons are united 
to the kernel of an atom by electrostatic force, it would appear that 
electrostatic attraction between two charged atoms, that is, electro- 
valence, involves the sharing of electrons, and the distinction 
between electrovalence and co-valence is therefore one of degree 
rather than of kind. Co-valence represents a condition in which 
electrons are shared equally between two atoms, and electrovalence 
a condition of unequal sharing, the more unequal the sharing of 
the electrons the greater the tendency of the compound to undergo 
electrolytiz dissociation. 


(Received, October 12th, 1921.] 


CCX VI.—Studies in the n-Butyl Series. Part I. 
Aryl n-Propyl Ketones. 


By GitBert T. MorGAN and WILFRED JoHN HICKINBOTTOM. 


Tue industrial development during recent years of a fermentation 
yielding n-butyl alcohol has rendered available considerable 
amounts of this alcohol, for which sufficient use has not hitherto 
been found. A consideration of the problem of the utilisation of 
this product leads to the conclusion that the solution lies in the 
employment of derivatives of n-butyl alcohol rather than in its use 
as a substitute for fusel oil. It is from this point of view that we 
have examined the properties of certain n-butyl compounds derived 
by practicable processes from n-butyl alcohol. 

The influence of butyl and butyryl groups in enhancing the odour 
of chemical substances is well known, and aryl derivatives con- 
taining these osmophoric radicles have been prepared and examined. 
On comparing the odours of the substituted n-butylbenzene with 
those of the corresponding derivatives of phenyl n-propyl ketones, 
it is noticed that the odour diminishes in intensity on passing from 
the hydrocarbon to the ketone. This is particularly noticeable 
with the nitro-derivatives. 3-Nitrophenyl n-propyl ketone, for 
instance, is almost inodorous, whilst the nitro-n-butylbenzenes and 
2-nitro-1 : 4-di-n-butylbenzene have characteristic odours. Orienta- 
tion has its effect, for 2-nitrophenyl n-propyl ketone has a pleasant 
odour, which is, however, less fragant than that of the corresponding 
nitro-derivative of n-butylbenzene. 
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This contrast is not in accordance with the osmophoric theory of 
Rupe and Majewski (Ber., 1900, 33, 3401; compare also Klimont, 
“Die Synthetische und Isolierten Aromatica’’), for it might be 
expected that the presence of two osmophores, —CO*CH,— and 
—NO,, would give rise to a substance having an odour at least 
as intense as that of the nitrohydrocarbon. This anomaly is 
explicable on the assumption that in the aromatic series the effect 
of an osmophoric grouping is variable, depending, among other 
factors, on the presence of other osmophores in the molecule and 
also on their relative positions, so that the odour of a compound 
containing more than one osmophoric group in its molecule may be 
either increased or diminished as the orientation of the substituent 
varies. This influence of orientation is illustrated by a comparison 
of the odours of various derivatives of phenyl n-propyl ketone. 
Substitution in the meta-position yields, as a rule, substances with 
faint odours, whilst the corresponding ortho-compounds generally 
possess powerful and characteristic odours. It is noteworthy that 
2-aminophenyl n-propyl ketone, which is an odoriferous substance, 
contains the grouping characteristic of methyl anthranilate, 
A \ NH, 

, where R=C,H, or -O-CH, (compare Rupe and 

/ COR 
Majewski, Ber., 1900, 33, 3401). 

Butyryl chloride was condensed in turn with benzene, chloro- 
benzene, and m-xylene; the resulting ketones were converted 
successively into their nitro- and amino-derivatives. In the case 
of phenyl n-propyl ketone (II) nitration follows the meia-law oi 
substitution, the meta-nitro-compound (III) is the main product, 
but the formation of a small proportion of the ortho-nitro-derivative 
([) was noticed. 


CO-C,H, CO-C,H, CO-C,H, CO-C,H, 
Cel t heat Oe ¢ 
N NH, 
\4 \/ \ NOs Fe 
| (I.) (I1.) (III.) wa | (IV.) 
CO-C,H, CO-C,H, CO-C,H, CO-C3H, 
Or -O* Ca O 
‘1 OH 
4 / ae / 
(V.) (VI.) (VII.) (VIII.) 


With p-chlorophenyl n-propyl ketone (LX) the nitro-group enters 
exclusively the ortho-position with respect to chlorine, yielding 
4-chloro-3-nitrophenyl n-propyl ketone (X). 
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one. f In the case of m-4-xylyl n-propyl ketone (butyro-2 : 4-dimethyl- 
with | phenone, XVI), nitration occurs as with the parent aromatic 
rally | hydrocarbon, m-xylene; the main product is 6-nitro-m-4-aylyl 
that | n-propyl ketone (XVII), whereas 2-nitro-m-4-xylyl n-propyl ketone 
ance, { (XIX) is formed in smaller proportion. Further nitration leads to 
late, | 2: 6-dinitro-m-4-aylyl n-propyl ketone (XX). 
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In the foregoing condensations to form mixed ketones the intro- 


duction of the butyryl group into the benzene ring through the 
agency of the Friedel and Crafts reaction occurs much more smoothly 
than the substitution of a butyl group for chlorine by the Fittig 
reaction in the formation of p-di-n-butylbenzene (XXII) from 
p-dichlorobenzene. 
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Accordingly, the mixed ketones have been submitted to a more 
detailed examination. 


EXPERIMENTAL. 


I. Phenyl n-Propyl Ketone. 


Phenyl n-propyl ketone was prepared in a 69 per cent. yield by 
the interaction of n-butyryl chloride * and an excess of benzene 
in presence of aluminium chloride. Phenyl -propyl ketone was 
characterised by its p-nitrophenylhydrazone, which separated from 
glacial acetic acid in orange-red, prismatic needles having a metallic 
blue reflex; it melted at 163° (Found: N = 15-13. C,,H,,0,N, 
requires N = 14-84 per cent.). 

1. Nitration in Acetic Anhydride. 3-Nitrophenyl n-Propyl Ketone 
(III).—Phenyl n-propyl ketone (5-2 grams) was cautiously added 
with continuous stirring to 33 grams of fuming nitric acid mixed 
with 32 grams of acetic anhydride, the temperature being maintained 
below 5°. After half an hour, the nitration mixture was poured on 
to crushed ice, when crude 3-nitrophenyl n-propyl ketone was 
precipitated as a white, curdy solid, which was pressed from oily 
by-products. The nitrated ketone separated from warm alcohol 
in white, brittle plates melting at 61° (Found: C = 61-73; 
N = 7:53. Cy 9H,,0,N requires C = 62:15; N = 7-25 per cent.). 
It was not readily soluble in light petroleum or cold alcohol, but 
more readily so in ether or chloroform. 3-Nitrophenyl n-propyl 
ketone was oxidised to m-nitrobenzoic acid on heating with chromic 
acid or potassium permanganate in presence of dilute sulphuric 
acid; it yielded a phenylhydrazone crystallising from alcohol in 
orange-red masses of small needles melting at 103°. The p-nitro- 
phenylhydrazone was deposited from warm glacial acetic acid in 
minute, pale yellow crystals melting at 205° (Found: N = 17:28. 
C,,H,,0,N, requires N = 17-07 per cent.). 


2-Nitrophenyl n-Propyl Ketone (1). 


The oily filtrates and washings from the 3-nitro-compound were 
repeatedly extracted with ether to remove the liquid product of 
the nitration. The ethereal extract was washed with aqueous 
sodium hydroxide solution and the solvent evaporated. The 
residual oil contained a mixture of the 2- and 3-nitro-compounds, 
from which the greater part of the solid isomeride was removed by 
freezing. There was not sufficient material available to attempt 


* Our thanks are due to Captain Desborough, of the Royal Naval Cordite 
Factory, for the n-butyl alcohol required in this investigation. 
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the lengthy fractionation under diminished pressure which appeared 
necessary to isolate the ortho-nitro-compound in a pure state, and 
recourse was made to the difference in behaviour of the isomerides 
with p-nitrophenylhydrazine. Crude 2-nitrophenyl n-propyl ketone 
was heated in a boiling water-bath with three-fifths of its weight 
of p-nitrophenylhydrazine in alcoholic solution. A dark red oil 
resulted which slowly deposited the p-nitrophenylhydrazone of the 
3-nitro-compound as a reddish-yellow solid. The separation was 
hastened by treatment with dry ether, when, on submitting the 
residue to distillation in a current of steam, a pale yellow oil passed 
over, which was subjected to further treatment with p-nitrophenyl- 
hydrazine. It was finally purified by two steam distillations in 
presence of dilute hydrochloric acid. By these means 2-nitrophenyl 
n-propyl ketone was obtained as a pale yellow oil having a sweet 
odour resembling to some extent that of nitrobenzene (Found : 
N=7-01. Cj, 9H,,0,N requires N = 7-25 per cent.). 

In the nitration of phenyl n-propyl ketone with nitric acid and 
acetic anhydride, the yield of mixed nitro-compounds after removing 
isonitroso-compounds and oxidation products amounted to 97—98 
per cent. of the calculated amount. 

2. Nitration in Sulphuric Acid—A mixture of 1-1 to 1-2 molecular 
proportions of nitric acid (d 1-42) and concentrated sulphuric acid 
(18 grams) was added with continuous stirring to phenyl n-propyl 
ketone (5-4 grams) dissolved in 60 grams of concentrated sulphuric 
acid, the temperature being maintained below 5° throughout the 
operation. The mixture was left at 0° for about two hours and then 
poured on to ice. The isolation of 3-nitrophenyl n-propyl ketone 
was effected as in the preceding preparation. 

3-Aminophenyl n-propyl ketone (IV), obtained in good yield by 
the reduction of the corresponding nitro-compound with zine dust 
and ammonium chloride in aqueous alcoholic solution, was purified 
by fractionation under diminished pressure; it distilled over as a 
pale yellow, viscous oil at 194—197°/29—30 min. and solidified to a 
white mass of crystals melting at 27—28° (Found: N = 8:30. 
Ci9H,,0N requires N = 8-59 per cent.). 

The hydrochloride separated from its concentrated solution in 
hydrochloric acid in masses of colourless needles, but was hydrolysed 
in aqueous solution. The zincichloride was precipitated as a white, 
sparingly soluble mass by the addition of an aqueous solution of 
zinc chloride to a suspension of the base. The picrate separated 
from warm benzene in bright yellow nodules or rosettes of needles 
melting at 132—133° (Found: N = 14-44. C,9H,,0N,C,H,0,N, 
requires N = 14-28 per cent.). 

3-Acetylaminophenyl n-propyl ketone, prepared by warming the 
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base with acetic anhydride, separated from a mixture of benzene 
and light petroleum in plates melting at 71-5—72-5° (Found: 
N = 7:02. C,,.H,;0,N requires N = 6-83 per cent.). 
3-Benzoylaminophenyl n-propyl ketone separated from warm 
aqueous alcohol in small, white crystals melting at 103—104° 
(Found: N = 5-17. C,,H,,0O,N requires N = 5-24 per cent.). 
n-Butyrophenone-3-azo-8-naphthol, obtained by coupling 3-diazo. 
phenyl x-propyl ketone chloride with 8-naphthol in alkaline solution, 
crystallised from warm alcohol in small, red needles having a faint 
green reflex (m. p. 127—128°) (Found: N = 9-05. C,9H,,0,N, 
requires N = 8-80 per cent.). It gave a crimson coloration in 
concentrated sulphuric acid. 
n-Butyrophenone-3-azo-B-naphthylamine, produced as in the pre- 
ceding preparation, using an alcoholic solution of 8-naphthylamine, 
crystallised from warm glacial acetic acid in orange-red plates or 
scales having a coppery lustre, or on slow cooling in small, acicular 
plates arranged in clusters. It melted at 149—150° (Found: 
N = 13-51. CH,,ON, requires N= 13-25 per cent.). This 
azo-8-naphthylamine developed in concentrated sulphuric acid a 
violet-blue coloration, changing to red and brown on dilution. 
Concentrated hydrochloric acid in glacial acetic acid gave rise to a 
bright red coloration. 
n-Butyrophenone-3-azoresorcinol—The diazotised amino-ketone 
was coupled with resorcinol in either aqueous or alcoholic solution 
in presence of sodium acetate, when the crude azo-compound 
separated. It was purified by precipitation from its solution in 
dilute sodium hydroxide and finally by crystallisation from warm 
benzene, when it separated as an orange-red powder melting at 144° 
(Found: N= 10-10. C,,H,,0,N, requires N = 9-86 per cent.). 
A small amount of another azo-compound was obtained, which was 
insoluble in aqueous alkalis, but soluble in alcoholic potassium 
hydroxide. It separated from alcohol as a bright red, sparingly 
soluble powder. Sulphuric acid developed a red coloration. 
3-Hydroxyphenyl n-Propyl Ketone (VIII).—On boiling the diazo- 
tised solution from 3-aminophenyl n-propyl ketone with an excess of 
diluted sulphuric acid, 3-hydroxyphenyl n-propyl ketone separated 
as a dark oil, becoming solid on cooling; it was purified by solution 
in dilute sodium hydroxide and precipitation with acid, followed 
by crystallisation from warm light petroleum. It crystallised from 
a mixture of benzene and light petroleum in white, rhombic plates 
melting at 63° (Found: C = 73-10; H = 7-46. C,)H,,0, requires 
C= 173-13; H=7:38 per cent.). 3-Hydroxyphenyl 1-propyl 
ketone, which has only a faint, pleasant, phenolic odour, coupled 
with diazotised p-nitroaniline to yield a red azo-compound. 
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The p-nitrophenylhydrazone of 3-hydroxyphenyl n-propyl ketone 
crystallised from benzene in orange-yellow needles melting at 
160° (Found : N = 14-17. ©,,H,,0,N, requires N = 14-04 per cent.). 

3-Chlorophenyl n-propyl ketone (VII), an almost colourless oil 
volatile in steam, was obtained from the corresponding amino- 
compound by the Sandmeyer reaction. Its odour resembled that 
of 4-chlorophenyl n-propyl ketone (IX), but was less intense 
(Found: Cl = 19-15. Cy gH,,OCl requires Cl = 19-42 per cent.). 

The p-nitrophenylhydrazone separated from glacial acetic acid in 
minute, dull yellow crystals melting at 138° (Found: N = 13-58. 
(,,H,g0.N,Cl requires N = 13-23 per cent.). 

2-Aminophenyl n-Propyl Ketone (V).—By reducing 2-nitrophenyl 
n-propyl ketone (I) with zinc dust and ammonium chloride in 
boiling alcoholic solution, this amine was obtained as a pale yellow 
oil, volatile in steam and possessing a characteristic and pleasant 
odour when dilute. On adding concentrated hydrochloric acid to 
the base, the hydrochloride separated in clusters of white, prismatic 
needles melting at 160—162° to a dark red liquid. It darkened a 
few degrees below its melting point (Found: N = 6-95; Cl = 17-75. 
CipH,,0N,HCI requires N= 7-01; Cl= 17-76 per cent.). The 
amine was readily obtained by the reduction of the liquid product 
of the nitration of phenyl x-propyl ketone. On distilling the mixture 
of amines in a current of steam, the ortho-compound passed over the 
more readily, and was obtained pure by crystallising its hydrochloride 
two or three times from concentrated hydrochloric acid. 

The amine was diazotised readily in dilute hydrochloric acid 
solution, and on pouring the solution of the diazonium salt into 
alkaline 6-naphthol the azo-B-naphthol separated as a bright red 
powder, which crystallised from warm alcohol in bright red masses 
of small crystals having a faint metallic reflex. It melted at 154— 
155° (Found : N = 9-10. C, )H,,0,N, requires N = 8-80 per cent.). 
The azo-compound developed a violet coloration in concentrated 
sulphuric acid. 

On boiling a solution of the diazotised amine with excess of dilute 
sulphuric acid, 2-hydroxyphenyl n-propyl ketone (V1) separated as a 
pale yellow, viscous liquid, which was purified by solution in alkali 
followed by distillation in a current of steam (Found: C = 73-24; 
H=7-13. CiH,,0, requires C = 73:13; H = 7:39 per cent.). 


Il. 4-Chlorophenyl n-Propyl Ketone (IX). 


n-Butyryl chloride (30 grams) was added gradually with continu- 
ous stirring to 83 grams of chlorobenzene mixed with freshly- 
prepared aluminium chloride (35 grams), the temperature being 
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maintained at 40—60°. After four hours, the product was poured 
on to ice and the pale yellow oil, having been washed with aqueous 
sodium hydroxide solution, was distilled, when it gave a colourless 
fraction at 253—254° (uncorr.) which solidified on cooling to a mass 
of crystalline and practically pure 4-chlorophenyl n-propyl ketone 
(yield 72 per cent.); this product separated from alcoholic solution 
in white, soft, tabular crystals melting at 36° (Found: Cl = 19-29, 
C,9H,,OCI requires Cl = 19-42 per cent.). The ketone, which was 
soluble in the common organic media, was characterised by a 
pleasant odour more powerful than that of phenyl n-propyl ketone. 

Oxidation of 4-chlorophenyl x-propyl ketone with sodium di- 
chromate and dilute sulphuric acid gave p-chlorobenzoic acid, 
thereby establishing the orientation of the chlorine substituent 
with respect to the ketonic group. 

The phenylhydrazone crystallised from alcohol in white, slender 
needles melting at 85° (Found: N = 9-20. C,,H,,N,Cl requires 
N = 10-27 per cent.). This hydrazone was found to be unstable, a 
pure specimen becoming converted into a dark brown tar after one 
month in a closed tube. 

The p-nitrophenylhydrazone separated from a mixture of benzene 
and alcohol in small, yellow crystals melting at 173—174° (Found: 
N = 13°39. C,,H,,0,N,Cl requires N = 13-23 per cent.). 


Reduction of 4-Chlorophenyl n-Propyl Ketone. 


(a) 4-Chloro-n-butylbenzene-—The reduction was carried out at 
80—100° with hydrochloric acid and amalgamated zinc, according 
to Clemmensen’s method for the reduction of ketones to hydro- 
carbons (Ber., 1913, 46, 1838). After twelve hours, the insoluble, 
yellow oil was removed and distilled in a current of steam. In 
the distillate crude 4-chloro-n-butylbenzene (XIII) was obtained, 
which was fractionally distilled after being separated and dried. 
The main distillate was collected at 225—228°/761 mm. as a colour- 
less, refractive liquid stable to cold neutral permanganate solution 
and possessing a powerful odour of anise (Found: Cl = 20-72. 
C,9H,,Cl requires Cl = 21-03 per cent.). 

4-Chlorobutenylbenzene (XII).—In the reduction of the ketone 
by Clemmensen’s method a small quantity of an unsaturated 
compound was usually obtained, the yield of which was increased 
by continuing the reduction for a shorter period or by working at 
a lower temperature. Under these conditions a mixture of 4 
chlorobutenylbenzene and 4-chloro-n-butylbenzene was obtained 
in the fraction distilling between 225° and 240°. As the difference 
in the boiling points of the two substances was inconsiderable, and 
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as the quantity of available material did not permit of a systematic 
fractionation, evidence of the presence in the mixture of 4-chloro- 
butenylbenzene was obtained by converting the compound into its 
dibromide. That portion of the crude reaction product which was 
volatile in steam was suspended in water and treated with bromine 
until there was no further absorption. The heavy oil which resulted, 
having been treated with sodium sulphite solution, was distilled 
in steam, when a pasty, non-volatile residue (b) was obtained on 
cooling. The liquid portion volatile in steam was separated by 
distillation into 4-chloro-n-butylbenzene (a) and a liquid (c) boiling 
with decomposition above 230° and having a fragrant odour of 
hyacinths. Since the liquid (c) contained bromine and yielded 
4-chlorobutenylbenzene on boiling with anhydrous pyridine for 
seven hours, it was probably 4-chlorobromobutylbenzene. 

4-Chlorobutenylbenzene, a colourless, refractive liquid boiling 
at 234 —237°/749 mm., had an odour resembling that of the saturated 
hydrocarbon (a), except that it was less pronounced and somewhat 
alliaceous (Found: Cl = 21-16. C, 9H,,Cl requires Cl = 21-28 
per cent.). 

(b) 4-Chloro-«8-dibromo-n-butylbenzene.—The pasty residue (b) 
obtained in the foregoing steam distillation was drained and 
crystallised from alcohol, when the purified dibromide separated in 
transparent prisms melting at 72° (Found: AgCl+AgBr = 159-6. 
C,)H,,CIBr, requires AgCl+AgBr = 159-0 per cent.). 

The reduction of 4-chlorophenyl n-propyl ketone with amalga- 
mated zine and hydrochloric acid gave a varying proportion of a 
vitreous residue, not volatile in steam. By substituting for aqueous 
hydrochloric acid a solution of one part of concentrated hydro- 
chloric acid in two parts of alcohol, the amount of by-product was 
increased. The substance was only sparingly soluble in alcohol, 
but more readily so in benzene or light petroleum. It melted 
indefinitely at 55—60° and was presumably a polymeride of 4-chloro- 
butenylbenzene. 

4-Chloro-3-nitrophenyl n-Propyl Ketone (X).—It was found 
necessary to carry out the nitration of 4-chlorophenyl n-propyl 
ketone at a temperature not exceeding —5°, in order to reduce the 
tendency to oxidation. 

4-Chlorophenyl n-propyl ketone (2 grams) dissolved in 18 grams 
of sulphuric acid (d 1-84) was cautiously added to a mixture of 
15 grams of nitric acid (d 1-42) and 36 grams of concentrated 
sulphuric acid, cooled to —12° and constantly stirred. After the 
ketone had been added, the nitration mixture was left for a period 
of ten to thirty minutes and then poured on to crushed ice. The 
white, curdy solid, after being washed with water and sodium 
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carbonate solution, was purified by crystallisation from alcohol, 
when it separated in white plates melting at 53° (Found: N = 6-34; 
Cl = 15-25. C, 9H, ,0,NCl requires N = 6-15; Cl = 15-58 per cent), 

4-Chloro-3-nitrophenyl n-propyl ketone was faintly odorous, and 
was sparingly soluble in light petroleum or cold alcohol, but dis. 
solved more readily in ether. On oxidation with aqueous chromic 
acid solution in presence of sulphuric acid, 4-chloro-3-nitrobenzoic 
acid (m. p. 180°) was obtained. 

The phenylhydrazone separated from alcohol in acicular, golden 
yellow crystals melting at 116—117° (Found: N = 12-91. 
C,,H,,0,N,Cl requires N = 13-23 per cent.). 

The p-nitrophenylhydrazone, obtained as a bright yellow, crystal- 
line powder, melted at 215° (Found: N = 15-53. ©,,H,,;0,N,() 
requires N = 15-45 per cent.). 

On heating 4-chloro-3-nitrophenyl n-propyl ketone with phosphoric 
acid at 150—160°, no evidence was obtained of the fission of the 
butyryl group, the bulk of the substance being recovered unchanged 
(compare Klages and Lickroth, Ber., 1899, 32, 1563), excepting for 
a trace of 3-nitro-4-hydroxyphenyl n-propyl ketone (XIV), which was 
obtained more readily on heating the nitrochloro-compound with 
eighty times its weight of 6 per cent. aqueous potassium hydroxide 
solution. This nitrophenolic substance was obtained from boiling 
light petroleum in pale yellow needles melting at 46° (Found: 
N= 6-71. C,)H,,0,N requires N=6-70 per cent.); it was 
readily soluble in the ordinary organic solvents with the exception 
of light petroleum. 

The p-nitrophenylhydrazone, separating from glacial acetic acid 
in masses of orange crystals, melted at 203—204° (Found: 
N = 16-50. C,gH,,0;N, requires N = 16-27 per cent.). 

4-Chloro-3-aminophenyl n-propyl ketone (X1), obtained in good 
yield by the reduction of the corresponding nitro-compound in 
alcoholic solution with zinc dust and a trace of ammonium chloride, 
crystallised from alcohol or warm light petroleum in white, shining 
plates melting at 97° (Found: N = 7-37. C, )H,,ONCI requires 
N = 7-09 per cent.). 

The hydrochloride separated from warm dilute hydrochloric acid 
in colourless needles, sparingly soluble in water (Found: HCl= 
15:23. C,9H,,ONCI,HCI requires HCl = 15-58 per cent.). 

The diazo-solution from the foregoing hydrochloride, when poured 
into alkaline $-naphthol, yielded the red azo-8-naphthol, which 
crystallised from glacial acetic acid in red, prismatic needles having 
a green reflex (m. p. 153°) and developed a reddish-purple coloration 
with concentrated sulphuric acid (Found : N = 8-16. Cy 9H,,0,N,Cl 
requires N = 7-94 per cent.). 
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3: 4-Dichlorophenyl n-propyl ketone (XV), prepared from 4-chloro- 
3-aminophenyl n-propyl ketone by the Sandmeyer reaction, was 
isolated by distillation in steam and obtained as a colourless oil 
which could not be induced to crystallise. The odour of this 
compound was faintly reminiscent of anise and resembled that 
of 4-chlorophenyl x-propyl ketone, although not so intense. 
3:4-Dichlorophenyl n-propyl ketone was characterised by its 
p-nitrophenylhydrazone, which separated from warm glacial acetic 
acid in bright yellow, prismatic needles melting at 183° (Found : 
N= 12-10. C,,H,;0,N,Cl, requires N = 11-94 per cent.). 


Ill. m-4-Xylyl n-Propyl Ketone (XVI). 


The following method of preparation gave a better yield of the 
ketone than that obtained by previous workers (Claus, J. pr. Chem., 
1891, [ii], 43, 532; Klages, Ber., 1902, 35, 2257). 

A small quantity of n-butyryl chloride was added to a mixture 
of m-xylene (34-6 grams) and aluminium chloride (27 grams). 
After the mixture had been warmed to 60° and an evolution of 
hydrogen chloride had commenced, further amounts of the acyl 
chloride were gradually added, the temperature being maintained 
at 50—60°. When all the n-butyryl chloride, amounting to 21-7 
grams, had been added, the reaction was allowed to proceed at 
50—60° with constant agitation for three hours, then at the ordinary 
temperature for a period of twelve hours and finally at 60° for three 
hours. The product, after being poured into water and washed 
with dilute sodium hydroxide solution, was dried and fractionally 
distilled. A fraction amounting to 26-25 grams was collected 
between 252° and 259°, and on repeated fractionation 23 grams of 
pure m-4-xylyl n-propyl ketone were obtained boiling at 258— 
259°/760 mm.; 9-95 grams of m-xylene were recovered, the yield 
of pure ketone amounting to 64 per cent. of the theoretical. 
m-4-Xylyl n-propyl ketone gave a p-nitrophenylhydrazone, which 
separated from alcohol in small, bright yellow crystals melting at 
102—103° (Found: N = 13-79. C,gH,,0,N, requires N = 13-50 
per cent.). 

6-Nitro-m-4-xylyl n-Propyl Ketone (XVII).—The introduction 
of one nitro-group into m-4-xylyl n-propyl ketone was effected by 
dissolving the ketone (8-8 grams) in twelve times its weight of con- 
centrated sulphuric acid and, after cooling to 0°, adding slowly a 
mixture of 4-5 grams of nitric acid (d 1-42) and 36 grams of con- 
centrated sulphuric acid. During the nitration the temperature 
was kept below 15° and the mixture stirred continuously for about 
two hours after all the nitric acid had been added. It was then 
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poured on to crushed ice. The precipitated, semi-solid product 
was removed, and after it had been cooled to —10° and filtered at 
a low temperature there remained an almost white solid, which was 
washed successively with dilute sodium carbonate solution and 
water. It crystallised from warm alcohol in masses of slender, 
bayonet-shaped needles melting at 59—60° (Found: C = 65:2; 
H = 6-66; N = 6-43. C,,H,,0,N requires C = 65-13; H = 6-83; 
N = 6-33 per cent.). 

6-Nitro-m-4-xylyl n-propyl ketone was only moderately soluble in 
cold alcohol, but more readily so in chloroform, light petroleum, or 
glacial acetic acid. On oxidation with an aqueous solution of 
chromic acid in presence of dilute sulphuric acid, 5-nitro-2: 4. 
dimethylbenzoic acid was obtained, melting at 194—195° (Claus, 
J. pr. Chem., 1890, [ii], 41, 495, gives m. p. 195° [uncorr.]; Ahrens, 
Annalen, 1892, 271, 18, gives m. p. 196—197°). 

2-Nitro-m-4-xylyl n-Propyl Ketone (X1X).—The liquid product 
of the nitration, after being washed with sodium carbonate solution 
and water, deposited appreciable amounts of the 6-nitro-compound 
when cooled to —15°, and further quantities of the solid isomeride 
were removed by extracting the oily portion with small quantities 
of alcohol. After a prolonged treatment with alcohol at temper- 
atures below 0°, an oil was obtained which did not solidify at 
—15° (Found: N= 6-42. C,,H,;0,N requires N = 6:33 per 
cent.). The oil, however, was not pure, for on oxidation a mixture 
of nitrodimethylbenzoic acids was obtained. 

6-Amino-m-4-xylyl n-propyl ketone (XVIII), obtained by the 
reduction of the nitro-compound with zinc dust and ammonium 
chloride in alcoholic solution, separated from warm light petroleum 
in hard, almost colourless, hexagonal prismatic needles melting at 
56° (Found: N = 7-44. C,,.H,,ON requires N = 7-33 per cent.). 
The hydrochloride crystallised from warm dilute hydrochloric 
acid in white, slender, acicular crystals (Found: Cl = 15°61. 
C,.H,,ON,HCl requires Cl= 15-58 per cent.). The sulphate 
separated from water in long, fern-like crystals. 

Acetylation with acetic anhydride yielded 6-acetylamino-m-4- 
xylyl n-propyl ketone, crystallising from petroleum (b. p. 80—100°) 
in a white, tangled mass of needles melting at 123° (Found: 
N = 6:35. C,,H,0O,N requires N = 6-01 per cent.). This amine, 
diazotised in dilute hydrochloric acid and coupled with alkaline 
8-naphthol, gave  butyro-2 : 4-dimethylphenone-5-azo-B-naphthdl, 
which crystallised from warm glacial acetic acid in bright red 
masses of slender needles and had a faint, green reflex (m. p. 194— 
195°) (Found: N = 8-44. C,.H,,0,N, requires N = 8-09 per 
cent.). The azo-derivative was sparingly soluble in cold alcohol ot 
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glacial acetic acid, but dissolved more readily in chloroform; it 
dissolved in concentrated sulphuric acid to a reddish-purple solution. 

6-Chloro-m-4-xylyl n-Propyl Ketone (X X1).—The replacement of 
the amino-group by chlorine was effected by the Sandmeyer 
reaction. This chloro-derivative was obtained by distillation in 
steam as an almost colourless oil, solidifying on cooling to 0°. Two 
crystallisations from alcohol at temperatures below 0° furnished a 
white, crystalline powder melting at 9—10° (Found: Cl = 16-44. 
C,.H,,OCl requires Cl = 16-83 per cent.). This substance had a 
characteristic odour similar to that of honey, but not so powerful 
as that of 4-chlorophenyl n-propyl ketone. 

Oxidation with chromic acid solution gave an acid which 
erystallised from alcohol in small, white needles melting at 165° 
after one crystallisation. This acid is presumably 5-chloro-2 : 4- 
dimethylbenzoic acid, which does not appear to have been previously 
described. 

2 : 6-Dinitro-m-4-xylyl n-Propyl Ketone (XX).—m-4-Xylyl n- 
propyl ketone (1 gram) was nitrated by adding its solution in 9 
grams of concentrated sulphuric acid to a mixture of 10-5 grams of 
nitric acid (d 1-5; free from nitrous acid) and 27 grams of sulphuric 
acid, cooled to —12°, and stirred continuously. On pouring on to 
ice, a milky, semi-solid mass separated, which was taken up with 
ether and washed successively with sodium carbonate solution, 
dilute sodium hydroxide, and water. Evaporation of the solvent 
gave 2: 6-dinitro-m-4-xylyl n-propyl ketone as a pale yellow oil 
which solidified after two or three weeks; it separated from alcohol 
ina mass of white, hair-like needles melting at 63° (Found: N = 
1078. C,.H,,0;N,. requires N = 10-52 per cent.). 


IV. p-Dibutylbenzene (XXII). 


p-Di-n-butylbenzene was prepared by the action of sodium on a 
mixture of p-dichlorobenzene and n-butyl chloride. The yield, 
however, was small, and the numerous by-products obtained added 
to the difficulty of isolating the hydrocarbon in a pure state. 

The reaction was carried out in a capacious flask immersed in an 
oil-bath, heated to 110° and subsequently to 150°. -Buty] chloride 
(72 grams) and p-dichlorobenzene (60 grams) dissolved in 50 c.c. 
of xylene were gradually added to 50 grams of sodium shavings 
covered with xylene (75 c.c.), so that the heat of the reaction was 
just sufficient to keep the solvent boiling. The product was filtered 
to remove sodium and sodium chloride, and the cake of mineral 
matter was extracted thoroughly with warm benzene. After the 


bulk of the solvent had been removed from the combined extract 
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and washings, a dark brown, viscous residue remained, having a 
faintly green appearance in reflected light. The product was 
distilled, fractions being collected up to 280—300°. By means 
of a lengthy process of fractionation, followed by treatment with 
metallic sodium, p-di-n-butylbenzene was obtained boiling at 
224—225-5°/759 mm. (Found: C = 88-75, 88-76; H = 10-9), 
11-30. C,,H,. requires C = 88-34; H = 11-66 per cent.). After 
further distillations, the hydrocarbon gave C = 88-65; H = 113 
per cent. Appreciable quantities of diphenyl were obtained in the 
reaction, and no doubt the presence of traces of diphenyl accounts 
for the high carbon content of the hydrocarbon. p-Di-n-butyl- 
benzene is a colourless liquid having a faint, agreeable, orange-like 
odour. 

2-Nitro-1 : 4-di-n-butylbenzene.—Dibutylbenzene (7 grams) was 
cooled to 0° and fuming nitric acid added in small quantities until 
20 grams had been used. At the commencement of the operation 
the acid layer became dark red. The hydrocarbon on the other 
hand darkened as the nitration proceeded, until it was almost indis- 
tinguishable from the lower stratum. The nitration was checked 
as soon as nitrous fumes were evolved and the upper layer became 
lighter in colour. The crude nitro-compound was separated and 
treated repeatedly with water and sodium hydroxide solution until 
the washings were not tinted red. It was purified by distillation in 
steam, when 2-nitro-1 : 4-di-n-butylbenzene was obtained as a pale 
yellow, refractive liquid, having a pleasant and characteristic odour, 
faintly resembling that of lemons. It was purified for analysis by 
further distillation in steam, the first and the last portions of the 
distillate being rejected (Found: N = 6-14. C,,H,,0O,N requires 
N = 5-95 per cent.). 

2-Amino-1 : 4-di-n-butylbenzene (XXIII).—The reduction of 2 
nitro-1 : 4-dibutylbenzene to the corresponding amino-compound 
did not proceed smoothly when zinc dust and ammonium chloride, 
or tin or zinc with aqueous or alcoholic hydrochloric acid were 
employed as reducing agents. More favourable results were 
obtained by the use of iron filings and acetic acid, but even under 
these conditions the product was contaminated with appreciable 
quantities of a less basic substance. 

The nitro-compound (6-4 grams), dissolved in 15 c.c. of glacial 
acetic acid, was gradually added to 15 grams of iron filings covered 
with 50 grams of 80 per cent. acetic acid. The mixture was gently 


heated during the addition of the nitrodibutylbenzene and for a | 


period of one hour after all the nitro-compound had been added. 
The bulk of the acetic acid was removed by distillation, and the crude 
amine isolated by distillation in steam after making the residue 
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‘ing a § alkaline. It was partly purified by conversion into the sparingly 
; was § soluble sulphate, which was extracted with ether. From the sulphate 
neans § a moderately pure specimen of the base was obtained as a colourless 
t with § liquid having a faint yet characteristic odour somewhat resembling 
ig at @ that of mushrooms. The hydrochloride, which is soluble in water 
10-95, § or chloroform, separated from dilute hydrochloric acid in white, 
After J flattened needles. 

= 113 2-Benzoylamino-1 : 4-di-n-butylbenzene, after repeated crystallisa- 
in the § tion from alcohol, separated in white masses of needles melting at 
ounts § 116° (Found: C= 81-4; H = 8-6. C,,H,,ON requires C = 81-5; 
butyl. | H = 8-8 per cent.). 

re-like 
We desire to express our thanks to the Advisory Council of the 
) was | Department of Scientific and Industrial Research for a grant which 
; until § has partly defrayed the expense of this investigation. 
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. oo CCXVII.—The Nitro- and Amino-derivatives of 
dour, 4-Phenylglyoxaline. 
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ry By Reernatp Linpsay Grant and Frank Lee Pyman. 


quires 7 Tue laws of substitution in the glyoxaline nucleus, and the proper- 
ties conferred by it upon substituents in the 2- and 4- (or 5-) 
positions have been the subjects of previous papers by one of us 
, and Dr. R. G. Fargher, and are being further investigated in these 
loride, laboratories. ‘The present work was carried out with the object of 
_ Were Tcontributing to our present scanty knowledge of the somewhat 
were Junstable 4-aminoglyoxalines. The simplest member of the series 
under is unknown, and the only substance which is known certainly to 
ciable belong to this class is 4-amino-5-methylglyoxaline (Fargher, T., 
11920, 117, 668), although the same author (loc. cit.) has shown 
jthat the reduction product of 4-p-bromobenzeneazo-2-phenyl- 
wvered Helyoxaline (Fargher and Pyman, T., 1919, 115, 258) is probably 
gently P-amino-4-(5’-bromo-2’-aminopheny])-2-phenylglyoxaline. 
for ®] Tt was thought that a 4-amino-derivative of a 5-phenyl (or sub- 
dded. (itituted phenyl)-glyoxaline might be stable and consequently 
crude t-phenylglyoxaline was chosen as the starting material. This 
esidue Fubstance has been prepared previously by Pinner (Ber., 1902, 35, 
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4131) by the action of ammonia on phenylglyoxal, but is more 
conveniently prepared by the application of Gabriel’s method 
(Ber., 1894, 27, 1037) for the synthesis of glyoxalines, a method 
which has been employed for the synthesis of derivatives of 
4-phenylglyoxaline, substituted in the benzene nucleus, by Stephen 
and Weizmann (T., 1914, 105, 1046). 

The interaction of -aminoacetophenone hydrochloride and 
potassium thiocyanate leads through w-aminoacelophenone thiocyanat: 
to 2-thiol-4-phenylglyoxaline, which readily gives 4-phenylglyoxaline 
on oxidation. 

Nitration of this substance, conveniently effected by dissolving 
its nitrate in sulphuric acid and heating the solution, yields a mixture 
of two mononitro-derivatives, which give on oxidation o- and 
p-nitrobenzoie acids respectively and are therefore 4-o- and 4-p. 
nitrophenylglyoxalines (L and II). 


CH—NH CH—NH 
/ Nt nC No.f S¢——n2CH 
Xo : op a 

4 9 


(1.) (I1.) 


Further nitration of 4-p-nitrophenylglyoxaline by the same 
method effects the introduction of a nitro-group into the glyoxaline 
nucleus, for the dinitrophenylglyoxaline obtained in this way yields 
p-nitrobenzoic acid almost quantitatively on oxidation. The fact 
that glyoxalines can be nitrated in the 4- (or 5-) but not in the 
2-position indicates that this substance is 5-nitro-4-p-nitropheny!- 
glyoxaline (III) and confirmation of this view was obtained by the 
complete reduction of the substance, when a diamino-4-pheny!. 
glyoxaline resulted which was not identical with 2-amino-4-)- 
aminophenylglyoxaline (Fargher and Pyman, Joc. cit.), and was 
consequently 5-amino-4-p-aminophenylglyoxaline (IV). — The 
dihydrochloride of this base is stable in aqueous solution, but 
undergoes decomposition when heated with hydrochloric acid at 
170°, yielding ammonia and p-aminophenylaminoacetic acid (V). 


NON cH > ey AH cH 
NOX >¢—n7 NH, >¢—w7 
(III.) (IV.) 
0,H 
NH,-C,HyCH-NH, 
(V.) 


A further study of the preparation and properties of the diamine 
is contemplated. 
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Partial reduction of 5-nitro-4-p-nitrophenylglyoxaline by means 
of alcoholic ammonium sulphide led to the isolation of 5-nitro- 
4-p-aminophenylglyoxaline (VI), the constitution of which follows 
from the facts (1) that its acetyl derivative gave a small quantity 
of p-acetylaminobenzoic acid on oxidation; (2) that it was un- 
affected by concentrated hydrochloric acid at 170°, unlike the 
diamine. Replacement of the amino-group of this substance by 
the hydroxy-group gave 5-nitro-4-p-hydroxyphenylglyoxaline (VII). 


NO *C—NH\ NO,°C — 
a ae a  — oe .. 
NH tC“ HO YX NZ 
(VI.) (VIL.) 


In the course of this work, it was found that 4-phenylglyoxaline 
and its mononitro-derivatives gave the corresponding N-benzoyl 
derivatives when submitted to benzoylation by the Schotten- 
Baumann method, whereas in all previous applications of this 
method of benzoylation to glyoxalines, either derivatives of 
dibenzoylaminoethylene have been obtained, as in the case of 
glyoxaline itself (Bamberger and Berlé, Annalen, 1892, 273, 342) 
and 4-methylglyoxaline (Windaus and Knoop, Ber., 1905, 38, 1166), 
or the substance has been recovered unchanged (Windaus, Ber.. 
1909, 42, 758; 1910, 43, 499). 


EXPERIMENTAL. 


2-Thiol-4-phenylglyoxaline. 


Concentrated aqueous solutions containing 30 grams of w-amino- 
acetophenone hydrochloride and 17 grams of potassium thiocyanate 
respectively were mixed, and the liquor (L) evaporated to dryness 
on a water-bath. The residue was extracted with water, when 
245 grams of crude 2-thiol-4-phenylglyoxaline remained in the 
form of small reddish-brown plates, melting at 254°. The yield 
thus amounts to 79 per cent. of the theoretical. After recrystallisa- 
tion from alcohol (with the aid of animal charcoal), the substance 
was obtained in colourless plates, melting at 261° (corr.) (Found : 
C= 61-5, 61-4; H = 4-8, 4-5; N = 158, 15-7. C,H,N,S requires 
C= 613; H=46; N=15-9 per cent.). It is very sparingly 
soluble in cold water, readily soluble in acetone or alcohol, less 
readily so in ether, and very sparingly soluble in chloroform or 
benzene. 

It is soluble in concentrated hydrochloric acid, forming a hydro- 
chloride, which crystallises in clear prisms melting at 252° (corr.) 
and dissociates on the addition of water. It is soluble in dilute 
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aqueous ammonia or sodium hydroxide, but not in cold aqueous 
sodium carbonate. It gives a cherry-red colour with sodium 
diazobenzene-p-sulphonate in the presence of sodium carbonate, 
The picrate is obtained in garnet-red, hexagonal tablets, melting 
at 182° (corr.), on mixing molecular proportions of the constituents 
in concentrated absolute alcoholic solution. When dissolved in 

hot water, it dissociates into its components. 
| An intermediate product in the preparation of 2-thiol-4-phenyl- 
! glyoxaline can be isolated by concentrating the liquor (L) to a 
small volume under diminished pressure, when on cooling w-amino- 


acetophenone thiocyanate separates in long, colourless needles, it 
; melting at 135° (corr.) (Found: C = 55-5, 55:6; H = 53, 52; ff 
f N = 14-2, 14:2. C,H,ON,S requires C= 556; H = 52; con 


. N = 14-4 per cent.). It is readily soluble in water, and is unstable, 
being readily converted into 2-thiol-4-phenylglyoxaline by heating 
at 100°. The possibility that this compound was the isomeric 
thiocarbamide is eliminated by the fact that it gives a deep red 
colour with ferric chloride, and can be readily converted into 
w-aminoacetophenone picrate, which melts at 174° (corr.). 


RES 2g hE 


4-Phenylglyoxaline. 4 

elong 

Twenty-four grams of crude 2-thiol-4-phenylglyoxaline (m. p. § gtate 
254°) were added slowly to 480 c.c. of gently boiling 10 per cent. § jnfy, 
nitric acid. After being boiled for another fifteen minutes, the § jp 4, 
liquor was kept and deposited 25 grams of crude 4-phenylglyoxaline § gojy} 
nitrate melting at 170°, that is, 88 per cent. of the theoretical § sojy} 
yield. or | 
This nitrate separates from water in long, pale yellow, prismatic § y — 
needles, which melt at 179° (corr.). It is soluble in about 8 parts Jy — 
of boiling water, is feebly acid to litmus, and is anhydrous (Found: § J; ; 
N = 20-4, 20:3. C,H,N,,HNO, requires N = 20-3 per cent.) Btions, 
The corresponding base was found to melt at 128° (corr.); Pinner 9 Tt giy 
(loc. cit.) gives 128—129°. in the 
The hydrochloride forms long, colourless needles, which melt at§ Tp, 
180° (corr.) and are very readily soluble in water. The hydrogen § yelloy 
ovalate crystallises from water in broad needles, which melt at His yoy 
199° (corr.), and are only moderately readily soluble in cold water. § (Foun 
The picrate forms long, yellow needles, which melt at 216° (corr-), per c¢ 
and are soluble in about 140 parts of hot water. The 
4-Phenylglyoxaline gives a deep cherry-red colour with sodium fin pa) 


diazobenzene-p-sulphonate in the presence of sodium carbonate. 
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Nitration of 4-Phenylglyovaline. Isolation of 4-0- and 
4-p-Nitrophenylglyoxalines. 


Twenty grams of 4-phenylglyoxaline nitrate were added to 
40 c.c. of sulphuric acid, the temperature of the mixture being kept 
below 30°. The product was heated under reflux for two hours on 
a water-bath, then diluted with 400 c.c. of water, heated to about 
60°, and neutralised by the addition of, first, sodium hydroxide, 
then sodium carbonate. From the hot solution, 16-8 grams of crude 
4-p-nitrophenylglyoxaline, melting at 218°, separated, whilst the 
filtrate on cooling deposited 1-7 grams of the crude ortho-isomeride, 
melting at 134°, a further small quantity of this being obtained on 
concentrating the liquor. The various crops were converted into 
the nitrates and fractionated, the bases being then regenerated 
from the salts and recrystallised. In the case of the ortho-com- 
pound, crystallisation of the hydrochloride also was effective. 
By these means, there were isolated in a pure state 12-7 grams 
of 4-p-nitrophenylglyoxaline and 4-6 grams of 4-o-nitrophenylgly- 
oxaline, the yields amounting to 69 and 25 per cent. of the theoretical 
respectively. 

4-0-Nilrophenylglyoxaline crystallises from alcohol in pale yellow, 
elongated, glistening plates, which melt at 146° (corr.). In the dry 
state this base (but not its salts) rapidly turns green under the 
influence of light, and in strong sunlight becomes dark olive-green 
in the course of half an hour. It is insoluble in cold, but sparingly 
soluble in hot, water, very readily soluble in alcohol or acetone, 
soluble in ether or chloroform, and sparingly soluble in benzene 
or light petroleum (Found: C =.57-1, 570; H=3-9, 3-7; 
N= 22:3, 22-3. C,H,O,N, requires C=57-1; H=3-7; 
N = 22-2 per cent.). 

It is readily soluble in dilute mineral acids giving colourless solu- 
tions, and in caustic alkalis giving yellow to deep orange solutions. 
It gives a cherry-red colour with sodium diazobenzene-p-sulphonate 
in the presence of sodium carbonate. 

The hydrochloride crystallises from water in large, clear greenish 
yellow prisms which melt at 203° (corr.) and are anhydrous. It 
is very easily soluble in water, giving a strongly acid solution 
(Found: Cl = 15-5, 15-6. C,H;O,N,, HCl requires Cl = 15-7 
per cent.). 

The nitrate erystallises from water, in which it is easily soluble, 
in pale yellow needles, which decompose at about 168° (corr.), 
and are anhydrous (Found: N = 22-2. C,H,O,N;,HNO, requires 
N = 22.2 per cent.). 

4-p-Nitrophenylglyoxaline crystallises from alcohol in canary- 
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yellow needles, which melt at 225° (corr.). It is insoluble in water, 
even hot, readily soluble in alcohol or acetone, sparingly soluble 
in ether or chloroform, and only very sparingly so in benzene or 
light petroleum (Found: C = 56-9, 57-0; H = 3-9, 3-7; N = 22.2, 
22:2. C,H,O,N, requires C= 57:1; H=3-7; N = 22-2 per 
cent.). 

It is readily soluble in dilute mineral acids giving colourless solu- 
tions, and in caustic alkalis giving yellow to deep orange solutions. 
It gives a cherry-red colour with sodium diazobenzene-p-sulphonate 
in the presence of sodium carbonate. 

The hydrochloride forms very pale buff needles from alcohol. 
It melts at 292° (corr.) and is anhydrous. It is very easily soluble 
in water giving a strongly acid solution, and easily soluble in hot 
alcohol (Found : C = 47-7; H = 3-6; N = 18-6, 18-7; Cl = 15-7. 
C,H,0,N;,HCl requires C = 47-9; H = 3-6; N = 18-6; Cl=157 
per cent.). 

The nitrate crystallises from water in pale yellow needles, which 
melt at 200° (corr.). It is soluble in about 25 parts of boiling water 
and is anhydrous (Found: N = 22-2. C,H,O,N,,HNO, requires 
N = 22-2 per cent.). 


Nitration of 4-p-Niirophenylglyoxaline. Isolation of 5-Nitro-4- 
p-nitrophenylglyoxaline. 


Twenty grams of 4-p-nitrophenylglyoxaline nitrate were added to 
40 c.c. of sulphuric acid, and the mixture was heated under reflux 
for two hours on a water-bath. After cooling, the mixture was 
diluted with 400 c.c of water, when a cream-coloured precipitate 
was obtained. This was extracted with hot dilute hydrochloric 
acid and left 17-2 grams of the nearly pure dinitro-compound, whilst 
0-9 gram of pure 4-p-nitrophenylglyoxaline was isolated from the 
mother-liquors. The yield, allowing for the recovered material, is 
almost quantitative. 

5-Nitro-4-p-nitrophenylglyoxaline crystallises from alcohol in 
colourless needles which melt at 293° (corr.). It is insoluble in cold 
and very sparingly soluble in boiling water, fairly easily soluble 
in alcohol or acetone, sparingly soluble in ether, and very sparingly 
so in chloroform (Found : C = 46-0, 46-1; H = 2-6, 2-€; N = 244, 
24-1. C,H,O,N, requires C= 461; H=2-6; N= 23-9 per 
cent.). 

It is soluble in strong mineral acids, but is precipitated unchanged 
on the addition of water; it dissolves in dilute aqueous ammonia, 
sodium carbonate, or sodium hydroxide, giving yellow solutions. 
The sodium, potassium, and ammonium salts form pale yellow 
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needles and are sparingly soluble in cold water. It gives no colora- 
tion with sodium diazobenzene-p-sulphonate in the presence of 
sodium carbonate. 

The nitrate crystallises from 50 per cent. nitric acid in large, flat 
needles. It dissociates on treatment with water, or when heated 
at 100°, the residue consisting of the base (Found: loss at 
100° = 21:2. CyH,O,N,,HNO, requires loss of HNO, = 21-2 per 
cent.). . 


Benzoylation of 4-Phenylglyoxaline and its Nitro-derivatives. 


When treated with benzoyl chloride and aqueous sodium hydr- 
oxide at the laboratory temperature, 4-phenylglyoxaline and its 
o- and p-nitro-derivatives gave benzoyl derivatives, which, after 
washing with a little ether, were obtained in yields of 90—97 per 
cent. of the theoretical, the crude products melting at 120°, 97°, 
and 176° respectively. After recrystallisation from alcohol, the 
products were as follows : 

1-Benzoyl-4 (or 5)-phenylglyoxvaline (A).—Colourless needles 
melting at 132° (corr.) (Found: C = 77-2, 77-4; H= 4-8, 4-9; 
N= 11-1,11-2. C,,H,,ON, requires C = 77-4; H = 4:9;N = 11:3 
per cent.). 

1-Benzoyl-4 (or 5)-o-nitrophenylglyoxaline (B).—Elongated plates, 
which melt at 100—101° (corr.) (Found : C = 65-4, 65:4; H = 3-8, 
37; N= 14-2, 14-2. C,,H,,0,N, requires C = 65-5; H = 3:8; 
N = 14:3 per cent.). 

1-Benzoyl-4 (or 5)-p-nitrophenylglyoxaline (C).—Pale yellow, 
flat needles, melting at 182° (corr.) (Found : C = 65-5, 65-4; H = 3-9, 
38; N= 14-2, 14-2. C,,H,,0O,N, requires C = 65-5; H = 3:8; 
N= 14:3 per cent.). 

The three benzoyl derivatives are insoluble in water or dilute 
aqueous sodium hydroxide, easily soluble in hot alcohol, and 
sparingly soluble in ether. They differ in stability. A pure sample 
of A, kept for four weeks in a well-corked bottle, had become 
almost converted into an oil, from which 4-phenylglyoxaline and 
benzoic acid were isolated. Moreover, this substance can be recrys- 
tallised from alcohol only in small yield owing to hydrolysis. B 
and C are stable when pure, and C is decomposed to a much smaller 
‘xtent than A on boiling with alcohol, whilst B scarcely suffers 
hydrolysis under these conditions. All three compounds are rapidly 
hydrolysed by hot dilute hydrochloric acid. 

5-Nitro-4-p-nitrophenylglyoxaline was recovered unchanged after 
teatment with benzoyl chloride and aqueous sodium hydroxide. 
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Oxidation of the Nitro-derivatives of 4-Phenylglyoxaline. 


The nitro-derivatives of 4-phenylglyoxaline (1/100 gram-mol.) 
were dissolved in 250 c.c. of boiling water containing one equivalent 
of potassium hydroxide, and oxidised with the calculated quantity 
(4-2 grams) of potassium permanganate. Under these conditions 
4-p-nitrophenylglyoxaline and _ 5-nitro-4-p-nitrophenylglyoxaline 
each gave p-nitrobenzoic acid in almost quantitative yield; the 
crude acid (of which the main crops melted at 232° and 226° in the 
two cases) amounted to 1-65 grams in each case and readily gave the 
pure acid, which melted at 237° (corr.), alone and when mixed with 
a reference specimen. 4-c-Nitrophenylglyoxaline under the same 
conditions gave an oily acid which reduced permanganate, and on 
further treatment with this reagent gave o-nitrobenzoic acid, 
melting at 147° (corr.), alone or mixed with a reference specimen, in 
a yield of 45 per cent. of the theoretical. 


5-Amino-4-p-a minophenylglyoxaline. 


Seven grams of 5-nitro-4-p-nitrophenylglyoxaline were gradually 
added to a solution of 42 grams of hydrated stannous chloride in 
105 c.c. of hydrochloric acid, the temperature being kept below 
15°. The crystalline stannichloride, which separated on heating, 
was deprived of tin, when 2-8 grams of 5-amino-4-p-aminopheny!- 
glyoxaline dihydrochloride were obtained, that is, 37 per cent. of 
the theoretical yield. 

5-Amino-4-p-aminophenylglyoxaline dihydrochloride erystallises 
from water in colourless, prismatic needles, which darken at about 
260°, but do not melt at 300°. This salt is anhydrous, very easily 
soluble in water, and very sparingly so in absolute alcohol (Found: 
C = 43-6, 43-6; H = 5-1, 5-0; N = 22-5, 22-5; Cl = 28-8, 294. 
C,H, oN,,2HCl requires C = 43:7; H= 4:9; N = 22-7; Cl = 284 
per cent.). Aqueous solutions of the salt give (1) with alkalis, no 
precipitate, but slowly become oxidised in the air, turning pink an¢ 
then purple; (2) with nitrous acid, a yellow solution which gives 
with aqueous sodium hydroxide a clear purple-red solution, an 
with aqueous sodium §-naphthoxide a sparingly soluble, purpl 
precipitate; (3) with sodium diazobenzene-p-sulphonate in the 
presence of sodium carbonate, a deep reddish-brown solution; 
(4) with sodium nitroprusside, no colour, but on subsequent addition 
of sodium hydroxide, an intense dull-brown solution; (5) will 
sodium acetate and benzaldehyde, a yellow, crystalline benzyliden' 
derivative; (6) with picric acid, a picrate, which crystallises frou 
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water in greenish-yellow needles and does not melt at 300°; (7) with 
sulphuric acid, a very sparingly soluble sulphate forming colourless, 
glistening needles. 

Action of Hydrochloric Acid at 170°.—One gram of the diamine 
dihydrochloride and 10 c.c of concentrated hydrochloric acid were 
heated for three hours at 170°. The product consisted of 0-7 gram 
of colourless crystals and a mother-liquor which gave a residue of 
0-6 gram, largely ammonium chloride. The mode of formation and 
the properties of the former substance indicate that it is p-amino- 
phenylaminoacetic acid dihydrochloride. It was recrystallised from 
dilute hydrochloric acid and formed colourless, prismatic needles 
which did not melt at 280°, and were anhydrous (Found : Cl = 29-9. 
(,H,9O0.N,,2HCl requires Cl = 29-7 per cent.). It was easily 
wluble in water and strongly acid. After diazotisation, it coupled 
with 8-naphthol. When mixed with sodium acetate in concen- 
trated aqueous solution until no longer acid to methyl-orange, the 
sparingly soluble monohydrochloride separated in colourless, glisten- 
ing plates which had no sharp melting point, but began to turn 
brown at about 200° and were completely decomposed at 250° 
(Found: C = 47-4; H= 5-4; N= 13-8. C,H,)0,N,,HCl requires 
C= 47-2; H= 5:5; N = 13-7 per cent.). 


5-Nitro-4-p-aminophenylglyoxaline. 


Five grams of 5-nitro-4-p-nitrophenylglyoxaline were dissolved 
in 700 c.c of alcohol and 25 c.c. of aqueous ammonia (d 0-880), and 
hydrogen sulphide was passed through the solution for two hours. 
The solution was then boiled under reflux for half an hour and kept. 
The red precipitate was collected, and extracted with 10 per cent. 
aqueous hydrochloric acid, which removed 3-2 grams of nitro- 
aminophenylglyoxaline dihydrochloride, that is, 53 per cent. of the 


‘0.8 theoretical yield. 


5-Niiro-4-p-aminophenylglyoxaline dihydrochloride crystallises from 
dilute hydrochloric acid in yellow, prismatic needles, which turn red 
at about 220° and decompose at about 250° (corr.) (Found : 


om C= 38-9, 38-9; H = 3-8, 36; N = 20-2, 20-2; Cl = 25-3, 25-4. 


(,H,O,N,,2HCI requires C = 39-0; H = 3-6; N = 20-2; Cl = 25-6 


“@ per cent.). It is easily soluble in dilute hydrochloric acid, but 
*§ dissociates on the addition of water, yielding the base as a bright 
§ rracotta precipitate, almost insoluble in water or the usual organic 


solvents, even when hot (Found: in base dried at 100°, C = 52:8, 
26; H = 3-9, 3-8; N = 27:3, 27-3. C,H,O,N, requires C = 52-9; 


a= 4.0; N = 27-5 percent.). This is soluble in sodium hydroxide 


% ammonia (but not in sodium carbonate), giving yellow to 
37T*2Z 
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red solutions; the sodium salt crystallises from water in red ate 
needles. rec 
Solutions of the hydrochloride in dilute hydrochloric acid give 
(1) no change in colour on the addition of sodium nitrite, but on 
adding this solution to aqueous sodium hydroxide, a deeper yellow ane 
colour, and on adding it to aqueous sodium -naphthoxide, a y 
reddish-brown solution, (2) on the addition of aqueous sodium 
hydroxide, a reddish-brown colour with sodium diazobenzene-p. 
sulphonate in aqueous sodium carbonate. 
The dihydrochloride is recovered unchanged after heating with 
10 parts of concentrated hydrochloric acid for two and a half hours 
at 170°. - 
5-Nitro-p-acetylaminophenylglyoxaline, prepared by heating the CC 
above dihydrochloride with acetic anhydride and sodium acetate, 
forms a bright yellow powder, which does not melt at 280°, and | 
is almost insoluble in water and the usual organic solvents, even I 
when hot. It dissolves in concentrated hydrochloric acid, but is § py, 
reprecipitated on diluting the solution. It is soluble in aqueous § ;,,, 
ammonia, sodium carbonate, or hydroxide (Found : in substance § 4). 
dried at 100°, C = 53-5, 53-6; H=4-4, 4:2; N = 22-7, 226. @ ,,. 
C,,H1)0,N, requires C = 53-6; H= 4-1; N = 22-8 per cent.). ado 
Oxidation —2-46 Grams of the acetyl derivative were dissolved J 4,4. 
in a solution of 0-56 gram of potassium hydroxide in 100 c.c. of water B mea, 
mixed with a solution of 4-2 grams of potassium permanganate in J howe 
105 c.c. of water, and heated for three-quarters of an hour on the acety 
water-bath. The manganese hydroxide having been removed, the parti 
liquor was acidified with hydrochloric acid, filtered from 0-3 gram § coy, 
of apparently unchanged acetyl derivative, and extracted with § jiperg 
ether. The ethereal extract was evaporated and gave 0-1 gram of WI 
crude p-acetylaminobenzoic acid, melting at 240°. After purifica- 9 cap), 
tion, a small amount of the pure acid was obtained melting at 260° 1868, 
(corr.), alone or when mixed with a specimen of the pure acid from § yoi4, 
another source. The identification was confirmed by hydrolysis § made 
to p-aminobenzoic acid, which melted at 190° (corr.), alone OF & aoiq j, 
mixed with a specimen of the pure acid from another source. of this 
5-Nitro-4-p-hydroxyphenylglyoxaline separates as a sandy powder 1900, | 
in good yield when 5-nitro-4-p-aminophenylglyoxaline dissolved in § jp gla 
excess of 20 per cent. aqueous sulphuric acid is treated with the J ammo 
equivalent quantity of sodium nitrite, at the ordinary temperature, § react, 
and the solution is heated and kept. It crystallises from about § ang ¢, 
1000 parts of boiling water in golden, feathery needles which 40 § ang nj 
not melt at 300°. It is soluble in moderately concentrated acids § , mixt 
when hot, and yields a crystalline hydrochloride with concentrated ff reacts 
hydrochloric acid. It is soluble in alkalis, even in sodium carbon: § Wallis 
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ate, with a deep red colour (Found: N= 19-9. C,H,O,N, 
requires N = 20-5 per cent.). 


We are indebted to Miss Esther Levin, M.Sc. Tech., for several 
analyses carried out in connexion with this investigation. 


MuNICIPAL COLLEGE or TECHNOLOGY, 
UNIVERSITY OF MANCHESTER. | Received, October 20th, 1921.] 


CCXVIII.—The Explosion of Acetylene and Nitrogen. 
Part 1, 


By WiLttiAM EDWARD GARNER and Kicnimmatsv Matsuno. 


THE observations of Berthelot form the basis of almost every 
investigation into the phenomena of explosive processes, and it is 
thus not surprising that the reaction between acetylene and nitrogen 
was first studied by this great chemist. Berthelot showed that 
endothermic substances like acetylene, cyanogen, arsenic trihydride, 
and nitric oxide were readily detonated at atmospheric pressure by 


means of a fulminate detonator. The detonation could not, 
however, be brought about by an electric spark, in the case of 
acetylene, unless the pressure exceeded two atmospheres. A 
partial decomposition of the acetylene into carbon and hydrogen 
occurred during sparking, but the heat of decomposition was not 
liberated sufficiently quickly to start the explosion wave. 

When acetylene and nitrogen are sparked at atmospheric pressure, 
carbon and hydrocyanic acid are produced (Berthelot, Compt. rend., 
1868, 67, 1141). The decomposition of carbon can, however, be 
avoided and the conversion of acetylene into hydrocyanic acid 
made quantitative, in the presence of an excess of hydrogen, if the 
acid is removed by alkali as soon as it is formed. A further study 
of this reaction was made by Mixter (Amer. J. Sci., 1900, [iv], 9, 1; 
1900, [iv], 10, 299), who exploded mixtures of acetylene and nitrogen 
in glass manometers and steel vessels. Both hydrocyanic acid and 
ammonia were found in the products of explosion. The primary 
reaction is probably the decomposition of acetylene into hydrogen 
and carbon, and this is followed by a reaction between the products 
and nitrogen. At the moment of explosion, among other substances, 
4 mixture of carbon, hydrogen, and nitrogen is obtained, which 
reacts to give hydrocyanic acid and ammonia. The results of 
Wallis (Annalen, 1906, 345, 356) and Wartenberg (Zeitsch. anorg. 
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Chem., 1907, 52, 299) on the equilibrium between carbon, hydrogen, 
and nitrogen will thus be of interest. In these experiments with an 
equimolecular mixture of hydrogen and nitrogen it was found that 
about 40 per cent. of hydrocyanic acid was produced at 3300° and 
4 per cent. at 1830°. 

In many modern explosives, the deficiency of oxygen is so large 
that carbon is one of the products of detonation. During the 
cooling of the gases by radiation and by the work done on the con- 
tainer, this carbon reacts with the nitrogen present in the explosive 
to give hydrocyanic acid. The percentage of this gas in the gaseous 
products may be quite large, as was shown by Berthelot and Veille 
in the case of the detonation of benzenediazonium nitrate; 3-2 per 
cent. of the total gases was hydrocyanic acid. ‘Trinitrotoluene also 
gives large quantities of hydrocyanic acid on detonation. 

The products of an explosive decomposition are very largely 
determined by the rate of cooling; the slower the rate of cooling 
of the gases the lower the temperature at which the “ chilling ” of 
the gaseous equilibria takes place. This is of special importance in 
the hydrocyanic acid equilibria in the gases from explosives, for 
during the cooling a portion of the carbon liberated at the higher 
temperatures disappears according to the reaction : 

CO, + C = 2C0. 

The presence of oxygen in the gases introduces a complication 
into the nitrogen equilibria, which makes their investigation 
difficult. 

It was with the view of throwing light on these complex equilibria, 
occurring during cooling, that this investigation was undertaken. 
It was considered that the explosion of acetylene with nitrogen or 
of cyanogen with hydrogen would give rise to conditions which, 
while being similar to those occurring in the explosion of high 
explosives, would be free from the complications due to the presence 
of oxygen. The effect of the addition of oxygen to the mixture 
could then be studied. 


EXPERIMENTAL. 


(a) Materials —The acetylene was obtained from a solution of 
this gas in acetone kindly supplied by Allen Liversidge, Ltd. 
Except for the presence of acetone, the gas was almost free from 
impurities; the first fraction gave 1—2 per cent. of hydrogen and 
nitrogen, but these constituents rapidly diminished to a negligible 
quantity as the acetylene was consumed. The percentage of 
acetylene in the gas liberated is calculated to be approximately 
0-5 per cent. at a pressure in the cylinder of 20 atmospheres. It # 
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thus possible that the gas contained 0-25 per cent. of oxygen, and 
since the larger portion of this will be burnt to carbon monoxide, 
the amount of water produced on explosion will be very small. 
This small quantity of water formed on explosion, however, makes 
the analysis more difficult, for a mixture of hydrocyanic acid and 
ammonia in the presence of moisture attacks mercury. 

The nitrogen was prepared from ammonium sulphate and sodium 
nitrite in aqueous solution in the presence of potassium dichromate 
(Veley, T., 1903, 83, 736); in addition, a little litharge was added. 
The nitrogen was stored over a suspension of ferrous hydroxide in 
water to remove nitric acid and to prevent the entrance of oxygen 
from the air, and was finally dried over phosphoric oxide. The 
mixtures of nitrogen and acetylene were analysed in a constant- 
volume apparatus. 

(b) Bomb.—Preliminary experiments showed that dry hydro- 
cyanic acid and ammonia were without action on the metals em- 
jloyed in the construction of pressure vessels, and there appeared to 
be no objection to the use of phosphor-bronze as a bomb material. 
Aphosphor-bronze bomb, similar in design to that used by Wheeler 
(1, 1918, 443, 855), but with 3/8 inch in thickness of walls and 
wihout the manometer, was obtained from Chas. Cook, the Man- 
chester University Engineering Works. This was 3-988 litres in 
capacity and held a vacuum for twenty-four hours without appreci- 
able leakage. A little vaselin was all that was necessary to make 
the joint gas-tight. It was found, however, that a loss of gas 
ocurred at the large joint (annealed copper washer) at the moment 
ofexplosion, but as the joint held a vacuum after the experiment, 
ths leakage was not a serious disadvantage. 

ic) Measurement of Pressures——Before the gas was introduced, 
the bomb was evacuated to a pressure of 1 mm. by means of a 
(meo-Nelson oil-pump, and the pressure read off on a small McLeod 
guge. The dry nitrogen was then introduced, and since the 
pressure did not reach 1 atmosphere, the measurement of this 
dfered no difficulty. The acetylene was introduced directly into 
the bomb up to a pressure of 3-4 atmospheres, and after allowing 
time for the mixing of the gases, a sample was taken for analysis 
and the pressure measured accurately. For this purpose a new 
type of manometer was constructed, capable of reading up to five 
atmospheres. The principle adopted was to expand a known 
volume of the gas, at the pressure in the bomb, to approximately 
atmospheric pressure and to measure the new pressure on a mercury- 
glass manometer. A diagram of the manometer is given in Fig. 1, 
The apparatus consists of a series of glass bulbs A to B closed at 
both ends by two glass-to-metal taps A and B (J. Soc. Chem. Ind., 
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1920, 39, 2477) and attached to the manometer Z. The volumes 
enclosed by mercury between the blue-glass tips a, b, c, and d and 
the tap A, were accurately determined. 

Before the experiment, the apparatus is filled with mercury up 
to the tip a, and the tap B is closed. The gases from the bomb 
are then admitted into the first bulb, and the tap A is closed. Since 
in these experiments the pressure of the gas was 3—3-5 atmo. 

spheres, it was allowed to ex. 
Fic. 1. pand to the blue pointer, c, by 
opening the tap B and adjusting 
the level in #. The pressure 
was calculated from this level 
and the ratio of the volume of 
the bulbs. No correction was 
applied for the increase in 
volume in the first bulb, due to 
the compression of merewy 
and glass, since the order of 
accuracy required was less thin 
1 in 1000. 


Explosion of Gases. 


The explosive mixture vas 
fired by the fusion of thin inn 
wire placed across the terminis 
in the centre of the bonb. 
Occasionally loss of gas occurnd 
on explosion, which was @- 
tected by the smell of hydn- 
eyanic acid. The joint, hov- 
ever, tightened up immediatey 
and held a vacuum after tle 
experiment. The bomb wa 
distinctly warm to the hant 
after the explosion, and a 
marked difference in the temperature of the thin metal parts was 
observed in experiments on the explosion of pure acetylene and that 
of a mixture containing 20 per cent. of nitrogen. 

This behaviour would be explained by different rates of burning 
of the acetylene and nitrogen mixture. In experiment XIV, with 
14 per cent. of nitrogen, it is evident that the explosion was incom- 
plete. 
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Analysis and Measurement of Volume of Gases. 


On account of the loss of gas (0°5 per cent.), the volume of the 
gases Was measured after the explosion. The gases were led through 
bubblers (A, Fig. 2) to remove hydrocyanic acid and ammonia, 
into a large aspirator, F/, fitted with a water manometer. The 
pressure in the aspirator was maintained at atmospheric, throughout, 
and the volume of the gases was measured by a determination of 
the water displaced. The first litre of gas, containing air from the 
bubblers, was measured and rejected. The remainder of the gas 
was collected in the aspirator and a portion’ analysed as a check. 
Some acetylene dissolved in the water, and the percentage of this 
gas was therefore low. For comparison, a sample was taken 


Re —s 
) 


i 


directly from the bomb after the pressure had fallen to two atmo- 
spheres, and except for the slight difference due to the removal of a 
portion of acetylene in the first sample, the two analyses were in 
good agreement. 

The gases in the bomb were dealt with in this way at pressures 
from three down to one atmosphere. From this point they were 
removed by means of a Toepler pump, B. On account of the small 
amount of water present, it was important to eliminate the hydro- 
cyanic acid, ammonia, and water by means of liquid air, D, before 
passing the gases through the pump. The latter were collected at 
the base of the pump and transmitted through the bubblers, C, 
containing dilute acid and alkali, to the aspirator. 

The total volume of the gases obtained in this manner, corrected 
for the vapour pressure of water and reduced to N.T.P., was used in 
calculating the percentages of ammonia and hydrocyanic acid. 

The evacuation was carried out down to 2—3 mm., dry air 
admitted, and the bomb further evacuated. This was done as a 
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precaution, but the quantities of hydrocyanic acid removed at this 
stage were negligible. 

The gases condensed in D wete evaporated into the bubblers, 4, 
and the solutions in C added to the respective solutions in A. The 
amounts trapped in C were negligible, showing that the whole of the 
hydrocyanic acid had been removed by liquid air. 

The connecting tubes were all glass except where joined to the 
metal tube from the bomb by a short length of rubber tubing. 


Hydrocyanic Acid and Ammonia. 


It was found that hydrocyanic acid could be estimated by dis. 
tillation from 0-5 per cent. sulphuric acid solutions without appreci- 
able hydrolysis. The gases could thus be absorbed in a series of 
bubblers, A, containing normal acid and dilute alkali. The acid 
solution containing hydrocyanic acid was then distilled into alkali 
and the whole of the hydrocyanic acid solutions were combined. 
The ammonia was estimated in the usual manner; the back-titration 
method gave the same result as the direct method. The hydro. 
cyanic acid was estimated by (a) silver nitrate with potassium iodide 
as indicator (Denige, “Classen,” Anal. Chem. p. 675), and (b) 
iodometrically (Fordos and Gélis, J. Pharm. Chim., 1853, [iii], 23, 
48). The result obtained in (a) was usually 0-5 per cent. higher 
than that in (b); the mean value was taken. 

The possibility of the loss of hydrocyanic acid by combination 
with the metal of the bomb must not be overlooked, but from the 
ease with which the results were reproduced (these are independent 
of the time the gases remain in the bomb) it appears that no appre- 
ciable action has occurred. Also, the interior of the bomb was as 
bright at the conclusion of these experiments as at the beginning. 
It was anticipated that the liquid hydrocyanic acid collected in the 
liquid-air tubes would show some tendency to polymerisation, 
but this was not found to be the case. 

The carbon residue was analysed for hydrocyanic acid and 
ammonia, but these two gases were not present. 


Permanent Gases. 


The acetylene, hydrogen, and nitrogen in the residual gases were 
estimated in a constant-volume apparatus. Some difficulty was 
experienced in estimating the nitrogen with sufficient accuracy by 
the explosion method. In the later experiments, however, after 
the removal of the acetylene, the hydrogen was absorbed ovet 
copper oxide in a quartz tube, pure carbon dioxide being used to 
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wash out the tube and to drive the gas into the measuring apparatus. 
The percentage of nitrogen was in good agreement with the cal- 
culated value (Table II). A little carbon monoxide could be 
detected in some of the experiments. Benzene and other con- 
densed substances could only have been present in small amounts. 


Discussion of Results. 


The experimental data are given in Tables I and II, the Roman 
numerals indicating the order in which the experiments were 
performed. The results of all the experiments are given. 


TABLE I. 

Initial Total 

per- Initial Final volume 

No. of Initial centage pressure pressure C.c. of C.c. of | of gases 
expt. temp. of N. inatm. inatin. HCN. NH. in ¢.c. 
II 13° 2°97 3°21 3°05 = (168-7) (7°3) 12180 
XII — 3°12 -— 3°24 203-6 14:2 12940 
[ 15 3°15 3°22 3°05 = (123-0) 4-0) 12180 
lil 14 3°29 3°24 3°10 (188-9) (8°0) 12400 
XI 16 5°29 3°24 3°27 282°8 L187 13090 
Vil 13-0 571 3°22 3°25 284°9 16°3 13000 

V 10 9°66 3°26 3°16 340°1 16°8 -- 

VIII 14 9°71 3°33 3°29 356°0 Ba? 13240 
VI 12 10°44 3°26 3°33 362°7 20°6 13310 
IV 12°5 12-06 3°20 3°19 371°4 --- 12750 
IX 14 12°88 - 3°09 360°3 18°3 12370 
XIV = 14°27 -- 3°24 360°3 20°3 12950 
X 15°5 18-04 3°26 3°10 381-0 20°5 12410 
XII 18 22°05 301 2°95 388°2 16°9 12010 


The first three experiments I, II, and III may be disregarded, as 
in these cases the methods of analysis had not been completely 
worked out. With two exceptions the pressures of the mixed 
gases lie between 3-21 and 3-26 atmospheres. It will be observed 
that the volume of the hydrocyanic acid increases with the quantity 
of nitrogen in the gases, whereas the ammonia is almost constant 
throughout. The volume of gases given in the last column of Table I 
includes the hydrocyanic acid and ammonia. 

The carbon deposited in the bomb was removed, mixed with 
copper oxide, and heated in a stream of carbon dioxide, and the 
amount of nitrogen present was determined. The volume of the 
nitrogen which was fixed on the surface of the carbon was certainly 
less than 1 ¢.c., that is, less than 0-01 per cent. of the total gas. 

Since the main chemical reactions, during the explosion and the 
cooling of the gases, are not accompanied by any change in the 
number of molecules of gas, the initial and the final pressures should 
be the same. The values in the fourth and the fifth columns 
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TABLE IT. 
Percentage Composition of the Residual Gases. 


N,. H,. 
Cale. Obs. Cale. Obs. HCN, NH. C,H, 
2:25 (2:39) 936 (93°4) 1:38 0-060 = - 2-76 
2-28 2°41 94°1 94-0 1°57 0-110 1:93 


2-63 —. 94-2 -_ 1-01 0°033 210 
2-49 (2:77) 93-4 (93-1) 1:52 0-065 = 2-34 
4°13 4°34 91-2 91-0 2°17 0143 2°48 
4°55 (4°67) 913 (91-2 2:19 0-125 1-78 
8°25 (8°55) 86°38 (86-0) 2-69 0133 2:63 
8°28 (8°43)* 86:8 86°7* 2°72 0-135 2-11 
9-00 (9°32) = 85°8 (85°5) 2°73 0-154 2-29 
10°61 (10°81) 83-4 (83°7) 2-91 — 2-56 
11:34 (11-49) 83-5 (83°3) 2-92 0-148 212 
12°80 12°46 787 79°0 2°78 0-157 5:53 
16°42 _ 781 a 3°07 0-165 2-94 
20°33 «19°92 74:3 74°7 3°24 0-141 1-96 


* Hydrogen estimated by the palladium method; the other values in 
brackets were obtained by the explosion method. 


Taste IIT. 


No. of N, {[NH,] [NH,] fHCN]? [HCN] 
expt. (Cale.) (HCN) [H,)(HCN) [H,J(N.| — [H,)[N,)"*" 
XIIT 2°28 0-070 0:00074 0O-O115 0°0126 

XI 4°13 0-066 0-00072 0°0125 0°0141 
VII 4°55 0°057 0:00063 0-0116 0°0137 
V 8°25 0°049 0°00057 0-0101 0°0142 
VIII 8°28 0°050 0°00057 0-0103 0°0143 
Vi 9°00 0°057 0:00066 0:0097 0°0141 
IV 10°61 — — 0:0095 0°0145 
IX 11°34 0-051 000061 0-0090 0°0143 
XIV 12°80 0°057 0°-00072 0°0077 0-0138 
xX 16°42 0-053 0-00068 0:0074 0:0140 
XII 20°33 0-044 0:00059 0:0069 0-0143 


(Table I) show the degree of correspondence between the initial and 
the final pressures measured at 0°. In general, the final pressures 
are somewhat lower, except in experiment VI, where it is possible 
that a leak of air inwards occurred during the measurement. The 
difference between the values is due, as previously mentioned, to 
the leak of gas at the moment of explosion. 

In Table II is given the percentage composition of the residual 
gases. The nitrogen and hydrogen figures, columns 2 and 4, are 
obtained by difference, and these may be compared with the ex- 
perimental figures in the next columns. The agreement is within 
experimental error. The explosion method of estimating hydrogen 
was not sufficiently accurate, many results being necessary t 
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obtain the average value given in the tables; consistent results were 
obtained only by burning the hydrogen with oxygen over palladium 
or alone over copper oxide. 

In order to arrive at the gas reaction constants in Table III, the 
calculated percentages of hydrogen and nitrogen have been 
employed. 

In Fig. 3 the percentage of hydrocyanic acid is plotted against 
residual nitrogen. A smooth curve is obtained, which suggests a 
logarithmic relationship, possibly due to adsorption phenomena. 
The ammonia is almost constant throughout. The acetylene in 
the residual gases varies irregularly between 1-15 and 2-76 per cent. 
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(except in experiment XIV: 5-53 per cent.). As a small percentage 
of acetylene, in the neighbourhood of the walls and ignition plugs, 
must escape combustion, this irregularity is to be expected. In 
experiment XIV, however, explosion was less complete than usual. 
Similar percentages of acetylene are, however, frequently found in 
the gases from explosive processes, so that a portion of the acetylene 
in the above experiments is doubtless due to a combination of 
hydrogen and carbon at the high temperatures in the bomb. 


Conclusions. 


The chemical reactions which occur during the explosion of a 
mixture of acetylene and nitrogen are rendered fairly clear by 
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TABLE IT. 
Percentage Composition of the Residual Gases. 
N,. H,. 


Cale. Obs. Cale. Obs. HCN, NH. C.H,. 
2°25 (2°39) 93°6 (93°4) 1°38 0-060 2°76 


2-28 2-41 94:1 94-0 157 0-110 1-93 
2°63 —_ 94:2 _ 1-01 0-033 210 
2:49 (2:77) 934 (93-1) 1-52 0-065 234 
4°13 4°34 91-2 91-0 2°17 0143 2°48 
455 (467) 913 (91-2) 2-19 0-125 1-78 
825 ($55) 863 (86-0) 2-69 0-133 = - 2-63 
828  ($43)* 868 86-7* 272 O185 B11 
900 (932) 85°83 (85°5) 2°73 0-154 = - 2-29 
10°61 (10°81) = 83-4 — (837) 2-91 — 256 
11°34. (11-49) = 835s (83°33) 2-92 0148 = 212 
1230-12-46 787 790 2°78 0-157 5°53 
16°42 —_ 781 — 3-07 0165 2-24 
20°33 = 19-92 74:3 74°7 3°24 0-141 1-96 


* Hydrogen estimated by the palladium method; the other values in 
brackets were obtained by the explosion method. 


Taster IIT. 


No. of N, {NH,] [NH,] [HCN]? [HCN] 
expt. (Cale.) [HCN] ‘[H,)([HCN) [H,j(N,| — (H,){N,)"** 
XIII 2-28 0:070 0:00074 O-0115 0-0126 

XI 4°13 0-066 000072 0°0125 0°0141 
VII 4°55 0°057 0:00063 0-0116 0°0137 
V 8°25 0°049 0°00057 0-0101 0°0142 
VIII 8°28 0-050 0°00057 00103 0°0143 
VI 9-00 0°057 0°00066 0:0097 0°0141 
IV 10°61 — — 0:0095 0-0145 
IX 11°34 0-051 0-00061 0:0090 0-0143 
XIV 12°80 0°057 0:00072 0°0077 0-0138 
X 16°42 0°053 0-00068 0:0074 0-0140 
XII 20°33 0-044 0:00059 0:0069 0°0143 


(Table I) show the degree of correspondence between the initial and 
the final pressures measured at 0°. In general, the final pressures 
are somewhat lower, except in experiment VI, where it is possible 
that a leak of air inwards occurred during the measurement. The 
difference between the values is due, as previously mentioned, to 
the leak of gas at the moment of explosion. 

In Table II is given the percentage composition of the residual 
gases. The nitrogen and hydrogen figures, columns 2 and 4, are 
obtained by difference, and these may be compared with the ex- 
perimental figures in the next columns. The agreement is within 
experimental error. The explosion method of estimating hydrogen 
was not sufficiently accurate, many results being necessary 1 
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obtain the average value given in the tables; consistent results were 
obiained only by burning the hydrogen with oxygen over palladium 
or alone over copper oxide. 

In order to arrive at the gas reaction constants in Table III, the 
calculated percentages of hydrogen and nitrogen have been 
employed. 

In Fig. 3 the percentage of hydrocyanic acid is plotted against 
residual nitrogen. A smooth curve is obtained, which suggests a 
logarithmic relationship, possibly due to adsorption phenomena. 
The ammonia is almost constant throughout. The acetylene in 
the residual gases varies irregularly between 1-15 and 2-76 per cent. 
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(except in experiment XIV : 5-53 per cent.). As a small percentage 
of acetylene, in the neighbourhood of the walls and ignition plugs, 
must escape combustion, this irregularity is to be expected. In 
experiment XIV, however, explosion was less complete than usual. 
Similar percentages of acetylene are, however, frequently found in 
the gases from explosive processes, so that a portion of the acetylene 
in the above experiments is doubtless due to a combination of 
hydrogen and carbon at the high temperatures in the bomb. 


Conclusions. 


The chemical reactions which occur during the explosion of a 
mixture of acetylene and nitrogen are rendered fairly clear by 
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Wartenberg’s theoretical analysis of the possible reactions (loc. cit.), 
Acetylene may decompose according to equation (1) or (2): 

(1) C,H, = 2C + H, — 53000 cals. (C amorphous). 

(2) C,H, + N, = 2HCN — 2400 cals. 

The former is undoubtedly the principal reaction which occurs, 
for otherwise heat would not be liberated during the explosion, 
If this reaction goes to completion, and no dissociation of hydrogen 
occurs, it may be calculated that the temperature of explosion of 
pure acetylene is 140°, whilst that of a mixture containing 10 per 
cent. of nitrogen is 3050°. In neither case can these temperatures 
be completely realised, for reaction (1) is reversible at high temper. 
atures. This holds particularly for mixtures of nitrogen and 
acetylene, for not only can these substances react according to (2), 
but also the products of dissociation of acetylene will combine with 
nitrogen according to (3). 

(3) 2C + H, + N, = 2HCN — 55400 cals. (C amorphous). 
Both of these reactions take place with absorption of heat, so that 
the theoretical maximum of temperature is never reached. 

At the temperature of explosion, therefore, the principal products 
will be carbon, hydrocyanic acid, acetylene, hydrogen, and nitrogen. 
During the process of cooling to room temperature, reaction (1) 
and the back reactions of (2) and (3) will take place, and the per- 
centages of the gases in the cooled mixture will depend on the rate 
of cooling. The rate of cooling determines the “ chilling interval” 
during which the chemical reactions are arrested, and we should 
expect the mixtures containing high percentages of nitrogen, on 
account of their slow rate of explosion, to be chilled at a lower 
temperature than nearly pure acetylene. It does not seem possible 
to decide between equations (2) and (3) from our results, though 
(3) gives a better constant. Wartenberg (Table IV) showed that 
the equilibrium constant of equation (3) decreased with decrease in 
temperature. 


TABLE IV. 


Temp. K. 
2148° abs. 0°0097 
2025 0°0041 
1908 000157. 


It is found in our experiments that the relation [HCN]?/(H,][N)] 
varies from 0-0124 with 4-13 per cent. of nitrogen to 0-0069 with 
20:33 per cent. of nitrogen. The former corresponds with the 
equilibrium constant at approximately 1950°, and the latter with 
that at 1800°, whence it appears that the reactants have beet 
chilled at a lower temperature in the mixture containing 20 pe 
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cent. of nitrogen. ‘The effect of rate of cooling on the equilibrium 

constant is, however, much greater than in the case of the water- 

gas reaction (Andrew, T., 1914, 105, 444), and the explanation of 

this perhaps lies in the nature of the heterogeneous reaction (3). 

The temperature coefficient of this reaction may be unusually large. 
It is found that the empirical equation 


[HCN] 
(H.][N2]°*” 


holds over the range 4 to 20 per cent. of nitrogen. No explanation 
of this relationship can be given at present. 

At lower temperatures, in the neighbourhood of 1300° and 1000° 
respectively, reactions (4) (Bergmann, J. Gasbeleucht., 1896, 117), 
and (5) may take place to an appreciable extent. 

(4) HCN + H, = C + NH, + 39800 cals. (C amorphous). 

(5) N, + 3H, = 2NH, + 24100 cals. 

The calculations in Table III show that [NH,]/[H,][HCN] is a 
constant within the experimental error of the ammonia estimation, 
indicating that hydrocyanic acid is the source of the ammonia. 


= a constant = 0-014 


Summary. 


Mixtures of acetylene and nitrogen have been exploded at constant 
volume, and up to 3-24 per cent. of hydrocyanic acid has been 
found in the gases from the explosion. The results throw light upon 
the mode of production of hydrocyanic acid and ammonia in the 
cooling gases. The reaction constants for the equation 


H, + N, + 2C = 2HCN 


are found to vary between 0-0124 for 4-13 per cent., and 0-0069 for 
20-33 per cent. of nitrogen in the residual gases, corresponding with 
a “chilling ’” temperature of 1950° and 1800° respectively. 
mEaN = 0-014 has been found to hold for an 
explosion of mixtures of nitrogen and hydrogen at 3 atm. pressure 
ina closed vessel of 4 litres capacity. 

The concentration of ammonia bears a close relation to the con- 
centration of hydrocyanic acid, and it is probable that this gas is 
produced according to the equation 


HCN + H, = NH, + C. 


A new type of manometer is described for the measurement of 
pressures up to five atmospheres. 


The relation 


The authors are indebted to Professor F. G. Donnan for kindly 


1914 GLASSTONE : PHYSICAL CHEMISTRY OF 


providing the facilities for this work, and to the Department of 
Scientific and Industrial Research for a grant for the purchase of 
the phosphor-bronze bomb. 


University oF LONDON CLUB, 


21, GowErR STREET, 
W.C.1. | Received, October 8th, 1921.) 


CCXIX.—Physical Chemistry of the Oxides of Lead, 
Part II. The Supposed Enantiotropy of Lead 
Monoxide. 


By SAMUEL GLASSTONE. 


Previous authors (Ditte, Compt. rend., 1882, 94, 1310; Geuther, 
Annalen, 1883, 219, 56; Ruer, Zeiisch. anorg. Chem., 1906, 50, 
265; Germs, Diss. Gréningen, 1917) state that two enantiotropic 
forms of lead monoxide (red and yellow) must be clearly distinguished. 
Ruer (loc. cit.) suggested that the red (and reddish-brown) form 
of lead monoxide was stable at all temperatures below 620°, whereas 
the yellow form was stable only above this temperature. This 
suggestion was based on the fact that the red and the reddish- 
brown forms, if heated to 720° (at least) and 620° respectively and 
then allowed to cool, generate the yellow form. The reverse change 
could only be brought about by grinding, or by heating with con- 
centrated (50 per cent.) alkali. The weak points in Ruer’s argu- 
ments are (a) a cooling curve showed no break, (b) the red form 
had to be heated to a temperature 100° higher than the reddish- 
brown before it would give the yellow form on cooling, (c) a pressure 
of 2000 atmospheres would not change the yellow form to the 
reddish-brown; the grinding effect was necessary, (d) the reddish- 
brown form, either bought or obtained by grinding the yellow, 
was even more soluble in water than the original yellow, and (¢) 
the change from the yellow to the red form had never been observed 
during very slow cooling from the supposed transition point down- 
wards. Germs (loc. cit.), summarising previous work, emphasises 
the difference in colour, in density, and in solubility. As a result 
of his own heating experiments, he concludes that the transition 
point between red and yellow lead monoxide is 587°. The rate of 
change of the red to the yellow form is very slow at this point, 
but increases as the temperature rises. The brown forms (ground 
yellow) are said to be only partly changed to red, and therefore the 
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change back to yellow is rapid at 587°. Attempts to change the 
yellow to the red form below this temperature failed unless the 
former was brought into solution, for example, in molten potassium 
nitrate at 350°; no mention is made of the possible formation of 
triplumbic tetroxide in this case. 

By setting up half-elements of the type Pb| PbO N-NaOH, it is pos- 
sible to determine the free energy of the reaction 2PbO = 2Pb + Og. 
With a transition point as high as 587°, the free energy change of 
this reaction at room temperature should be very different for the 
two forms; by repeating the determinations at other temperatures, 
the transition temperature might be found by extrapolation. 
Experimental determinations, however, led to no such appreciable 
differences at temperatures between 0° and 50°. Any small differ- 
ences that were found, as well as the differences in physical pro- 
perties (except perhaps density) mentioned by Ruer and by Germs, 
may be readily explained on the ground of differing states of division 
or agglomeration. Evidence for this view is brought forward, 
and explanations for the properties of the various forms of lead 
monoxide are developed. 


EXPERIMENTAL. 


The various forms of lead monoxide and N-sodium hydroxide 
free from carbonate were prepared as described in Part I (this 
vol., p. 1689). 

lead Electrodes ——Based upon previous work by Getman (J. 
Amer. Chem. Soc., 1916, 38, 792), Lewis and Brighton (ibid., 1917, 
39, 1906), Giinther (Zeitsch. Elektrochem., 1917, 23, 197), and Krah- 
mer (ibid., 1920, 26, 97), the conclusion was drawn that in order 
to produce satisfactory lead electrodes the following points were 
to be noted: (a) electro-deposition with the use of a very small 
current density would give gradual and even deposition and thus 
avoid surface strains, (b) the use of an ‘“‘ addition agent ’’ (Mathers 
and McKinney, 7'rans. Amer. Electrochem. Soc., 1915, 27, 131) 
would probably produce an even deposit, and (c) a greyish-white, 
microcrystalline deposit was desirable. 

Ten grams of powdered Barbadoes aloes were extracted with 
250 c.c. of hot water by shaking and filtering. The solid residue 
was roughly dried and used as the “ addition agent.’”’ The bath 
was made up from 100 c.c. of water, 10 grams of pure lead nitrate, 
and 1 gram of aloes residue dissolved in 5 c.c. of glacial acetic acid. 
Two anodes of Kahlbaum’s lead were wrapped in filter paper and 
suspended in the solution. The cathode, placed between the two 
anodes, consisted of 1 sq. em. of platinum foil, roughened by sand 
paper to aid the deposit in sticking. An H.M.F. of 2 volts was 
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applied and a current of 4 milliamperes (current density of 2 x 103 
amps./cm.*) passed for two hours. The cathode was then removed, 
well washed with recently boiled water, and immediately used in 
the electrode vessels. The deposit of lead was smooth and micro. 
crystalline, of a light grey colour, and adhered well to the platinum, 


Measurements. 


Electrode vessels of simple type were used; they consisted of 
tubes 10 em. long and 2 cm. wide, closed at the bottom and fitted 
with side tube and tap. The various forms of lead monoxide 
were filled into these vessels to a depth sufficient completely to 
cover the lead; the electrode solution (N-sodium hydroxide} 
was poured in and finally the lead electrode with its glass tube 
was inserted and gently forced in so as to leave no air in the vessel. 
In order to avoid the difficulty of diffusion potential, the potential 
of the lead half-element was measured against that of the 
Hg|HgO N-NaOH half-element, accurately defined by Donnan and 
Allmand (T., 1911, 99, 845), the same solution of sodium hydroxide 
being used in both half-elements and also in the connecting vessel. 
‘The £.M.F. of this combination was measured in series with and 
against a standard Weston cell, a metre bridge and capillary electro. 
meter being used for the preliminary measurements at room tem. 


perature. After measurements were taken, the lead electrode 
vessels were attached to the spokes of a wheel revolving twenty-four 
times every minute, so as to get gentle yet efficient shaking. The 
vessels were removed from day to day, and the potentials measured 
until constant and steady values were obtained. 


Results. 


Scale H,|N-H* = 0. Measurements at room temperature (20°). 
P.D. of Hg|HgO N-NaOH = 0-1140 volt at 20°. 


Time after setting up (in days). 
Form of lead 
monoxide.* 0 1 
. Reddish-brown —0°558 
—0°559 —0°559 
—0°561 —0°560 
—0°559 
. Red hee 552 —0-°559 55¢ —0°559 
5! —0°558 — (560 
. R. B. by KOH 555 = —0°555 —0°559 —0°560 —0°s60 
. Y. G. by KOH "BE —0°553 —0°560 —0°500 
“BE —0°559 —0°559 —0°559 —0°559 
— —_—_—aa “Dé —0°559 —0:560 —O0°560 —0°5bl 
. Commercial —0°558 —0°558 
. Ground —0°559 —0°560 


* For the description of these forms see this vol., p. 1690. 
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Results (continued). 


Scale H,|N-H* = 0. Measurements at room temperature (20°). 
P.D. of Hg/HgO V-NaOH = 0-1140 volt at 20°. 


‘ime after setting up (in days). 
Form of lead 
monoxide.* 6 7 8 9 10 Final. 
|, Reddish-brown —0°558 
—0°559 —0°559 —0°559 —O-559 —0°559 
9, Yellowish-green —0°559 —0°559 
—0°559 — 0°55§ 0°558 
3. Red hain. ee —0°558 “558 0°558 
56 0°560 
4, R. B. by KOH —0°560 —_ 0560 
3, Y. G. by KOH 0°560 
0°558 
6. Yellow ... ... —0°560 0°560 
7. Commercial ... —0°559 0°559 
§, Ground ... ... . 0-560 
Mean ... ae ae hes .. —0°559 volt. 


* For the description of these forms see this vol., p. 1690. 


Cumming (7'rans. Faraday Soc., 1907, 2, 199) obtained a value 
of — 0-539 volt for the potential of the half-element Pb|PbO 
yellow) V-NaOH at 25°, without correcting for the diffusion potential 
between N-sodium hydroxide and N-potassium chloride solutions. 
The Henderson formula being used, this potential is calculated as 
019 volt, the sodium hydroxide side being positive. The potential 


of the half-element alone is thus — 0-558 volt. The agreement 
with the result given above is satisfactory. 


Discussion of Results. 


Almost all the electrodes developed initial potentials up to 
6 millivolts more positive than the final values, and within two or 
three days the different forms of lead monoxide had become adjusted 
to give an almost identical value in each case. 

The initial high values may be due to two causes: (a) a meta- 
stable form of lead monoxide, being more soluble, would give higher 
initial values, which would diminish as this form disappeared, 
and (b) the higher initial solubility of small particles. In the first 
case the metastable form could be present only in very small 
amount, as in no instance was any alteration of the solid lead 
monoxide noted when the steady state was reached. The second 
possibility is in excellent agreement with the facts mentioned in 
Part I (oc. cit.). Almost every form of lead monoxide contains a 
number of very small particles having a solubility of about 0-054 
gam-mol. per litre. Even the red form contains some of these 
particles, as can be shown by shaking a large amount of this form 
With a small quantity of N-sodium hydroxide solution; in this 
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way a value of 0-055 gram-mol. of dissolved lead monoxide per 
litre has been obtained. The normally saturated solution of lead 
monoxide in N-sodium hydroxide contains 0-035 gram-mol. per 
litre. Substituting these two values in the ordinary formula for 
a concentration cell with bivalent ions, we find that the difference 
between the initial and the normal solubility corresponds with a 
potential of 5-5 millivolts, in agreement with the value actually 
found (6 millivolts). 

The fact that all the forms of lead monoxide examined gave 
almost identical values for the final potential, shows that the free 
energy of the reaction, 2PbO = 2Pb + Q,, is almost independent 
of the form of lead monoxide used. With the transition point of 
587° suggested by Germs (loc. cit.), we should expect considerable 
differences in the free energy at the low temperature of 20°. The 
fact that negligible values were obtained, which could be explained 
on the grounds of experimental error and slight differences in 
solubility, is evidence in favour of a purely physical explanation 
for the differences between the various forms of lead monoxide. 

The question of differences of free energy was further investigated 
at 0° and 50°, by setting up cells of the type Pb|PbO (A) N-NaOH 
PbO (B)|Pb, where A and B represent the various forms of lead 
monoxide in turn, and measuring their H.M.F.’s in series with 


and against a Weston cell. Slight fluctuations from the normal 
value of the standard cell were noted, which could be explained 
only on the grounds of error of experiment. 


Solubility and Potential Values. 


Although the potentials of the half-elements Pb|PbO N-NaOH @® 
had become adjusted to almost identical values, yet the main bulk 
of the electrode solutions varied in concentration from 0-049 to 
0-029 gram-mol. of lead monoxide per litre (see this vol., p. 1692). 
This appears to be contradictory at first sight; the concentration 
that fixes the potential of the half-element, however, is that of the F 
infinitely thin layer of solution actually in contact with the lead 
of the electrode. The latter is completely surrounded by a depolar- 
iser (lead monoxide) and equilibrium therefore sets in very rapidly 
at this point, thus giving normal potential values, although the 
main solution may be unsaturated or supersaturated. It has 
previously been shown that the solubility of the various forms of 
lead monoxide tends towards the same value, and we should there- 
fore expect the same tendency in the potential of the alkaline lead- 
lead monoxide half-element. The difference in the solubility of 
the red and the yellow forms, namely, 0-035 and 0-039 gram-mol. 
per litre, would lead to a potential difference of 1-5 millivolts. 
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Definitive Measurements. 


In order accurately to define the Pb|PbO N-NaOH half-element, 
to detect such differences as given above, and to find the tem- 
rature coefficient of the half-element, P.D. determinations were 
made with a Kelvin and Varley vernier potentiometer (Paul) 
reading to 0-0001 volt. Constant temperatures were obtained by 
means of a thermostat at 25-0° and a large vessel of melting ice at 0°. 
The following results were obtained five weeks after setting up 
the electrodes, by which time the values had become quite constant. 
Pb|PbO N-NaOH. 
, Yellow Form (Product No. 2). 
25° 0° 
— 0°5597 volt. — 0°5512 volt. 
— 0°5598_ ,, — 05514 ,, 
— 0°5599 _ ,, — 0°5514 


— 0°5597 _,, — 05512. . 
Mean — 0°5598 a, Mear’ — 0°5513—S==, 


The temperature coefficient is — 0-00034 volt/degree. 


Red Form (Product No. 3). 
— 0°5619 volt. — 0°5537 volt. 
— 0°5620 ,, — 0°5536 ,, 
— 0°5623 =, — 0°5542* ,, 
— 0°5621 _,, — 05538, 
Mean — 0°5621 ,, Mean — 0°5537_ ,, (value * omitted ) 
The temperature coefficient is — 0-000336 volt/degree. 

In order to obtain reproducible results two conditions are neces- 
sary: (1) the lead electrode must be completely covered by the 
depolariser, and (2) the latter should not be disturbed in any way, 
0 that true equilibrium may be established. Vessels of the type 
wed for the Hg|HgO half-element are recommended. 


The Effect of Carbonate. 


(a) In the Alkali.—So far as was investigated, sodium carbonate 


7 0 quantities up to 3-0 grams per litre had no effect on the P.D. 


of the Pb|PbO electrode (see also p. 1924). 

(6) In the Lead Monoxide.—The effect in this case was to give 
much higher initial values, for example, — 0-550 volt, which only 
very gradually diminished in the course of a month. In order to 
get reproducible half-elements, the lead monoxide used must be 
free from carbonate. 


Density Determinations. 


Germs (loc. cit.) emphasises the fact that the yellow forms of 
ad monoxide always have a higher density than the red. From 
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the many values given by Dammer (“‘ Anorganische Chemie,” IT, (2), 
pp. 520 et seq.) it appears that the density of any form depends on 
its method of preparation (compare Ditte, loc. cit.), and that some 
forms of the yellow oxide have densities even lower than that of 
the red. A series of experimental determinations, care being taken 
to avoid occluded air, confirmed this conclusion. 


Density at 20° compared with the density of water at 4°. 
y P 


Colour. Preparation. 

(i) Red. Product No. 3. 

(ii) Reddish-brown. Product No. 1. 

(iii) Yellow. 5% boiling NaOH on Pb(OH), 
(iv) ” 10% ” ” ” ” 

(v) Yellowish-green. 20% re 9s »» *” 
(vi) Yellow. NH,OH on boiling basic acetate. 
(vii) ,, Commercial oxide, heated. 
(viii) ,, Product No. 1, heated. 

(ix) Reddish-brown. No. viii, ground. 

(x) Yellow. No. ix, reheated. 


HA Sry me Ores 


On the whole, no definite conclusions can be drawn from density 
measurements; we may compare the case of magnesium oxide, 
where the density is found to depend on the previous history of 
the specimen (Parravano and Mazzetti, Atti R. Accad. Lincei, 1921, 


[v], 30, i, 63). 
Heating Experiments.* 


The results are summarised below. 

(1) The temperature to which any red form required to be heated 
in order to give the yellow form on cooling depended on the state 
of division. The large red particles changed rapidly at 650° (very 
slowly at 600—630°); the reddish-brown form (wet method) 
changed at 600°; the brown powders made by grinding the red 
form changed from 540° upwards, the temperature depending on 
the state of division. The supposed transition point of Germs 
(loc. cit.) is 587°. 

(2) The brown forms made by very finely grinding various speci- 
mens of the yellow, required to be heated only to 540° in order 
to give the yellow form on cooling. This temperature, so very 
different from that of Ruer (620°) and that of Germs (587°), may, 
like the density (see above), depend on the particular form o 
yellow oxide used in the first place. 

(3) Keeping the red form at 540° for four hours produced no 
visible change in colour. These results render invalid some of the 
conclusions of Germs (loc. cit.). 


* All temperatures were checked by means of a platinum resistance thermo 
meter. 
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There appear to be two possible transition temperatures: (a) 
500—600°, the minimum temperature necessary to give the 
yellow form on cooling, and (6) 350°, where the yellow colour first 
appears. A cooling curve should show a break in the vicinity of 
a transition point. A porous pot was half filled with about 300 
grams of pure commercial lead monoxide and fixed vertically in an 
electric furnace. A thermo-electric junction was thrust well into 
the oxide and the wholé heated to 700°. The current was then 
switched off and readings of temperature and time taken while 
the furnace cooled to 160° in three hours. No break could be 
detected in the region of 600° or at 350°, the curve being quite 
smooth along the whole of its length. 

It was noted that the yellow oxide in the pot at the end of the 
experiment was in the form of a block, in spite of the fact that no 
obvious fusion had taken place and the original substance had been 
put in as a powder. The importance of this observation will 
appear later. 

Since triplumbic tetroxide, on heating, always gives the yellow 
form of lead monoxide, it appeared possible that the production 
of the latter from the red form of lead monoxide was due to the 
intermediate formation of triplumbic tetroxide, thus : 

6PbO + 0, _7-*" 2Pb,0, £00" 6PbO + O, 

Red. Yellow. 
This suggestion was tested in two ways: (a) the electric furnace 
was heated to 600°, and a sample of the reddish-brown oxide put 
in; the rapid heating to 600°, at which temperature triplumbic 
tetroxide is completely dissociated in air, should prevent appreciable 
oxidation. On cooling, however, the product was yellow. 

(b) The red and the reddish-brown oxides were heated in a current 
of pure nitrogen; on cooling, the colour of both specimens was 
yellow. These experiments proved that the colour change was 
not due to the intermediate formation of triplumbic tetroxide. 


Crystalline Form. 


There appears to be some confusion on this point. Nordenskiold 
(Pogg. Ann., 1861, 114, 619) found the axial ratios of crystals of 
yellow lead monoxide to be 1 : 0-6706 : 0-9764; he therefore con- 
cluded that the crystals were rhombic. If the ratios had been 
1: 0-6706 : 1 (within the limits of error), the crystals would have 
been tetragonal. Liidecke, in Geuther’s paper (loc. cit.), states 
that the crystal diagram of the red form of lead monoxide resembles 
that given for the yellow form by Nordenskiold, but by examination 
of the former in polarised light concludes that the crystal is tetra- 
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gonal. The possibility of both red and yellow forms having the 
same crystalline structure is obvious. Within recent years, two 
observers have examined natural lead monoxide ; Scott (Min. May., 
1914, 17, 143) states that this substance is red with a yellowish. 
brown streak and that its optical characteristics suggest ortho. 
rhombic symmetry, and Larsen (Amer. Min., 1917, 2, 18) states 
that the central portion of the plates of natural lead monoxide 
consists of the yellow, orthorhombic modification, and the borders 
of the red, tetragonal modification. At the request of the author, 
Mr. J. E. Barnard kindly examined specimens of the red, reddish. 
brown, yellow, and yellowish-green forms of lead monoxide. He 
reports that the latter two forms are certainly agglomerates, and 
that in every case the ultimate constituent crystals appear to be 
identical (tetragonal) or closely allied. 


The Agglomerate Theory. 


All the evidence so far given is in favour of the view that the 
differences between the various forms of lead monoxide are attribut- 
able merely to the state of physical division. The red form, on 
grinding, gives brownish-yellow particles, the change of colour 
being due to increased reflection of white light, and it is here sug- 
gested that these brownish-yellow particles, when agglomerated, 
are yellow or greenish-yellow, because the agglomerates, on gentle 
pressure with a spatula or rubbing between paper with the fingers, 
give brown particles. A striking experiment in favour of this 
view is the following. Lead hydroxide of the formula 3Pb0,H,0 
can be prepared in comparatively large crystals (1 mm. in diameter), 
When these crystals are heated, yellow lead monoxide is obtained, 
the shape of the original crystals being retained, but when the 
crystals are first ground and then heated, the resulting lead monoxide 
is reddish-brown. 


Explanation of the Variation of Colour. 


It is suggested that all forms of lead monoxide reflect green light 
and transmit red, the violet end of the spectrum being absorbed. iit 
In the case of the yellow and the green agglomerates, owing to the 
enormous number of internal surfaces, the red light is lost by 
internal reflection (and eventual absorption), and therefore only 
the green colour is visible. With a smaller loss of red light the 
yellowness would increase, whilst the larger agglomerates would 
be more green in colour. In the microscopic examination, the 
transmitted red light could occasionally be seen. A very simil 
case to the one under discussion occurs during the precipitation 
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i gold sols. These sols contain green particles which, on agglom- 
eating, appear brown; the particles here probably transmit green 
light and reflect red, and therefore give in the reverse order the 
elects displayed by lead monoxide. 


Changes on Heating. 


The theory is proposed that when the comparatively large crystals 
of red lead monoxide are heated, splintering into smaller particles 
takes place at some temperature (600—650°), possibly due to unequal 
apansion in different directions. These smaller particles still 
adhere together on cooling and in this way form the yellow agglom- 
aates of brown particles. When the agglomerates are crushed, the 
constituent brown particles become visible. 

In the case of the reddish-brown or brown forms, at a certain 
temperature (540—600°) the very fine particles fuse; thus a large 
number of small particles join together and agglomerate on cooling 


@ by the process of sintering. Confirmation of this view is found in 


the fact noted on p. 1921, that powdered lead monoxide, heated to 
10°, is recovered on cooling in the form of a yellow block. Reinders 
ad Hamburger (Zeitsch. anorg. Chem., 1914, 89, 71) state that the 
available surface of yellow lead monoxide decreases on heating 
wing to the particles sintering together. The temperature at 
which sintering takes place depends of course on the size of the 
articles, and in this fact is found the explanation of the variation 
inthe temperature to which the different forms have to be heated 
inorder that they shall give the yellow form on cooling (p. 1920). 
(The melting point of lead monoxide is given in Watt’s Dictionary 
ifChemistry, 1892, as 585—630°; the latest value, given by Germs 
(lec, cit.] and others, is 875°.) 

These assumptions account for the different temperatures at 
which the conversion of the red form, and of the series of brown 
and yellowish-brown powders made by grinding this form, into the 
yellow variety occurs. The irreversibility of the change from the 
yellow to the red form by slow cooling (compare Germs, loc. cit. ; 
uer, loc. cit.) is obvious; dissolution is an essential, intermediate 


. plep. 


These suggestions offer explanations of the properties of the 


| *xious forms of lead monoxide on purely physical grounds, without 


Y@volving enantiotropic changes. 


The Solubility Product of Lead Monoxide at 25°. 


Using the value — 0-562 volt as the potential of the Pb|PbO (red) 
‘NaQH electrode, and — 0-130 volt asithe normal electrode potential 
VOL, OXIX. 3U 
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of lead at 25° (Lewis and Brighton, loc. cit.; Getman, J. Amer, 
Chem. Soc., 1918, 40, 611), we obtained 2-27 x 10° gram-ion per 
litre as the concentration of lead ions in N-sodium hydroxide 
saturated with red lead monoxide. The hydroxyl-ion concentration 
in this solution is 0-72 gram-ion per litre. The solubility product 
of lead monoxide is thus given by 


L = [Pb OH’? = 2-27 x 105 x 0-72 x 0-72 = 1-17 x 10%, 


The concentration of lead ions in a solution of lead monoxide in 
water is approximately “V’, that is, about 0-66 x 10° gram-ion 
per litre. The solubility of red lead monoxide in water is 0-26 x 10° 
gram-mol. per litre. This rough comparison emphasises the un- 
certainty of the ionisation of lead monoxide in water, and the 
futility of determining the solubility of lead monoxide or hydroxide 
in water by the conductivity method (compare Pleissner, Ar). 
Kaiser. Gesundh.-Amt., 1907, 26, 384). 


The Effect of Carbonate. 


- In order to alter the potential of the alkaline lead electrode, 
the addition of carbonate must affect the concentration of the 
lead ions, by being present in an amount sufficient to make the 
product of [Pb**] and [CO,’’] exceed the solubility product of lead 
carbonate, which is 3-3 x 10-™ (Pleissner, loc. cit.). To reach the 
solubility product of lead carbonate, the CO,’’ concentration must 
be 33 x 10% 

23 x 10°’ 
impossible under the conditions of working. Assuming, as we have 
done, that the carbonate does not affect the concentration of 
hydroxyl ions, it will have no appreciable effect on the potential 
of the Pb|PbO N-NaOH electrode. 


that is, 14 gram-ions per litre, which is, of course, 


Dissociation Pressures. 


The cell Pb|PbO N-NaOH H, (1 atm.)|Pt, whose 2£.M.P. is 
— 0-562 — (— 0-809) = 0-247 volt, may be regarded as an H, — 0, 
cell, with oxygen supplied at the dissociation pressure of the reaction 
2PbO —> 2Pb + O,, at 25°. Using the value 1-226 volts as the 
E.M.F. of the H, — O, cell with both gases at atmospheric pressure 
at 25°, and substituting the values in the formula connecting the 
E.M.F. of these gas cells with the pressure of the gases, we find that 


the dissociation pressure of oxygen produced by the decomposition 


of red lead monoxide at 25° is 4-2 x 10°? atm. 
By the use of Nernst’s theorem, the dissociation pressure can be 
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calculated when it is known that the heat absorbed in the dis- 
sociation is 100,600 calories per gram-mol. of oxygen (Thomsen) ; 
the result obtained is 1-9 x 10-*? atm. at 25°. Considering the 
low order of magnitude of these values, the agreement is satisfactory. 

The temperature at which the dissociation pressure in the above 
reaction is equal to 0-21 atm. is the temperature at which lead 
monoxide will decompose completely if heated in air. This tem- 
perature can be calculated by three methods, it being assumed 
that both lead monoxide and lead remain solid. 

Method 1.—If the cells Pb|PbO alkali H,|/Pt and H, (1 atm.) — 
0,(0-21 atm.) are imagined to have their temperature raised until 
both have the same H.M.F., we know that at this temperature 
lead monoxide will have a dissociation pressure of 0-21 atm. The 
E.M.F. of both these cells is known at 25°, and their temperature 
coefficients may be calculated by applying the Gibbs-Helmholtz 
equation to the known heats of reaction. Assuming that these 
coefficients remain constant over a considerable range of tem- 
perature, we find that the Z.M.F.’s would become equal at 2600° 
abs. At this temperature lead monoxide would completely decom- 
pose if heated in air. 

Method 2.—Using the integrated form of the van’t Hoff isochore, 


where partial pressures are involved, we get R log, Kp, = — > + C, 


where Q, is the heat absorbed, and C is an integration constant. 
The latter can be evaluated as follows. If the ratio of the con- 
centrations of lead monoxide and lead can be considered constant 
at all temperatures, we can replace K, in the above expression by 
po, at any temperature. For 298° abs. we have found that po, is 
equal to 4-2 x 10°87, and taking Q, as 100,600 cals., we obtain 
C= 32-0. Assuming that Q, remains constant, it is found that 
po, is equal to 0-21 atm. at 2860° abs. 

Method 3.—Stahl (Metallurgie, 1907, 4, 682), using Nernst’s 
formula, has calculated that the temperature at which the pressure 
of oxygen in the system under discussion becomes equal to 0-2) 
atm. is 2348° abs. 

Considering the approximations involved in connexion with the 
pressures of lead monoxide and lead, and with the various heats 
of reaction, the agreement between the three methods is good. 


Heat of the Reaction Pb + 40, (1 atm.) = PbO at 25°. 


This value can be calculated from electrochemical data by the 
ise of the Gibbs-Helmholtz equation. The E.M.F. of the cell 
Pb|PbO (red) N-NaOH H,|Pt is 0-2469 volt at 25°, and 0-2603 

3uU2 
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volt at 0° (from the known potentials of the two electrodes). The 
temperature coefficient is thus — 0-00054 volt/degree. The total 
energy of the reaction 


PbO + H, (1 atm.) = Pb + H,0 (liquid) 


at room temperature is then calculated as 18,790 cals. Taking 
the heat of formation of liquid water as 68,400 cals., we obtain 
49,610 cals. as the heat of formation of red lead monoxide at room 
temperature. The thermochemical value (Thomsen) 50,300 cals., 
the form of lead monoxide not being stated, is probably less accurate 
than the electrochemical value. 


Calculation of E.M.F. by Nernst’s Theorem. 


Using the method of Nernst (Sitzwngsber. K. Akad. Wiss. Berlin, 
1909, 247), it is possible to calculate the H.M.F. of the cell Pb| PbO - 
H,|Pt at 0°. The reaction involved is 


PbO + H, = Pb + H,O, 


the water being in the form of ice. For this reaction at 17°, we 
have : 


Qr = 68,400 (H,O) + 1580 (ice, water at 17°) — 50,300 (Pb,O) = 
19,680 cals. 


The molecular heats of reactants and resultants are taken as 114 
for lead monoxide, 6-8 for hydrogen, 6-4 for lead, and 9-5 for ice. 
The difference between the molecular heats of the reactants and 
of the resultants is 2-7 cals., leading to a value of — 0-0014 for § 
(Nernst, loc. cit.), and thus Q, = 18,783 cals. Assuming that the 
“chemical constant’ for hydrogen is 1-6, we obtain the figure 
0-251 volt as the E.M.F. of the above cell at 0°. The experimental 
value is 0-260 volt at 0°, with water instead of ice as one of the 
products of the reaction. The heat of formation of lead monoxide 
being taken as 49,610 cals. (see above), the H.M.F. is calculated 
as 0-265 volt. 


CC) 


By V 


OnE « 


Using a more approximate method in which water is involved 
instead of ice, we get Qr = 18,100, 8 = — 0-016, and Q, is thus 
18,430. The value for the 2.M-.F. of the cell at 25° is then 0-207 
volt, the actual experimental value being 0-247 volt. 


Summary. 


(1) The results of measurements of the Pb|PbO N-Na(H 
potential are not in harmony with the theory that lead monoxiée 
is enantiotropic. 
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(2) The temperature to which the red form of lead monoxide 
has to be heated in order to give the yellow form on cooling, depends 
on the state of division of the former. 

(3) Crystallographic evidence is shown to be very confusing. 

(4) The difference in properties of the various forms of lead 
monoxide is explained on the grounds of degree of sub-division or 
agglomeration. 

(5) The solubility product of red lead monoxide is 1:17 x 10% 
at 25°. 

(6) The dissociation pressures of oxygen derived from lead mon- 
oxide are calculated by various methods which give good agreement. 

(7) The heat of formation of red lead monoxide is 49,610 calories. 

(8) The #.M.F.’s calculated by Nernst’s theorem are in good 
agreement with the experimental values. 


The author desires to thank Professor Allmand for suggesting 
the work and for criticism and advice, and also Mr. J. E. Barnard 
for kindly undertaking the crystallographic examination of the 
various forms of lead oxide. 


University oF LONDON, 
Kine’s COLLEGE. (Received, July 2nd, 1921.] 


CCXX.—Investigations into the Analytical Chemistry 
of Tantalum, Columbium, and their Mineral 
Associates. I. The Use of Tartaric Acid in the 
Analysis of Natural Tantalocolumbates. II. The 
Separation of Zirconium from Tantalum and from 
Columbium. 


By WatreR RAYMOND SCHOELLER and ALAN RicHaRD PowELL. 


Ox of the most difficult problems that confront the mineralogist 
is the analysis of the tantalo- and titano-columbates. Not only are 
these minerals of the greatest complexity as regards both the number 
and the nature of the elements of which they are made up, but also 
the separate estimation of tantalum, columbium, and titanium in 
presence of each other is up to now more or less approximate, and 
their separation from many other elements is beset with uncer- 
tainties. It is due chiefly to the difficulties encountered in their 
analysis that the true chemical affinities of the minerals in question 
are not yet quite clearly understood. 
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The present research, which it is intended shall be as compre. 
hensive as possible, aims at improving the state of our knowledge 
of these minerals by testing the accuracy of published analytical 
methods and, if possible, by improving them and devising new ones, 
For some time past the authors have been studying the literature 
on the subject and investigating methods in the laboratory. The 
conclusions drawn by other workers in this field are frequently 
contradictory, and a repetition of some of the earlier work is needed 
in order to clear up debatable points. As the authors’ time available 
for this investigation is limited, they have enrolled the help of 
collaborators, who will report on the result of their labours in due 
course. The whole research will form a connected series of papers 
appearing under the above general title. 


I. The Use of Tartaric Acid in the Analysis of Natural 
Tantalocolumbates. 


This section is in the nature of a preliminary communication, 
being devoted to certain considerations on the analysis of tantalo- 
columbates and the brief description of a method of analysis 
which we have worked out and intend to elaborate more fully; so 
far it has given promising results with tantalite and columbite. 


The best known and most generally applied method for the 
analysis of minerals of this group is what will hereafter be termed 
the pyrosulphate-hydrolysis method, that is, decomposition of the 
mineral by fusion with alkali pyrosulphate followed by prolonged 
boiling of the solution of the melt in order to precipitate the earth 
acids. This procedure is by no means above criticism, but as far 
as the decomposition of the mineral is concerned we feel strongly 
inclined to favour pyrosulphate as having a wider range of useful. 
ness than potassium hydroxide or carbonate, potassium hydrogen 
fluoride, or hydrofluoric acid. As regards the hydrolysis of the 
solution resulting from the pyrosulphate melt, this process has 
several disadvantages; thus, the earth acids are not precipitated 
completely if the acidity of the solution is too great; the complete 
precipitation of the earth acids is not easily ascertained; and the 
precipitate—whether the acids are completely precipitated or not— 
is always contaminated with other elements, some of which arf 
wholly, others partly, precipitated (silica, titania, tungsten, tia 
antimony, iron, zirconia). It is opportune here to recall that two 
elements in presence of each other may lose their individuality; 
“the reactions these elements undergo when they occur alone do ‘i 
not necessarily occur when the two elements are mixed together J. 
(Mellor, ‘‘ Quantitative Inorganic Analysis,” 1913, p. 496). For 
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example, columbium by itself is most difficult to precipitate com- 
pletely by hydrolysis, but the presence of even a small quantity of 
tantalum causes complete precipitation (Meyer and Hauser, “ Die 
Analyse der seltenen Erden und der Erdsiuren,”’ p. 183). Titanium 
has the reverse effect on columbium, as it impedes the precipitation 
(Mellor, op. cit., p. 420), whilst the hydrolysis of titanium is 
adversely affected by zirconium (Hillebrand, Bull. Geol. Survey, 
US.A., No. 422, p. 136). Therefore, if only the four elements 
named are present in the solution, the process of hydrolysis is a 
sufficiently complex reaction, which is at present being investigated. 

The impure precipitate produced by hydrolysis must next be 
resolved into its constituents, and this again is a troublesome pro- 
cedure. The first step consists in dissolving the earth acids in a 
suitable solvent, filtering off any residue, and again hydrolysing the 
filtrate. Three solvents are mentioned in the literature: (1) Basic 
ammonium tartrate, by Hoffmann and Prandtl (Ber., 1901, 34, 
1064): they merely state that the precipitate obtained after the 
hydrolysis was extracted with the compound mentioned. (2) 
Mannitol (Hauser, Zeitsch. anorg. Chem., 1908, 60, 231; Hauser 
and Herzfeld, Centr. Min., 1910, 758): the precipitate is treated 
with a 20 per cent. potassium hydroxide solution containing 10 per 
cent. of mannitol, the insoluble gangue filtered off, and the filtrate 
freed from lead and iron by ammonium sulphide. The filtrate is 
boiled under reflux, any zirconium remaining in solution; the 
reprecipitated earth acids are still accompanied by titanium, tin, 
antimony, and silica. (3) Hydrogen peroxide (Weiss and Landecker, 
Zeitsch. anorg. Chem., 1909, 64, 65): the precipitate obtained by 
the hydrolysis is digested with 10 per cent. sulphuric acid and an 
equal volume of 3 per cent. hydrogen peroxide; the residue consists 
of gangue, silica, and lead sulphate. ‘The filtrate is again submitted 
to hydrolysis with sulphurous acid, which precipitates tantalum, 
columbium, titanium, tungsten, tin, and antimony; iron and 
zirconium remain dissolved. 

Regarding the last-named process, it must here be mentioned that 
divergent views have been expressed on the solubility of tantalic 
acid in hydrogen peroxide. Noyes (Chem. News, 1906, 93, 180) 
found that it remained in large part undissolved, but Giles (ibid., 
1907, 95, 1) showed that it dissolved completely “ when diffused 
in dilute hydrochloric or sulphuric acid on addition of sufficient pure 
hydrogen peroxide (Merck’s ‘ perhydrol’).”” In a recent com- 
munication, however, Hahn and Gille (Zeitsch. anorg. Chem., 1920, 
112, 283) report that tantalic acid precipitated from hot solutions 
s almost insoluble, and when precipitated in the cold is very 
lightly soluble, in acid hydrogen peroxide; and that it reduces the 
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solubility of columbic and titanic acids. They draw the conclusion 
that Weiss and Landecker’s method is inapplicable in presence 
of tantalic acid. In view of these conflicting statements, it would 


seem that the matter must be once more investigated. P. : 
The second step in the purification of the precipitate obtained by § ..., 
the hydrolysis consists in removing tungsten, tin, and antimony by ff ,, 4, 
digestion with ammonium sulphide (Berzelius) or by fusion with § jo» 
sodium carbonate and sulphur (Rose). These methods have oan 
however been condemned by Giles (Chem. News, 1909, 99, 1), yr 
Smith (Proc. Amer. Phil. Soc., 1905, 44, 40), and Blomstrand (J. oe 
pr. Chem., 1919, [ii], 99, 40). Giles separates tin and antimony ait 
from the earth acids by fusion with potassium carbonate, solution fy, 
of the melt in citric acid, and precipitation of tin and antimony by § ....., 
hydrogen sulphide; we propose the somewhat similar process 7 : 
described below. The methods for the separation of tungsten will J an, 
shortly be submitted to a critical study. eis 
Authors’ Proposed Method.—The above considerations induced f ,).1,, 
us to seek improvements in the analysis of tantalum—columbium quant 
minerals by evolving a different process while retaining pyrosulphate J»... 
as a flux. The guiding idea was to avoid an initial hydrolysis for ff 44 
the precipitation of the earth acids and to attempt a preliminary § ,....,, 
purification of the solution by the removal of as many metals asf ji... 
possible, followed by a modified or improved process of hydrolysis. tated 
Now it is well known that tartaric acid prevents the precipitation J }, 144), 
of the hydroxides of tantalum, columbium, titanium, etc., and we hae 
ascertained that a concentrated solution of tartaric acid dissolves sid w 
the cake from the pyrosulphate fusion of the minerals in question ».11, 
to a perfectly clear solution (compare Powell, J. Soc. Chem. Ind.,f vith . 
1918, 37, 285r). We fuse 1 gram of the finely powdered mineralf ,,. 
with 6 grams of sodium pyrosulphate in a silica crucible, adding phosph 
sulphuric acid and again fusing if the melt solidifies before the 
decomposition is complete, and leach the cold mass with a solution 
of 10 grams of tartaric acid in not more than 50 c.c. of water. The 
insoluble residue contains any quartz, cassiterite, gangue, lead 


sulphate, and possibly some unattacked mineral; if this should be 
the case, fusion with pyrosulphate and extraction with tartaric§; 
acid are repeated on the ignited residue, when all the decomposable 
material is obtained in solution. The residue is analysed for lead, 
tin, silica, ete., whilst the combined filtrates are saturated with 


hydrogen sulphide; in this manner antimony, copper, traces of I 
tin, and any other metals of the hydrogen sulphide group are 
eliminated and estimated. The filtrate, on digestion with ammonit Th 
and ammonium sulphide, yields a precipitate containing all the iron hig of, 


and uranium, as well as a small part of the manganese, if this metal 
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be present. Manganese, as is known, is but imperfectly precipi- 
tated as sulphide from tartrate solutions (compare Mellor, op. cit., 

. 363). 

: The operations so far described eliminate certain rather trouble- 
some elements (for example, silica, iron, tin, antimony), whilst 
tantalum and columbium are in solution, still accompanied by a 
number of their mineral associates. The following may be present : 
tungsten, titanium, and zirconium; rare-earth metals and thorium ; 
aluminium, glucinum, manganese, calcium, and magnesium. We 
are now striving to find an accurate and comparatively simple 
method to resolve this complex mixture into its components. 

We have already investigated, but without success, a scheme for 
separating titanium and zirconium as phosphates from tantalum 
and columbium in tartaric acid solution. We ascertained that 
ammonium phosphate does not precipitate the earth acids from 
tartrate solutions containing free tartaric acid, even on boiling, 
whilst zirconia is not precipitated in the cold, but boiling causes 
quantitative precipitation. It seemed therefore possible to separate 
zirconium from tantalum and columbium by leaching a pyrosulphate 
melt of the mixed oxides with sodium hydrogen tartrate and adding 
ammonium phosphate to the boiling solution. Under these con- 
ditions, however, when zirconia by itself would have been precipi- 
tated as phosphate, no precipitate was obtained in presence of 
tantalum and columbium, which provides another example of 
“loss of individuality.’’ It was only when a fair excess of sulphuric 
acid was added to the solution that precipitation ensued, but the 
results calculated to zirconia were too high, due to contamination 
with several units per cent. of earth acids. As regards titania, this 
was only slowly and incompletely precipitated by ammonium 
phosphate from tartrate solutions acidified with sulphuric acid. 


Summary. 


The usual procedure for the analysis of tantalum-columbium 


Puinerals is briefly discussed. A new method of analysis is outlined, 


in which the initial hydrolysis is avoided by solution of the 
pytosulphate melt in tartaric acid solution. 


Il. The Separation of Zirconium from Tantalum and 
from Columbium. 


The pyrosulphate-hydrolysis method, outlined in section I of 
his paper, is so far the only one available for separating zirconium 


tom tantalum and columbium, Bailey’s hydrogen peroxide method 
3 U* 
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(T., 1886, 49, 149, 481) having proved untrustworthy (Meyer and 
Hauser, op. cit.). 

A process of separation, based on an entirely different principle, 
was indicated by Hauser and Herzfeld in a paper on an occurrence 
of blomstrandine in the Urals (Centr. Min., 1910, 758). They give 
a very brief outline of the procedure used in analysing the mineral, 
and state that they intended shortly afterwards to publish a detailed 
description of the most up-to-date procedure for the analysis of 
minerals of the earth acids—an intention which does not appear to 
have been carried out. The published method includes the following 
particulars for the separation of zirconia from the earth acids. 
The mixed oxides are fused with potassium hydroxide in a silver 
dish, the melt being continually stirred with a silver spatula; the 
melt is extracted with water and the residue filtered off; this is 
ignited and again fused as before. The insoluble residue from the 
second fusion is to be regarded as zirconia (“ist als Zirkonerd 
anzusehen ’’) which must, however, still be tested for the presence of 
titania. The proportions of the constituents in question are reported 
thus: Cb,0; = 15-08; Ta,O; = 1-30; ZrO, = 0-50 per cent. 

The wording of the above quotation referring to the purity of 
the residual zirconia is rather guarded, and as far as we know, no 
critical study of the potassium hydroxide fusion has yet been 
published. Giles pointed out (Chem. News, 1909, 99, 1) that 
zirconia was unaffected by fusion with potassium carbonate, and 
expressed the opinion that this might answer as a means of separat- 
ing zirconia from tantalum and columbium. He did not carry out 
any test separations to prove that the method was quantitative. 
We therefore decided to investigate it by working with the pure 
oxides. Those of tantalum and columbium were prepared from the 
carefully recrystallised double fluorides, whilst the zirconia was 
obtained from recrystallised zircony! chloride prepared from 
zircon, 

For reasons explained below we confined ourselves almost entirely 
to the use of potassium carbonate. In a preliminary experiment, 
0-25 gram of each oxide was fused by itself with 2-5 grams of 
potassium carbonate in a platinum crucible; the melt was leached 
with hot water, the solution filtered off, acidified with hydrochlorie 
acid, and boiled with a slight excess of ammonia and filter-pulp; 
the precipitate was ignited and weighed. The filter containing the 
residue from the fusion was washed with dilute hydrochloric acid to 
remove any potassium salt, the liquid boiled, made ammoniacal, 
and again filtered through the same paper, which was ignited and 
the residue weighed; in the case of tantalum and columbium 
pentoxides this residue was again fused with 2 grams of potassium 
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carbonate, giving a second soluble fraction and a final residue. 
It is interesting to note the ease with which columbium pentoxide 
js attacked by potassium carbonate at the melting point of the 
salt, whilst the reaction between tantalum pentoxide and potassium 
carbonate requires the heat of a very powerful blast burner. The 
weight of the final products was in excess of that originally taken 
owing to unavoidable contamination: we were unable to obtain 
chemically pure potassium carbonate, and the best article pro- 
curable was not quite free from silica and iron. In addition, the 
crucible was more or less strongly corroded by the fused alkali, 
which led to further contamination by platinum. The results of 
the preliminary tests are tabulated below. 


Weight of Weight of products. 


substance From From 
taken. first second Total 
Gram. ’ fusion. fusion. products. Remarks. 


2512 ZrO, Insoluble 0°2562 — 0°2562 
Soluble 0-0013 _- 0:0013 black (Pt). 


02503 Ta,O0, Insoluble 0°0242 0-0074 0:0074 black. 
Soluble 0°2285 0-0182 0°2467 


02500 Cb,O; Insoluble 0-0090 0:0012 0:0012 brown. 
Soluble 0°2434 0-0068 0°2502 


The following procedure was used in the test separations. The 
pure weighed oxides were fused with potassium pyrosulphate in a 
silica crucible until a clear melt was obtained; this was leached with 
water and the turbid liquid boiled with filter-pulp and a slight 
excess of ammonia. The precipitate was filtered off, washed with 
dilute ammonium nitrate solution, and strongly ignited in a 
platinum crucible. This preliminary treatment resulted in the 
production of an intimate mixture of finely divided oxides such as 
ould be obtained in an analysis. The mixed oxides were fused 
vith potassium carbonate (5 to 20 parts) over a powerful blast 
urner until the fusion was tranquil. The cold melt was leached 
ith hot water in platinum or porcelain and the liquid filtered 
hrough close-textured paper. It was, as a rule, necessary to 
‘filter once or even twice through the same paper, as the finely- 
livided zirconia gave a turbid filtrate at the start. The insoluble 
sidue was washed with 2 per cent. potassium carbonate solution. 
he filtrate was acidified with hydrochloric acid and boiled with 
ter-pulp and a slight excess of ammonia; the precipitate was 
tered off, washed with water containing ammonium nitrate, 
tongly ignited in a platinum crucible, and weighed. The residue 
om the leaching of the melt was washed with dilute hydrochloric 
id, the washings were boiled with a slight excess of ammonia, 
gain filtered through the same paper, the latter was ignited with 

3u*2 
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the residue and weighed; the weighed residue was again fused with 
potassium carbonate, etc., giving a second soluble fraction and 
residue. The latter was fused a third time, yielding a third soluble 
fraction and a final residue (zirconia). The precipitates from the 
three soluble fractions (tantalic acid) were combined. In the 
separation of zirconia from columbium pentoxide only two fusions 
were made. 

The final products were purified in the following manner. The 
zirconia residue was fused with pyrosulphate and the melt leached 
with cold dilute sulphuric acid to prevent the precipitation of the 
small quantity of tantalic acid present. The solution was precipi- 
tated with hydrogen sulphide after addition of a little filter-pulp 
for the purpose of collecting the platinum sulphide; the precipitate 
was filtered off, well washed, ignited, and weighed; it was then 
fused with a little pyrosulphate, the melt leached with concentrated 
tartaric acid solution, and the residue filtered off, ignited, and again 
weighed to ascertain its freedom from tantalic acid; the difference 
between the first and second weight, if any, was added to the weight 
of the zirconia. The filtrate from the platinum sulphide was nearly 
neutralised with sodium carbonate, and boiled for an hour with 
sodium thiosulphate. The precipitate was filtered off, washed,§- 
ignited, leached with dilute acid, the liquid made slightly ammoniacal, J 
filtered again through the same paper, and the washed precipitate 
ignited and weighed as zirconia. 

The combined tantalic (columbic) acid fractions were fused with 
pyrosulphate in a silica crucible; the melt was leached with con§ The | 
centrated tartaric acid solution, the residue filtered off, ignited, and § with p 
again fused as before. The melt was again leached with tartare flexperin 
acid solution, and the two combined leach liquors were treated with Ba secon 
hydrogen sulphide and a little filter-pulp. The precipitate, con- 
taining platinum and any siliceous matter present, was filtered off, Bvith po 
washed, ignited, and weighed. This weight was subtracted from 


as tantalum (columbium) pentoxide. The table on page 1935 shovsfhentoxic 
the results obtained. hid pres 

The figures prove that the amount of tantalic acid rendered The f, 
soluble in the first fusion was independent of the proportion d 


potassium hydroxide in a nickel crucible, at first gently for half 
hour, then strongly for twenty minutes. The result shows thal 
potassium hydroxide is less effective than the carbonate, which i 
to be ascribed to the lower temperature at which the fusion § 
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necessarily conducted; at a red heat, the fused alkali creeps over 
the edge of the crucible, and contamination of the melt with nickel 
becomes pronounced. The use of potassium hydroxide was there- 
fore abandoned. 


Weight of products. Grams of 
Weight of K,CO, 
substance j From From used in 
second third Total Purified each 
fusion. fusion. fusion. products. oxides. fusion. 
14 02504 ZrO, Insoluble 0-2930 0-2594 0-2554 “2 Not 
02501 Ta,0, Soluble  0-2134 0-0524 0-0066 “255 purified. 


cr 


Insoluble 0-3496 0-2644 0-2562 “256 0-2530 +0-0020 
Soluble 0-1658 00-0764 0-0090 “251% 0-2482 —0-0022 


Insoluble 0-2700 0-2686 0-2614 26 0-2589 +0-0086 
0-2495 Ta,O; Soluble 0-2318 0-0035 0-0122 0-2475 0-2414 —0-0081 


Reon woh ho b 


a Aad 


00126 ZrO, Insoluble 0-0486 0-0272 0-0214 0-0214 0-0186 -+0-0060 
02502 Ta,O,; Soluble 0-2186 0-0205 0-0120 0-2511 —0-0041 


02534 ZrO, Insoluble 0-3028 0-2726 0-2682 0-2682 } +0-0054 
02509 Ta,O, Soluble 0-2174 0-0342 0-0086 00-2602 3 —0-0033 


02511 ZrO, Insoluble 0-3475 0-2970 
0-2520 Ta,O, Soluble 0-1657 


02521 ZrO, Insoluble 0-3083 
0:2530 Ta,0, Soluble  0-2200 


02509 ZrO, Insoluble 0-2661 0- 0-2563 0-2515 
0-2520 Cb,O, Soluble 0-2673 0+ - 0-2718 0-2511 
0-2504 ZrO, Insoluble 0-2551 ~ 0-2551 0-2512 
02502 Cb,0, Soluble 0-2514 0-2514 0-2498 


Conclusions. 


The separation of zirconia from columbium pentoxide by fusion 
with potassium carbonate is quantitative within the limits of 
experimental error. It is advisable to submit the fusion residue to 
a second fusion. 

The separation of zirconia from tantalum pentoxide by fusion 
with potassium carbonate is less satisfactory than the preceding. 

ven after three fusions, the results show a positive error of 2—8 
ng. for zirconia, and a corresponding negative error for tantalum 
pentoxide. Roughly speaking, 80 to 90 per cent. of the tantalic 
cid present is rendered soluble in the first fusion. 

The fusion method described in this section should prove more 
specially useful for estimating zirconia in columbate minerals 

oorin tantalum. It may also be applied in the analysis of tantalo- 


7 olumbates for checking the purity of zirconia precipitates, or 


rtaining the presence of small quantities of zirconia in precipi- 
tes obtained by the usual method of hydrolysis. 


Tue Sr Jonn Cass TECHNICAL INSTITUTE, 
ALDGATE. [Received, August 26th, 1921.] 
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CCXXI.—Catalysis of the Mutarotation of Dextrose 
by Metals. 


By Wit1t1am Epwarp GARNER and Dovatas Norman Jackmay, 


In the course of experiments on the action of an electromagnetic 
field on the mutarotation of dextrose, it was observed that a field 
of approximately 20,000 gauss affected neither the rate of change 
of the reaction nor the concentration of the equilibrium mixture, 
A marked acceleration of the mutarotation was, however, noticed 
on repeating the experiments with nickel in the polarimeter tube, 
This phenomenon was subsequently shown to be due to the direct 
catalytic activity of metallic nickel, and not to any superimposed 
electromagnetic effect. Very little work appears to have been 
done on the effect of metal surfaces on the mutarotation of sugars, 
and no reference has been found ‘in the literature to the catalytic 
effect of metals like nickel. The platinum metals have, however, 
been shown by Plzak and Husek (Zetisch. physikal. Chem., 1904, 
47, 733) to catalyse the rate of inversion of sucrose. 

The mutarotation of dextrose is markedly accelerated by catalysts 
producing hydroxyl ions, and to a less extent by hydrogen ions, 
and it was possible that the function of the metal was to supply 
one of these ions. On the other hand, the catalysis of hydrogena- 
tion processes by metallic nickel made it possible that the accelera- 
tion was caused by some surface action. The observation was 
thus of interest, and an investigation promised to throw light on 
catalysis by metallic nickel in hydrogenation processes. 

The greater part of the work described in the present communica- 
tion has been carried out with metallic nickel, but preliminary exper'- 
ments have shown that the nickel may be replaced by cobalt, iron, 
and copper. The dextrose could also be replaced by other sugars. 
The activity of the metals was considerably increased by a pre- 
liminary oxidation and reduction of the surface, and the temper 
ture at which the reduction was carried out had an important 
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bearing on the activity of the metal. The best temperature fo 
the reduction of the nickel was 340—440°; when reduced above 0 
below these temperatures, the metal shows a much smaller activity 

The action of the catalyst was not uniform from the beginning 
to the end of the reaction; there was an induction period in thé 
beginning, and a decline in the activity of the catalyst towards 
theend. This decline in the activity of the catalyst is a phenomen? 
which is frequently observed in hydrogenation with metallic nicke 
(Willstatter and Waldschmidt-Leitz, Ber., 1921, 54, [B], 1!) 
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The decrease in the activity of the surface was accompanied by 
the dissolution of some of the metal. This dissolved or dispersed 
metal is still active in solution, as was demonstrated by adding it 
to a freshly prepared dextrose solution. The activity of the 
solution, however, declines slowly; a change which is probably 
associated with the formation of a compound of the metal with 
dextrose. 

The surfaces of cobalt and nickel are attacked by water, with 
the formation of hydroxide and the liberation of hydroxyl ions. 
The surface of the reduced metal is attacked more rapidly than 
that of either the untreated or oxidised metal. The rapidity of 
production of hydroxyl ions by the metal runs roughly parallel 
with its effect as a catalyst on the mutarotation of dextrose. 
Thus cobalt, which gives rise more readily to hydroxyl ions than 
metallic nickel, is also the more effective as a catalyst. 

It is difficult to state definitely the source of this hydroxyl ion. 
Since the catalysis is not decreased by the replacement of the 
oxygen in the water by hydrogen, it is evident that dissolved 
oxygen plays but a small part. There appear to be two alter- 
native sources, (@) a sub-oxide of the metal, and (b) adsorbed hydro- 
gen and oxygen on the surface. In the former case hydroxyl ions 
would be formed by the interaction of the oxide with water, and 
in the latter case the adsorbed gases could unite in the presence 
of water to give this ion. Thus: 


Ni "7 
—H a e ; 
=o OH ——» OH 
Ni: Ni! 


The catalytic activity of the metals in the platinum group is 
generally ascribed to the presence of hydrogen and oxygen. Mond, 
Ramsay, and Shields (Phil. Trans., 1898, [A], 191, 105) showed 
that both hydrogen and oxygen can exist together in metallic 
palladium. Willstiitter (loc. cit.) emphasises this point and puts 
forward a theory of catalysis in which the catalyst is a compound 
of platinum with both hydrogen and oxygen. Brochet expressed 
an opinion that pure nickel is catalytically inactive, and this has 
recently been confirmed by Willstitter, who finds that the most 
readily reduced organic compounds cannot be hydrogenated in 
the presence of nickel which has been completely freed from oxygen. 
This inactive nickel can, however, be activated by priming with 
oxygen. 

It thus appears that the source of the hydroxyl ions is either 
the sub-oxide or the hydrogen and oxygen adsorbed on the nickel 
or cobalt surface. This is in accordance with the experiments 
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with oxidised metals; the activity of an oxidised metallic surface 
is always much smaller than that of a reduced surface. An 
explanation is also provided for the relative inactivity of metallic 
nickel, when reduced at high temperatures, for in this case the 
dissolved or combined oxygen is probably almost completely 
removed. 

The catalysis by nickel is almost entirely inhibited by the 
addition of small amounts of hydrochloric acid, the effect not 
being permanent if the acid is neutralised within a few minutes. 
Much greater concentrations of acid are required to render the 
surface of cobalt passive, for in this case the tendency for the 
formation of hydroxy] ions is much greater. 

Alkali, either sodium or ammonium hydroxide, although speeding 
up the mutarotation, is without effect on the catalyst, the catalytic 
reaction proceeding at almost the same rate in alkaline as in pure 
aqueous solution. 

The temperature coefficient of the catalytic reaction is doubled 
every five degrees, being almost the same as the temperature 
coefficient of the normal reaction. It is thus unlikely that the 
reaction occurs on the surface of the solid metal; for the temperature 
coefficient of such heterogeneous catalytic reactions rarely exceeds 
1:3 per 10°. The acceleration of the mutarotation must there- 
fore be due to a catalyst, present in the solution. 

The published experimental data on the catalysis of the muta- 
rotation of dextrose by hydroxyl ion are very conflicting. The 
concentrations of the hydroxyl ion are usually determined from 
hydrolysis and dissociation constants and the calculations are 
frequently subject to considerable errors. Asaka (Zeitsch. physikal. 
Chem., 1900, 35, 685) finds values for -. x 10%, varying with 


Con 
the source of the hydroxyl ion; K is the velocity constant and 
Cow the concentration of the hydroxyl ion. Some of the results 
are given below and it will be seen that the amounts of hydroxyl 
ion required to double the velocity constant in neutral solution 
vary between 1-0 x 10“ and 1-0 x 10° N. 


[OH’] required 


—4 
Source of OH’. Temp. Con’ x 10~. to double K. Author. 
a: | 25° 15 13x 10% Osaka. 
4d 
Pyridine “ 0°22 9:0 x 10-* - 
Aniline - 0°19 10°0 x 10° a 
Na,CO, 20 0:0133 il x 10° Murschauser.* 


* Biochem. Zeitsch., 1920, 106, 23. 


The question now arises as to whether sufficient hydroxyl ion 
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is produced by the metallic surface to account for the catalysis that 
js obtained. From Tables V and VI it will be observed that 
/50,000 to N/100,000 acid is sufficient to inhibit the catalysis 
with metallic nickel, therefore the total amount of hydroxyl ion 
roduced in the dextrose solution cannot be greater than corres- 
ponds with these concentrations of acids. These values are 
intermediate between the concentrations of Osaka and Murschauser, 
which were required to double the rate of mutarotation. We are 
thus unable to state definitely that the hydroxyl ion is the sole 
cause of the catalysis, but since the concentrations of hydroxyl ion 
produced in the polarimeter tube are of the same order as those 
found to be effective by Osaka, it would seem that this explanation 
of the catalysis is the most satisfactory that can be put forward. 


EXPERIMENTAL. 


Purity of Dextrose—The catalytic activity of nickel is dependent 
on the purity of the dextrose and particularly on its acidity. Acid 
behaves as a negative catalyst even when the concentration present 
is insufficient to increase appreciably the rate of mutarotation. 
The greatest acceleration of the rate of mutarotation was given 
by a quantity of Kahlbaum’s dextrose which was neutral to litmus. 
Dextrose, free from acid and crystallised many times from alcohol 
and water, usually gave a lower activity than this dextrose. 
Dextrose from several sources, purified in different ways, could 
always be catalysed to some extent by metallic nickel. 

Purity of Nickel and Cobalt.—Nickel was used as foil and in 
the form of spheres. The former was a pure sheet nickel and the 
latter the pure metal supplied by the Mond Nickel Co. The 
surface of the metal was found to deteriorate with continued use, 
but its activity could be restored by cleaning with emery cloth. 
Different batches of the nickel spheres varied greatly in their 


behaviour on oxidation and reduction and in their activity. In 
some cases expansion of the nickel spheres occurred on oxidation 
and cracks frequently developed. These irregularities made the 
reproducibility of results somewhat difficult. 

The magnitude of the effect with untreated metallic nickel was 
dependent on the manner of cleansing of the nickel surface; thus, 
When cleaned with alcohol and ether, the surface was more active 
than when cleaned with hydrochloric acid. 

The cobalt contained traces of iron, but was free from nickel. 

Apparatus.—The catalysis was carried out in polarimeter tubes, 
which were gently rocked on a platform between the polariser and 
the analyser by means of a crank and motor, and a constant rate of 
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stirring was secured by means of a small opaque glass bead, which 
traversed the whole length of the tube. A constant temperature was 
maintained by circulating a stream of water at 25° through the 
outer jackets of the polarimeter tubes arranged in parallel. The 
activity of the nickel surface was found to be increased by a pre. 
liminary oxidation and reduction. It was necessary to standardise 
carefully the conditions under which the oxidation and reduction 
were carried out. Gas furnaces were first employed for both the 
oxidation and reduction, but in the majority of the experiments the 
reduction was effected in an electric furnace. The active material 
was employed in several forms. Thus in some cases tubes of foil 
closely fitting the internal surface of the polarimeter tube were 
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Time in minutes. 


employed as catalysts. Nickel spheres of about 0-4 cm. diameter 
and strips of metal were also used. 

The readings were taken as rapidly as possible, by stopping the 
rocker and holding the tubes in position. The average time taken 
to read each tube was one minute. 


Temperature of Reduction and the Activity of the Nickel. 


Nickel spheres were oxidised in a nickel tube at approximately 
800° for half an hour and then placed in a platinum boat and 
reduced at a constant rate of flow for one hour and cooled to 100° 
in electrolytic hydrogen. The electric furnace was suspended, 5 
that it could be gently rocked during the operation. 


Th 


reduc 


Th 
pared 
and § 
in ea 
at the 
furna 
the sa 
at the 
The x 
blank 
for th 
at 7° ; 
deviat 
as wil 


which 
e Was 
h the 

The 


. pre- 
ardise 
1ction 
h the 
ts the 
terial 
of foil 


were 


meter 


g the 
taken 


THE MUTAROTATION OF DEXTROSE BY METALS. 1941 


The appearance of the nickel spheres after this treatment varied 
with the temperature of reduction; below 300° the surface was 
a dull grey, and above 340° it had a bright metallic appearance. 
The dull grey surface was rarely active. Kahlbaum’s dextrose 
was employed throughout, and the concentration of the solution 
was 10 per cent. by weight of dextrose. This concentration was 
employed throughout the work. Twenty spheres of a total area 
of 3-2 sq. em. were used in each 2-dem. tube. The results are 
summarised in Table I and Fig. 1. The differences between 
the polarimeter readings of the blank and of the tube containing 
the nickel spheres are plotted against the time in minutes. The 
maximum difference between the two readings usually occurred 
at about forty-eight minutes if the spheres were appreciably active. 
The maximum deviations for each temperature of reduction are 
given in the table, and the appearance of the spheres is noted. 


Table T. 


Maximum Maximum 
Temp. deviation. Appearance. Temp. deviation. Appearance. 
500° 004° Bright. 360 188° * Bright. 
460 0-14 re 340 184 * na 
435 L-1o 99 310 0°26 Dull. 
410 1°42 Pe 200 unchanged Black. 


390 1°26 


°° 


* Effects of this magnitude were only produced with Kahlbaum’s dextrose. 


The maximum activity under these conditions is obtained hy 
reduction at 340—360°. 


Temperature Coefficient of Catalytic Reaction. 


The catalytic action of nickel on dextrose solution was com- 
pared at two temperatures, 7° and 26°, and of cobalt at 3-8° 
and 26°. The two metal strips of equal surface area employed 
in each experiment were cut from the same sheet, and oxidised 
at the same temperature and reduced at 380°, side by side in the 
furnaces. The activity of the two strips was as nearly as possible 
thesame. The temperature of the polarimeter tubes was maintained 
at the above values by streams of water through the outer jackets. 
The maximum deviation between the polarimeter readings of the 
blank experiment and the tube containing the metal was greatest 
for the lower of the two temperatures; thus a deviation of 1-46° 
at 7° against 0-87° at 26° occurred with the metallic nickel. These 
deviations are not a measure of the relative speeds of the reaction, 
as will be seen from the velocity constants over the first three- 
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quarters of the reaction, given in Table II. The velocity constants 


are calculated from the formula, K = ; og = 


a-—-x 


TaB_e II. 


Maximum K K K Metal 

Metal. ‘emp. deviation. Blank. Metal. K Blank 
Nickel 46° 0-00160 0°00226 1:4] 
ai 7 0°0119 0°0173 1°45 
Cobalt 3° od 0°00134 0:00369 2°76 
2°5! 00124 0°0340 2°74 


%”? 


- =< is the same at the two temperatures, showing 
that in the cases of both nickel and cobalt the temperature coefficient 
of the catalytic reaction is almost identical with that of the normal 
reaction. The velocity constant is thus doubled for every 5° rise 
in temperature. 


The ratio of 


Deterioration of the Activity of the Surface. 


The deterioration of the surface with time is mainly caused by 
the dissolution of the active metal. The nature of the effect can 
be seen from the following typical results. 

The metal after use in one experiment was immediately washed 
with dextrose solution, transferred to a newly-made solution, and 
the rate of mutarotation determined. When nickel spheres were 
used, the activity of the metal was completely destroyed after 
use in one experiment, but with the more active nickel and cobalt 
strips, the metal still possessed residual activity. The following 
mean velocity constants for the first hour of the mutarotation 
illustrate this effect. 


Tasce III. 


Metal. K. K. 
Nickel freshly reduced. 0°0144 used again. 0°0122 
Blank. 00114 0-0113 


Cobalt freshly reduced. 0°0245 used again. 0°0177 
Blank. 0°0122 0:0122 


Since it was possible that the activity of the metal had been 
transferred to the solution, the liquid from a previous experiment 
was mixed with a freshly prepared solution of dextrose. When 
the spheres were used, the solution was frequently inactive, but 
occasionally the liquid itself contained active material, which was 
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able to catalyse the speed of reaction of a fresh solution. Thus 
in the two experiments above, when 50 per cent. of the solution 
from (1) or (3) was added to a fresh dextrose solution, the rates of 
mutarotation were greater than when 50 per cent. of either of the 
solutions (2) and (4) was added to a fresh dextrose solution. 
From (1) K =0-0129, (2) K=0-0113, (3) K=0-0153 and 
(4) K = 0-0122. 

Kahlbaum’s dextrose recovered by evaporation of the aqueous 
solution to dryness, gave the normal velocity of mutarotation, 
although it contained nickel. 

The metal goes into solution as hydroxide, for both hydroxyl 
ions and the metal cations can be detected in the solutions. A 
freshly reduced cobalt surface is rapidly attacked by distilled 
water, liberating hydroxyl ions. The effect with untreated or 
oxidised cobalt is much smaller. The concentration of hydroxyl 
ios in the experiments with cobalt and dextrose was about 
N/20,000 at the end of the mutarotation, and this concentration 
is sufficiently great to account for the observed catalytic effect 
(Hudson, J. Amer. Chem. Soc., 1907, 29, 1574). 

Nickel slowly gives hydroxyl ions with water, but no hydrexyl 
ions could be detected in the dextrose solutions by means of litmus, 
even in the middle of the experiments. Since the alkalinity of 
the dextrose solutions slowly decreases on keeping, it is probable 
that, in the case of nickel, hydroxyl ion is only present in the 
neighhourhood of the nickel surface. 


The Effect of Dissolved Oxygen. 


Since water containing oxygen attacks cobalt and nickel, it was 
possible that the oxygen dissolved from the air was responsible 
for the catalysis. Water was freed from oxygen and carbon 
dioxide by boiling, and saturated with hydrogen. When the water 
had cooled to the ordinary temperature, dextrose was introduced 
without admitting any air to the apparatus. The solution of 
dextrose was rapidly transferred to a polarimeter tube containing 
either reduced nickel or cobalt. At the same time, a dextrose 
solution was made up in distilled water saturated with air, and 


| the effect of a strip of metal determined. The two strips were cut 
| from the same sheet and were reduced side by side. 


The catalysis was somewhat greater in the boiled solution than 


| in the solution containing air, possibly owing to the removal of 
carbonic acid, which when present would reduce the hydroxyl-ion 


concentration. It is thus clear that the catalysis is not determined 
by the oxygen dissolved in the water. 
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Acidity and Alkalinity of the Dextrose Solution. 


The addition of smali quantities of sodium hydroxide or hydro. 
chloric acid to the dextrose solutions yielded interesting results, 
The experiments are divided into two series, the first a preliminary 
series with nickel tubes and the second with nickel spheres, carried 
out after more experience had been gained. In the preliminary 
series sometimes new tubes and at other times the old tubes 
newly reduced were used. ‘This was unsatisfactory, as the activity 
of the tubes changed with use. It was thus necessary to take the 
mean of the results. Acid was found to destroy the activity of 
the nickel, whereas alkali on the whole did not appear to decrease 
the catalytic effect. Since carbon dioxide was not removed from 
the solution, the alkali may have been present as carbonate, but 
at these dilutions the degree of hydrolysis is considerable. The 
maximum lead in degrees given by the nickel tube over the blank 
is given in Table IV. From the mean values the effect of the 
alkali is seen to be slight. The effect of continued use with 
alkaline dextrose solutions is seen in the last row of figures. 

Ammonia appears to resemble sodium hydroxide in its action. 


TABLE LV. 


Effect of Alkali on the Catalysis. 


Normality 

of NaOH. Maximum lead. Means 
None 1:4, 0°62, 0°95, 0°80 0°94 
N’/20,000 0°84 0°84 
N/10,000 0°62, 0°76, 1°36, 0°75, 0°72 0°84 
N/5000 0°87, 0°57, 1°01, 0°65 0°77 
N/2500 1-03, 1-07, 0°86, 0°86 0°95 
None * 0°50, 0°53, 0°28, 0°16 0°37 


* Previously used with alkali. 


It became evident that a nickel surface could only be used once 
if reproducibility of results was to be obtained. In the second 
series, it was therefore decided to use nickel spheres, since these 
could be replaced after every experiment and a large number 
could be oxidised and reduced at one time, under identical con- 
ditions. These spheres made possible comparative measurements 
with the same active surface of nickel, and experiments with acid 
and alkali could be carried out simultaneously. Four to six tubes 
were employed in each series of experiments, and a typical series 
contained the following experiments: (1) blank; (2) dextrose 
solution and twenty nickel spheres, 0-4 cm. in diameter ; (3) dextrose 
solution and alkali; (4) dextrose solution, alkali, and nickel spheres; 
(5) dextrose solution and acid, and (6) dextrose solution, acid, and 
nickel spheres. 
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The magnitude of the catalytic effect varied with the different 
hatches of spheres, and more difficulty was experienced in obtain- 
ing an active surface than with sheet nickel on account of the 
smaller area employed. 

Concentrations of acid and alkali varying from N/1000 to 
¥/500,000 were used. With alkali of greater concentration than 
1/1000, the speed of mutarotation was too great to be conveniently 
measured. The requisite quantity of acid or alkali was added as 
one drop of a solution of the necessary strength. 


Results with Acid and Alkali. 


The change in the velocity constants with time in some of the 
experiments is given in Table V. Where catalysis occurs, the 
velocity constants increase to a maximum value and then decrease. 


TaBLe V. 
Acidity or Mean K for 
alkalinity. Velocity constant. the first hour. 
Lero. 0°0104, 0°0093, 0°0097, 0-0101 0°0098 
» + Ni. 0°0109, 0°0120, 0°0140, 0°0112 0°0123 
¥/1000-HC1. 0°0097, 00104, 0-0091, 0°0088 0°0098 
- + Ni. 0°0093, 0°0100, 0°0094, 0-0084 00094 


Zero. 0°0097, 0°0096, 0°0103 0°0097 
» + Ni. 00142, 0°0148, 0°0067 0°0145 


¥/10,000-NaOH. 0°0110, 0°0109, 0°0095 00110 
“1. + Ni. 0°0129, 0°0173, 0°0090 0°0150 
Y/10,000-HC1. 0-0111, 0°0102, 0°0094 0°0107 
” + Ni. 00109, 0°0106, 0°0080 0°0108 


The mean velocity constant for Kahlbaum’s dextrose was 0-0098. 
ih a series of experiments with dextrose supplied by the British 
Drug Houses, Ltd., the mean velocity constant was 0-0101; the 
tates of mutarotation, therefore, are very similar. 

In Table VI the differences between the mean velocity constant 
of the blank and that with nickel are given, together with the 
laximum deviation. 

TaB.e VI. 


Dextrose with Dextrose with 

Alkali Dextrose only. alkali. acid, 

’ and acid A. A. A. 
Nature of — concen- Vel. Max. Vel. Max. Vel. Max. 


idextrose. tration. const. dev. const. dev. const. dev. 


N/1000 i —  —0-0003 0-00° 
N/10,000 3. 0:72° + 0-0001 0:06 

— +400002 O15 
N/50,000 + 0:0032 069 +0 OTL +0-0017 0-22 

mr — +0-0002 0°06 
N/100,000 0032 0°62 4.0028 0:50 + 0-0003 0°25 
N/500,000 0023. 0°52 + 0-010 0:23 + 0:0006 0°15 


* Nickel tubes. 
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The negative catalytic effect of hydrochloric acid is very marked § comfy 
up to a concentration of N/50,000; above this concentration up @ hour 
to N/500,000, the acid still reduces the activity of the nickel, 

On the other hand, alkali does not materially reduce the activity, 
except in the doubtful case of NV /500,000-alkali. 

More nickel is detected in the solution when hydrochloric acid 
is present. 

Cobalt was much less sensitive to hydrochloric acid, N/10,000. 
acid being insufficient to destroy the catalysis. A slight initial 
retardation is noticed, but after a few minutes the catalytic reaction 


proceeds at its full rate. Nic 
accel 


, . , catal 
Effect of Metals and their Oxides on the Mutarotation of Dextrose. § auc 


In order to compare the effects of various metals, a number of J Th 
metal strips were placed in the polarimeter tubes, and stirring was § and 
effected by means of an oxidised nickel sphere. The copper and § alkali 
iron were oxidised at 800° for ten minutes and the cobalt and 1/60 
nickel for half an hour; the strips were all reduced at 380° for § 1/80, 
half an hour. The values for the velocity constant at 25° ar 
given in Table VII. The areas of the metal strips were only 
approximately the same, and the amount of active reduced metal fl The 
differed greatly in the four cases. Owing to the difficulty of oxidis- J muta 
ing metallic nickel, the amount of reduced metal was much smaller J Only 
than in the cases of iron and cobalt. Also the best temperature§ Lac 


of reduction may not be the same for other metals as for nickel. and 0 
Ma 
Tasie VII. Le 
moe Gal 
Various Metals. 
Ow 
Velocity constant. Percentage of Bf availa 
Area in metal in the 
Metal. sq.cm. 16min. 39 min. 62 min. 78 min. Ist hr. solution. fit, h 
Fe 40 0°0137 0°0164 0°0157 0°0125 0°0152 Not cataly 
determined. 
Ni 24 00118 0°0128 0°0125 0°0135 0°0123 0°0076 


Cu 39 00118 0°0126 00119 O-0117 0°0121 0-022 
Co 35 0°0234 0°0400 0°0490 — 0°0361 0°0035 
Blank 00119 O-0112 O-0118 0°0115 0°0116 _— 


Nic 


The amount of metal which goes into solution is no criterion o 
the activity of the metal. 

The oxidised metal was always less active than the reduced 
metal, and in the case of nickel the oxidised material was practically 
inactive. Two series of experiments are given below, one in which 
nickel and cobalt and the other in which nickel and copper al 
compared with one another. In each series the five tubes wel 
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1arked § compared simultaneously. The mean velocity constant for the first 
on up @ hour is given. 
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TaBLeE VIII. 
Velocity constant. 

Series. Copper. Nickel. Cobalt. Blank. 
(1) Oxidised. 00113 00100 on 0-0100 
(1) Reduced. 00174 00204 sain 3 
(2) Oxidised. ans 00100 00145 ‘ 
(2) Reduced. — 0°0144 0°0297 pa 


Nickel in these and in other experiments always gave a higher 
acceleration of the mutarotation than copper. Oxidised cobalt 
catalyses the mutarotation of dextrose at about the same speed as 
reduced nickel. 

The nickel solutions in series (2) were acid to phenolphthalein, 
and both cobalt solutions were alkaline to this indicator. The 
alkalinity of the solution in contact with the reduced metal was 
y/6000, whereas that in contact with the oxidised metal was 
/80,000. 


Other Sugars. 


The property possessed by nickel of catalysing the rate of 
mutarotation was found to extend to other sugars than dextrose. 
Only qualitative experiments were made. 

Lactose. Maximum deviation of 0-48° on 4-15°, 0-20° on 2-51°, 
and 0-22° on 2-37°. 

Maltose. 0-25° on 2-91°. 

Levulose. Slight effect. 

Galactose. No effect. 

Owing to the small quantities of maltose, levulose, and galactose 
available, no great importance can be attached to these results. 
It, however, appears from the lactose experiments that the 
catalytic action of nickel also takes place with other sugars. 


Summary. 


Nickel, cobalt, iron, and copper have been shown to catalyse 
the mutarotation of dextrose. The metals are more active after 
preliminary oxidation and reduction of the surface, and the 
temperature of reduction has an important bearing on the activity 
of the metal. An oxidised metal surface is either inactive or gives 
4much smaller catalytic effect than the reduced surface. 

The surface of the catalyst deteriorates with time, owing to 
the dissolution of some of the metal as hydroxide. 
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The hydroxyl-ion concentration obtained is of the same order 
as that necessary to produce the observed change in the velocity 
of mutarotation. The catalytic reaction is not caused by the 
oxygen dissolved in the dextrose solution, for the catalysis occur 
in oxygen-free water, but is presumably associated with the 
oxygen and hydrogen dissolved by or in combination with the 
metal. 

Very low concentrations of acid inhibit the activity of nickel 
and reduce that of cobalt, whereas alkali has but a slight effect 
on the catalytic reaction. 

The velocity constant of the catalytic reaction is doubled for 
every 5°; it is thus unlikely that the catalysis occurs on the surface 
of the metal. 


In conclusion, we wish to express our thanks to Professor F. (. 
Donnan for providing the facilities for this work. 


Puystcat CHEMICAL LABORATORY, 
UnIvERsITy COLLEGE, LONDON. [Received, September 9th, 1921.) 


CCXXII.—The Decomposition of Ozone by Light of the 
Visible Spectrum. 


By Ropert OWEN GrRiFFitH and WILLIAM JAMES SHOUTT. 
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THE photochemical decomposition of ozone has been studied by 
Regener (Ann. Physik, 1906, [iv], 20, 1033), von Bahr (ibid, 
1910, [iv], 33, 598) and Weigert (Zeitsch. physikal. Chem., 191?, 
80, 78). All these investigators employed ultra-violet light, the 
effective deozonising region being in the neighbourhood of 254 jp. 
It is also known that, in the presence of chlorine (compare Weigert, 
Zeitsch. Elektrochem., 1908, 14, 591), light of longer wave-length, 
namely, that of the blue and violet portions of the spectrum, wil 
cause ozone to decompose. The object of this investigation wa 
to test, in a purely qualitative manner, whether ozone is decom 
posed by the action of light of still longer wave-length, that d 
500 to 800 wz. In the general discussion on catalysis before the 
Faraday Society, September, 1921, W. C. McC. Lewis has show, 
from theoretical considerations based on his radiation theory d 
chemical reactivity, that the longest wave-length of light capable 
of decomposing ozone in a unimolecular manner should be abott 
700 yp. This, however, does not eliminate the possibility that 
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shorter waves, in addition, may have the same effect. The results 
of this preliminary work seem to prove that ozone decomposes 
under the action of red and yellow light; but it is hoped, at a 
later date, to define the limits of the effective spectral regions 
with greater precision than is now possible. 


EXPERIMENTAL. 


The method adopted to ascertain whether photochemical decom- 
position of ozone occurs on illumination with light of the visible 
portion of the spectrum was that of following the pressure changes 
which take place when a constant volume of ozonised oxygen is 
subjected to light of constant intensity. Since two volumes of 
ozone are converted, when decomposed, into three volumes of 
oxygen, the extent of the decomposition may be calculated. 

Ozone was prepared by the method of Fischer and Massenez 
(Zeitsch. anorg. Chem., 1907, 52, 202, 229), namely, the electrolysis 
of dilute sulphuric acid at a high anodic current density, using 
a water-cooled platinum anode. This was made by shaping a thin 
platinum tube of 3$ mm. external diameter into the form of a U, 
the two vertical limbs being about 5 cm. in length, the horizontal 
portion 3 cm. ‘The two ends were silver-soldered into two stout 
copper tubes. ‘The horizontal portion of the anode was sealed into 
blue enamel glass, which was then carefully filed down at one side 
s0 as to expose a platinum surface of 6 x 0-5 sq. mm., and the 
remainder of the tube was given several coats of paraffin wax. 
The anode was placed in the central limb of a double H vessel, 
the two outer limbs of which contained lead cathodes, and the 
horizontal connecting portions glass wool. Cooling was effected 
by a stream of water (temperature 8—10°) flowing through the 
platinum tube, the velocity being maintained at about 1-5 litres 
per minute, and also by immersion of the whole cell in a bath at 
he same temperature. 

Using, as recommended by Fischer and Massenez (loc. cit.), an 
acid of density 1-085 as electrolyte and an anodic current density 
f approximately 45 amperes per sq. cm., corresponding with a 
urrent of 1-3 amperes, no difficulty was experienced in obtaining 
M1 ozone concentration of 17 per cent. by weight (11 per cent. by 
olume). The ozonised oxygen rising from the anode was collected 
nasmall glass bell and conveyed, by capillary tubing, either to a 
eservoir in which it could be stored over concentrated sulphuric 
‘ id or through an absorption tube for analysis. From time to 
me the gas given by this apparatus was analysed and was found 
0 be of almost unchanged composition, 16-8 to 17-1 per cent. of 
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ozone.* This was the concentration of ozone employed in mos 
of the experiments to be described. 

The remainder of the apparatus is shown in the figure. 

From the gas reservoir, A, the ozone was transferred to the 
experimental tube, B, of dimensions 40 cm. in length, 1-8 em. in 
diameter, and capacity 107 c.c., which stood vertically in a glass 
thermostat. The sulphuric acid manometer, C, made of capillary 
tubing of 1 mm. bore, was connected as shown with the tube, B 
and the compensator, D, a glass balloon of 1 litre capacity, immersed 
in the thermostat. Finally, the whole apparatus was joined to 
mercury- and water-pumps, through a tube containing potassium 
hydroxide, which served the purpose of decomposing the ozone as 


Fia. 1. 


| 
« Y 


it was pumped out, thereby preventing its attacking the mercury 
of the pump. The apparatus was constructed entirely of glass 
and the gas came into contact only with glass, sulphuric acid, and, 
to a slight extent, with glacial phosphoric acid used for lubricating 
the taps. Before being sealed to the rest of the apparatus, the 
reaction tube, B, was treated with chromic acid mixture, rinsed 
with distilled water, and dried, care being taken to exclude particles 
of dust. This was rendered necessary since Warburg (Ann. Physik 
1902, [iv], 9, 1286) found that ozone decomposes very slowly 4 


* At a late stage in the work, damage to the anode necessitated the 
making of a new and possibly less efficient one. This, together with 4 
higher temperature of the water used for cooling, resulted in a lower z0le 
concentration—13 per cent.—and a few experiments were made with this 
ozone. 


OZONE BY LIGHT OF THE VISIBLE SPECTRUM. 1951 


the ordinary temperature in the dark, but that the rate may be 
much increased by traces of foreign matter, which acts catalytically 
in promoting the unimolecular reaction O; —> O, + O. He showed 
that the velocity of deozonisation is apparently independent of 
the nature of the agent used to dry the gas and that, in the tubes 
most free from dust particles, the ozone concentration fell only 
from 8 per cent. to 7-5 per cent. in the first 100 hours, at room 
temperature. Experiments carried out with the tube B, whilst 
showing a greater decomposition than this, proved that the amount 
of “ catalytic dark decomposition,” in all cases, was too small to 
affect the results obtained during the time the tube was illuminated. 
Thus the maximum “ dark decomposition ” ever observed corre- 
sponded with an increase of pressure of 5-4 mm. of sulphuric acid 
in 220 minutes. This maximum, which was far higher than the 
average amount of “dark decomposition,” corresponds with a 
quantity approaching the order of the experimental error in reading 
the manometer, when reduced to the time taken for an experiment 
in which the tube was illuminated. Weigert (loc. cit.), in an 
investigation on the decomposition of ozone by ultra-violet light, 
observed a much greater decomposition in the dark, but this is 
probably due to the fact that his ozone was in contact with paraffin 
and also with sulphuric acid. 

The source of illumination used was a hand-regulated carbon 
are projection lamp, consuming 30—35 amperes. The horizontal 
beam formed by two lenses was reflected vertically downwards by 
a plane mirror. It then passed through a layer of water, the 
thickness of which could be varied, two thick plates of crown 
glass (total thickness 3-2 cm.) and a double convex lens. Before 
entering the experimental tube it traversed a further layer of 
water, the depth of which could be adjusted by altering the level 
of the syphon, HZ. The intensity of the light of the carbon arc 
leaves much to be desired in point of constancy and, as a source 
of illumination for photochemical work in general, it is not very 
suitable; but, as the main purpose of this investigation was to 
establish qualitatively the decomposition of ozone in visible light, 
this disadvantage was outweighed by the strong intensity obtainable. 
By observing certain precautions, however, such as carefully 
regulating the distance between the poles so as to maintain a 
constant current strength, it was found possible to avoid large 
and sudden irregularities in the intensity of the light, but it is 
difficult to remedy the gradual change in the light due to move- 
ment of the position of the positive crater. During an experiment, 
jg° Vigorous stream of water, either direct from the town supply 
or from an auxiliary thermostat, was passed through the main 
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thermostat in order to maintain a constant temperature in th 
reaction tube. The temperatures employed in different experiments 
varied between 8° and 30°. 

When the tube containing 16—17 per cent. of ozone at atmo. 
spheric pressure was illuminated, the beam appeared of a slighi 
but distinct blue colour, indicating absorption of the less refrangibk 
portion of the spectrum. This has previously been observed by 
several workers, among whom mention may be made of Liveing 
and Dewar (Phil. Mag., 1888, [v], 25, 286), although they state 
that the absorption bands of ozone in the visible part of the 
spectrum are extremely faint. 

On exposure of the experimental tube containing ozone to light, 
the following changes in the pressure were observed. The pressure 
first increased rapidly for about fifteen seconds, then rose steadily, 
but more slowly; finally, on cutting off the light, the pressure fell, 
attaining in four minutes a constant value, which corresponded 
with a certain amount of decomposition of ozone. This result is 
due to a heating effect caused by absorption by the ozone of certain 
parts of the visible spectrum, the energy of which is converted into 
infra-red radiation. By the use of a light of constant intensity, 
after fifteen to twenty seconds, a stationary thermal state is 
reached when the amount of heat flowing out from the tube to 
the thermostat, maintained at constant temperature, is equal to 
that being generated by the absorption. The further, slower 
increase of pressure is that due to decomposition of ozone. When 
the light is turned off, the pressure again decreases as the tem- 
perature of the contents of the tube falls to that of the thermostat. 
Thus, in one experiment, the following figures were obtained : 

Temperature of thermostat = 10°. Barometric pressure = 
758 mm. Manometric difference at the start, 1-6 mm. of sulphuric 
acid. Manometric difference after five minutes’ illumination, 
20-4 mm. of sulphuric acid. 

The light was then cut off and the manometer read after the 
lapse of a further five minutes. 

Final manometric difference, 9-3 mm. of sulphuric acid. We 
therefore obtain as the increase of pressure due to decomposition 
of ozone during illumination for five minutes, 9-3 — 1-6 = 7-7 mm. 
of sulphuric acid, and an increase of pressure due to heating of 
the ozone, 20-4 — 9-3 = 11-1 mm. of sulphuric acid. 

From the latter increase of pressure may be calculated the average 
rise of temperature in the tube. In this case the value obtained 
is 0-5°. 

Table I shows one series of results out of many obtained by 
illuminating the experimental tube for successive intervals of five 
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minutes and interpreting the observed manometric differences in 
the manner indicated in the above calculation. 


TABLE I, 


Temperature = 10°. Pressure = 768 mm. Ozone concentration 
== 11 per cent. by volume. 


Po p. P — Po p’. p’ — p. AT’. 
1-7 13-4 11-7 29°3 15°9 0°79° 
13-4 23°2 98 34°2 11:0 0°55 
23°2 31:2 8-0 41°5 10°3 0°52 
34°8 41°7 6°9 53°6 11-9 0°59 
41-7 49°9 82 62-4 12°5 0°62 
50°3 57°8 75 68°8 11:0 0°55 


Where p, = the initial difference of pressure, before illumination, 
in mm. of sulphuric acid; p = the final difference of pressure after 
attainment of thermal equilibrium ; p’ = the difference of pressure 
immediately before cutting off the light; A7’ = the mean rise of 
temperature of the gas above the temperature of the thermostat. 

The increase of pressure (column p — po) corresponding with 
total decomposition of the ozone present = 317 mm. of sulphuric 


acid. 

These results show that, with the light employed, ozone undergoes 
decomposition and that the extent of decomposition, in equal 
intervals of time, is as nearly constant as could be anticipated 
from the nature of the source of the light. 

In all our experiments in which decomposition of ozone was 
indicated, this heating effect (column A7) was observed. Its 
extent depended on the intensity of the light, but was usually of 
the order of 0-5°. This was the average rise of temperature of the 
zonised oxygen during illumination, and it is, of course, in itself 
insufficient to account for the observed rate of decomposition. 
Che possibility remained, however, that the gas near the centre of 
he tube might be at a far higher temperature, sufficiently high, 

fact, to account for the decomposition by the bimolecular, 
thermal reaction 20, —> 30,, which has been studied by Warburg 
loc. cit.), Clement (Ann. Physik, 1904, [iv], 14, 342), and Chapman 
nd Jones (T., 1910, 97, 2463). That this, in all probability, is 
ot so may be shown in the following way. During illumination 
he gas is heated owing to the absorption of light, the outside of 
He tube is maintained at a constant temperature, and the internal 
‘mperature increases from 7'5, at the outside, to 7',,,,, the tem- 
erature at the centre. As only a small fraction of the light is 
bsorbed, we may consider that the intensities of the incident and 
mergent beams are practically identical and therefore (with 
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constant intensity, of-light) the temperature*at any point of th 
tube is dependent only on the distance from the axis and j 
independent of the distance from the ends. Also consider that 
the whole cross-section of the tube is illuminated at equal intensity, 
that no convection occurs, and that heat flows only at right angle 
to the length of the tube. With these assumptions, it can readily 
be shown that the maximum rise of temperature is double the 
mean rise. This is necessarily the highest temperature which the 
hottest part of the gas can attain, as convection, which undoubtedly 
occurs, tends to decrease this value. The largest mean rise of 
temperature observed in these experiments amounted to 0-8° (see 
Table I), and thus the maximum rise was, at the most, doubk 
this or 1-6°. It may be calculated from Warburg’s resuits for the 
rates of the bimolecular decomposition of ozone at different tem- 
peratures that in order to account for the observed velocity of 
deozonisation in this experiment, the whole of the gas would have 
to be at a temperature between 80° and 90°. It is therefor 
entirely justifiable to assume that the slight warming which the 
gas undergoes on illumination is not the cause of its decomposition, 
and that the latter is due to the light employed. 

As stated above, the beam from the carbon are passed through 
several thicknesses of glass and through a layer of water befor 
entering the ozonised oxygen, in order that most of the ultra-violet 
and infra-red portions of the spectrum might be removed. By 
means of photographs taken on a Hilger quartz spectrograph, it 
was found that the glass screens deprived the beam of light from 
the arc of all that portion of the spectrum of wave-lengths shorter 
than 330 wu.* The conclusion that ultra-violet light is not respon- 
sible for the photochemical decomposition of ozone observed it 
these experiments is further supported by the fact that the rate 
of decomposition was not sensibly diminished by interposition, 
between the source of the light and the tube, of an ezsculin filter, 
which transmitted only wave-lengths longer than 380 up. 

The other limit to the wave-length of the effective light entering 
the experimental tube is obtained from a consideration of the 
absorption of water in the extreme red portion of the visible 
spectrum. According to Nicholls (Physical Rev., 1894, 1, 1), the 
value of the absorption coefficient « for water is 0-272 at 779 m» 
and this increases with increasing wave-length. The absorption 
coefiicient is defined by the equation 


I = lye. 


* For his kindness in taking these photographs, we have to thank Mr. 
L. W. Codd. 
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in which J, = the intensity of incident light of a given wave-length. 
I = the intensity of emergent light of the same wave- 
length. 
d = the thickness of the water layer in centimetres. 


It follows, from Nicholls’s value, that the fraction of light of 
wave-length 779 pp transmitted through a layer of water 1 cm. 
in thickness is 0-76 and that through 10 cm. of water only 0-066. 
Hence, if wave-lengths of this order were effecting the decomposi- 
tion of ozone, it would be anticipated that the rate of decomposition 
would vary with the thickness of the water screen through which 
the light passed. Experiments undertaken to test this point 
showed that no such effect was produced. The results of two such 
experiments, in which the times of illumination were five minutes, 
are given in Table II. 


TABLE II. 
Thickness of 


° water layer. Po: p. P — Po 
RS Be wessctscvisiess 1 cm. 15 5°0 3°5 
0 50 8°3 3°3 
A Tincescncssnsanes x % 13-2 19°9 6°7 
BD ns 19°9 25°6 57 


Within the experimental error, the rates of decomposition are 
independent of the thickness of the water screen, and, in conse- 
quence, it may be assumed that light of wave-length longer than 
770 yn was not causing the decomposition of ozone in these 
experiments. 

We therefore draw the conclusion that light of wave-lengths 
between 400 pu and 780 pp, that is, light of the visible portion 
of the spectrum, is capable of decomposing ozone. 

The problem of further narrowing the effective limits of the 
spectrum presented some difficulty. Filters of aqueous solutions 
of inorganic salts were examined, but were found, in most cases, 
to be useless, as either the limits of transmission were not definite 
enough or, where the selection was better, the light transmitted 
was too feeble to effect any decomposition during a convenient 
interval of time. The filters iinally employed were gelatin film 
filters obtained from Messrs. Kodak, Ltd., the percentage trans- 
mission of each filter, at a given wave-length, being taken from 
tables supplied by the makers. It was not possible to verify these 
figures, as a spectrophotometer was not available; the limits of 
visible transmission, however, were checked, for each filter, on a 
Hilger wave-length spectrometer and were found to agree with 
what would be anticipated from the maker’s tables. Each filter 


vas mounted between glass plates and placed so as to permit 
VOL, CXIx, 38x 
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cooling by the water flowing around and over the experimental 
tube. 
The method of working was as follows. The amount of decom. 


position of ozone produced in a given time by light transmitted § “* 

through one of the filters was compared with that effected, in the ) 

same time, by white light of the same intensity. As the intensity , 

of the light tended to be variable, this comparison was made on 7 

the results of three successive experiments; in the first and the ( 

third white light was used, and in the second the filter was inter. 

posed. The amount of decomposition registered manometrically r 

in the second experiment was compared with the mean of the ( 

other two. Experiments in which the results of the first and the ; 
third varied by more than 40 per cent. of the larger reading were 

rejected. The results obtained in this manner are shown in § * T! 

Table III. ian 

TABLE ITI. 670 py 

Percentage decomposition of ozone. . interp 

Filter A. Filter B. —Filter@.* ‘Filter D. —_—‘Filter E.* ap 

17 24 40 70 10 than f 

22 25 44 86 the ex 

» 8 por 

39 71 observe 


36 88 
42 85 ! (2) I 
37 73 I caus 
76 that li 
Mean 20 34 42 78 10 — 
ter 
* The transmissive power of these filters was affected by the strong light f that 
employed and, in consequence, no further experiments could be carried out P a 
with them. Increase 


he hig 
The figures in the table are percentage decompositions effected hrough 
by light transmitted through the corresponding filters compared Bieozonj. 
with that caused by white light of the same intensity, under the 7 ,,,, 


same conditions. Table IV gives the percentage transmissions of verage 


these filters at various wave-lengths as determined by the makers, Between, 
Messrs. Kodak, Ltd., and published in their booklet “ Wratten Borcent, 
Light Filters.” _ to 78 
From the figures given in Tables III and IV the following By the | 
conclusions may be drawn. - his val 
(1) Light of the extreme red portion of the visible spectrum 8 Bitaineg 


capable of decomposing ozone. The head of this active band must ightly ¢ 
lie between 670 and 760 pp, since light transmitted through filter A Biter B, 
effects 20 per cent. of the decomposition caused by the whole of inger tl 
the visible spectrum and it is only at wave-lengths longer tha! Bhis rosy 
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TABLE IV. 

Wave-length. Filter A. Filter B. Filter C. Filter D. Filter E. 
bp» (70). (29). (32). (12). (43).* 
400 49-0 63°2 
490 20°2 0°3 54°0 
510 4:0 28°0 50°0 
590 Nil. 87°0 10 
600 6°4 88-0 
610 0-4 34°0 89-0 
620 13°8 63°0 89-0 
650 04 63°6 73°0 91-0 
670 19°6 69°0 70°0 92-0 
680 34:0 70°0 68°0 93°0 
700 45°5 71°5 65°0 94:0 


* The numbers in brackets at the heads of the columns of percentage 
transmissions are the makers’ numbers for the filters. 


670 pp that the transmission reaches 20 per cent. The effect of 
interposition of this filler was examined with especial care, and 
experiments with it were carried out over time intervals longer 
than five minutes, in one case above half an hour. In all cases 
the extent of decomposition was found to be approximately pro- 
portional to the time of exposure and about 20 per cent. of that 
observed with white light. 

(2) Light of wave-lengths between 615 and 510 yy» is effective 
in causing decomposition of ozone. It is considered improbable 
that light of wave-lengths between 670 and 615 pp» is causing 
deozonisation, since the decomposition obtained by the use of 
filter B, which transmits in this region, is only so much in excess 
of that obtained with filter A, as would be expected from its (B’s) 
increased transmission of light of wave-length longer than 670 pp. 

he high percentage decomposition obtained with light transmitted 
through filter D indicates that a second band of light is also causing 
leozonisation, since the light present of wave-length longer than 
170 pp is now insufficient to account for the observed result. The 
verage transmissions of filters A and D to light of wave-lengths 
etween 670 and 700 pw» are in the ratio of 40 to 90, whereas the 
ercentage decompositions observed with each are in the ratio of 
)to 78. The limit of 510 pp is set to one end of this active band 
y the low transmission of filter D to shorter waves than those of 
his value. The other end of the band is defined by the results 
btained with filter C. Light transmitted by this filter effects a 
lightly greater percentage decomposition than that transmitted by 
ter B, although the latter allows more light of wave-lengths 
moger than 670 pp to pass through. It may be inferred from 


tis result that part of the second active band is transmitted by 
3x2 
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filter C, but is absorbed by filter B. Hence it follows that the 
longer limit of this band must lie between 620 and 610 jp. 

(3) As regards the effect of the remaining portion of the visibk een 
spectrum, namely, that of wave-lengths between 400 and 510 Mh, oon 
no definite inference can be drawn from the data. The use of 
filter E, which transmits in this region, is accompanied by a smal 
decomposition of the ozone. Since, however, this filter transmit 
10 per cent. of the energy of the incident light of wave-length 
550 pp, and more of that of shorter wave-lengths, it is possible to 
account for the observed decomposition by assuming it to be du 
to light of wave-lengths between 550 and 520 pp, which is aly 
transmitted by filter D. Consequently we incline to the opinion LT 
that if light of wave-lengths between 510 and 400 pp is capablef. ssti 
of causing deozonisation, its activity is very small in comparison rh , 
with that of either of the two active regions already discussed, 


by w 


“ gene 
longer 
chemi 
lies in 


namely, 760 to 670 pp» and 615 to 510 pp. vl 
3. R 
Discussion of Results. gas c 

4, 


We may compare the results given above for the photochemicallyf the spe 
active portions of the visible spectrum with the absorption spectrum 
of ozone, which has been determined by Chappuis (Compt. rend.f Ip o 
1880, 91, 985; 1882, 94, 858), Ladenburg and Lehmann (Ber. 
Deut. physikal, Ges., 1906, 4, 125) and others. Chappuis employed 
a tube containing ozonised oxygen, prepared by the silent dischar 
method, and found eleven absorption bands in the visible region, 
The band of longest wave-length was located at 629 pp, and th 
two most intense on either side of the sodium line, the one between 
609-5 and 593-5 wy, the other between 577 and 560 pp. Both the 
characteristic bands are also shown by the blue liquid ozone. 
the bands found by Chappuis, four, including the two most intens ae 
lie in the region between 520 and 615 pp», which has been fount CC. 
by us to be one of the regions effective in causing decompositio 
of ozone. As regards the relative effectiveness of the light at eat! 
of these four bands, nothing can be said at present. It may 
that the light energy of wave-length corresponding with one of th¢ — 
bands alone is used in activating the ozone molecule, that of tht a a 
others being converted into heat, or it may be that all the band al sain 
contribute, to some extent, to the decomposition. Luther (Zeitsch o£. 
Elektrochem., 1908, 14, 447) has expressed the opinion that il ppear t 
photochemical reaction all the absorbed wave-lengths are chemicall Manalen 
effective, but, in many cases, the results are not noticeable. Brectly 

No absorption bands appear to have been found for ozone 4 iazosulp 
the region of wave-lengths 760 to 670 pp, which has been fou dious, g 
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at. the by us to be photochemically active. However, Ladenburg and 

_.. BLehmann (loc. cit.), using a gas containing a very high percentage 
Visible of ozone, prepared by the Goldstein (E. Goldstein, Ber., 1903, 36, 
10 py, 3042) method, found, in addition to the bands observed by Chappuis, 
use off « general” absorption extending over the region of wave-lengths 
: —_ longer than 500 pp. It therefore seems probable that the photo- 
ee: chemically effective portion of the spectrum between 670 and 760 ppm 


rey: lies in this region of “‘ general ”’ absorption. 
ible to 


re due 

is also Summary. 
pmioi® }, The action of light of the visible spectrum on ozone has been 
investigated. 

2. At room temperature, ozonised oxygen, containing 16 per cent. 
‘(by weight) of ozone, is deozonised by the action of intense light 
of wave-lengths between 400 and 800 py. 

3. Reasons are given to show that the slight heating which the 
gas undergoes is not the cause of the decomposition. 

4. The use of light filters indicates that the effective regions of 
nically§ the spectrum lie between (a) 760 and 670 yp and (b) 615 and 510 pp. 
ctrum 
reid§ Tn conclusion, we desire to express our thanks to Professor 
(Be-AW. C. McC. Lewis, who suggested this work, for advice during its 
ployediicourse, 
charg 
region, 
nd th 
t weel 
th the 
e, Ul 
itens? 
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By JNanenpRA Natu RAy. 


HE present investigation was undertaken with two objects in 
lew, first, to ascertain the extent of the applicability of aluminium 


a malgam as a condensing agent, and, secondly, to develop a 
“ -@-nvenient method of synthesising thianthren derivatives, which 
nical Pet to have been very little investigated. Fries and Engelbertz 


Annalen, 1915, 407, 194) failed to prepare dimethoxythianthren 
one if ectly, which, however, was obtained from the corresponding 
fount azosulphide by heating. Such a procedure is undoubtedly 

‘dious, and therefore a systematic investigation seemed desirable. 
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\Cohen (T., 1899, 75, 887) condensed sulphur chloride with benzen E 
and toluene by means of the aluminium—mercury couple, but inf} chk 
the case of the higher hydrocarbons the products were uncrystal.f ync 
lisable oils which decomposed on distillation. In the present suj 
paper, compounds containing acetylamino-, chloro-, methyl,§ on | 
nitro-, nitroacetylamino-, acid chloride, keto-, and aldehydo-groups§f the 
are described. It has been found that the reaction is inhibited 
by a nitro-group in the molecule, as no products could be isolated 
_ either under ordinary conditions or at high temperatures. The 
reaction with an iodo-compound is an interesting one, and will be 
dealt with subsequently. Usually, two molecules of sulphw 
chloride react with two molecules of the substance. Since the 
ortho-position of the sulphur atoms in thianthren has been proved 
(Deuss, Ber., 1908, 41, 2329), the reaction may be assumed to 
take place thus : 


S S 

it i ; 
, CISC] |. na p.y —_3 x. Ss sw the 
X-C,H; + CISCl + C,H;-X », « CoHs<>CoH X +- 4HCl the | 
Ss | S () In 

§ l 

X-CoHy<[>CHyX +28. fhe 
(II.) hour 
The intermediate compound (I) has actually been isolated. It of th 
is very unstable and suffers decomposition with moisture, liberating Su 
free sulphur. This compound is coloured, but on decomposition °*P° 
into the thianthren derivative the intensity diminishes and the CHI 
product is only slightly coloured. These compounds all develop 2 
an intense coloration with sulphuric acid, which is discharged oJ },, , 


dilution with the precipitation of the compound. Evidently, : 
sulphonium salt analogous to the intermediate compound | i ‘ 
formed (compare Fries and Volk, Ber., 1909, 42, 1170). 

From acetanilide, diacetylaminothianthren was formed, fro! 
which the free amine was prepared by hydrolysis. This amine wa 
diazotised and the product coupled with a few phenols and naph It : 
thols, but the dyes obtained showed no distinctive advantage ovetg sulph 
the corresponding benzene derivatives. This subject will be dealt (a co 
with in a subsequent paper. chlori 

It was found in the course of this investigation that condensatiog and r 
between a hydrocarbon and an acid chloride cannot be effected§ in no 
by aluminium amalgam and that this catalyst is without actiowj Koni 
on acid chlorides. Therefore, it has been possible to condens@j sulph 
benzoyl chloride with sulphur chloride, and the corresponding aci@§ its co 
chloride of thianthrendicarboxylic acid has been isolated as th€§ of the 
product. reactic 
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nzene Phenolic ethers do not suffer hydrolysis, as with aluminium 
yut inf chloride, but the product of condensation in the case of anisole is an 
ystal. ff uncrystallisable oil. This oil gives the characteristic coloration with 
resent {| sulphuric acid, but breaks down into a mixture of two mercaptans 
ethyl, on distillation. This behaviour has been found to be general in 
Troup the series (compare ig loc. cit.). Thus, in the case of anisole, 


olated 
The Meo Vy ¢, ( _, 2Me0/ ‘si 
ill be VA OF ail oie 
ulphur 
e the S . 
wy 2Me0/ ‘ <_ Me0f Y ¥ : 
aks Au yO Veal, ‘ 
/' 


the decomposition products afford a clue to the constitution of 
the thianthren derivative. 

In the case of iodobenzene, complete separation of iodine takes 
place on mixing the constituents in the presence of the catalyst, 
but without it, iodine is not liberated even after boiling for many 
hours. Thianthren is isolated in small yield, but the greater part 
a. Iq of the material is resinified. 

Sulphur chloride was condensed with diphenylmethane in the 


ofS 


rating , , : 
ositiong ¢XPectation of getting thioxanthen, 

d th 

ate CH,Ph, + C188 —> C Hi<ge > Cs H,-> C,H S>>c gH, +8, 
zed ol 


at but the corresponding dibenzylthianthren was obtained instead : 


11if  9CH,Ph, -+ 2C1,8:8 —> CH,Ph-C,H,’ rs: §)>C,HyCH,Ph 
fro —> CH,Ph-C,H,<$>C,H,y-CH,Ph. 
ne was 


naph It may be pointed out that the unsymmetrical constitution of 
e ove Sulphur chloride is demonstrated by the formation of thianthren 
e dealt (a compound of settled constitution) from benzene and sulphur 
chloride, for without the assumption of complicated tautomerism 
asatiog and rearrangement in the molecule the reaction can be explained 
ffectedj in no other way than that depicted in this paper. Béeseken and 
actiow Koning (Rec. trav. chim., 1911, 30, 116) studied the behaviour of 
ndens sulphur chloride in the presence of aluminium chloride to ascertain 
ig aci@@ its constitution, but they drew the conclusion that a clear picture 
as thi of the reaction is impossible owing to its being obscured by side- 
reactions. The reaction in the presence of the aluminium—mercury 


1962 RAY: SYNTHESES IN THE THIANTHREN SERIES. PART I, 


couple is, however, a simple one (Cohen, /oc. cit.), uninfluenced by 
concurrent reactions, and therefore the isolation of thianthren a; 
the principal product is strong evidence in favour of the unsyn. 
metrical constitution of sulphur chloride. 

Béeseken and Koning (loc. cit.) found that pp’-dichlorodipheny! 
sulphide and disulphide are the products of the reaction between 
chlorobenzene and sulphur chloride. The product in the present 
investigation is dichlorothianthren. Evidently, an entirely different 
course of reaction is induced by the two catalysts, aluminium 
chloride and aluminium amalgam. 


EXPERIMENTAL. 


The method of condensation was as follows. The substance 
was dissolved in dry carbon disulphide in a flask attached toa 
reflux condenser, through the upper end of which the sulphur 
chloride, dissolved in the same solvent, was added drop by drop. 
The catalyst, prepared from aluminium foil and dried between 
filter-paper, was quickly inserted into the flask before the addition 
of the sulphur chloride. The flask was cooled, when necessary, 
by immersion in water. 


Condensation with Chlorobenzene: Dichlorothianthren. 


A violent reaction ensued, and a bluish-green solid eventually 
separated when 10 c.c. of chlorobenzene, the couple prepared from 
0-3 gram of aluminium, and 8 c.c. of sulphur chloride interacted 
in the presence of about 10 c.c. of carbon disulphide as diluent. 
After remaining for two hours, the mixture was warmed at 40° for 
two hours, and then decanted from the amalgam on to crushed 
ice. The product was collected, crystallised from glacial acetic 
acid, the crystals were dissolved in benzene and refluxed with 
copper powder to remove traces of sulphur, and the substance wa 
finally twice crystallised from acetic acid, when it was obtained 
in needles, melting at 147°. It gave a bluish-violet coloration 
with sulphuric acid (Found: Cl= 25-7; S = 22-98. Cale., Cl= 
24-99; S = 22-4 per cent.). Fries and Volk (Annalen, 1911, 381. 
312) gave 171° as the m. p. of 4: 4’-dichlorothianthren, and thei 
compound developed a deep blue colour with sulphuric acid 
Possibly this compound is an isomeride. 

Oxidation —One gram of the substance was dissolved in glacial 
acetic acid and oxidised with boiling chromic acid mixture. The 
product was separated in the usual way. The sulphone crystallised 
from hot dilute acetic acid in needles, m. p. above 225° (Found: 
S== 18-5. C,.H,0,CI,S, requires S = 18-3 per cent, 
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Isolation of the Intermediate Compound.—The bluish-green solid 
separating from the reaction mixture was filtered and repeatedly 
washed with carbon disulphide, moisture being excluded. It was 
dried by pressing on a clean porous plate (Found: S = 37-2. 
CigH,Cl,S, requires S = 36-6 per cent.). 


Dichlorodimethylthianthren. 


o-Chlorotoluene (5 c.c.) was condensed with 3-5 c.c. of sulphur 
chloride diluted with 10 c.c. of carbon disulphide. The reaction 
was instantaneous, and a greenish-black colour developed. The 
reaction was allowed to proceed at the ordinary temperature for two 
hours, the mixture was then heated on the water-bath for an hour, 
the product poured on crushed ice, and the reddish-brown, viscous 
mass extracted with boiling acetic acid containing a trace of water. 
The compound, which crystallised from the cold filtrate, was 
freed from sulphur by copper powder, and was dissolved in the 
minimum amount of chloroform and precipitated by pouring the 
solution into alcohol. After being then twice crystallised from 
acetic acid, it melted at 145° and developed a beautiful emerald- 
green coloration with sulphuric acid, which changed to blue on 
keeping (Found: Cl= 22-41; S=21-0. C,,H,9Cl,S, requires 
Cl = 22-68; S = 20-44 per cent.). 

Oxidation with Nitric Acid: Preparation of the Sulphone.— 
The substance was heated on the water-bath with nitric acid and 
precipitated by water. The precipitate was crystallised from a 
boiling mixture of water and acetic acid. The sulphone melts and 
decomposes at a high temperature (Found: S= 16-85. Calc., 
S= 16-99 per cent.). 


4 : 5-Dichloro-1 : 8-dimethylthianthren. 


p-Chlorotoluene (5 ¢c.c.) was condensed with 3-1 c.c. of sulphur 
chloride diluted with 10 c.c. of carbon disulphide, the reaction 
being moderated by cooling; eventually a greenish-black solid 
was produced. The reaction was allowed to proceed at the room 
temperature for two hours. When it slackened, the mixture was 
heated on the water-bath for an hour, and’ the product decomposed 
with crushed ice. The white solid thus obtained was crystallised 
from boiling xylene and freed from sulphur in the usual way. The 
substance is only slightly soluble in xylene, chloroform, acetone, 
orether. It melts at 195—197°, and does not develop a coloration 
with sulphuric acid, probably owing to steric hindrance, as the 


positions 1, 4, 5, and 8 contiguous to the sulphur atoms are occupied 
3 x* 
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(Found : Cl = 22-39; S= 20-90. C,,H,9Cl,S, requires Cl = 22-68: 
S = 20-44 per cent.). 

The sulphone obtained on oxidation with nitric acid melts and 
decomposes above 250°. 


Condensation of «-Chloronaphthalene and Sulphur Chloride, 


«-Chloronaphthalene (2 ¢.c.) was condensed with 2 c.c. of sulphur 
chloride, and the product treated in the usual way. The resulting 
compound was crystallised from boiling glacial acetic acid con. 
taining a few drops of water. It melted at 64° (Found: Cl = 182; 
S=17-2. C,H, Cl,S, requires Cl = 18-4; S = 16-6 per cent.) 


Diacetylaminothianthren. 


Ten grams of acetanilide dissolved in 15 c.c. of carbon disulphide 
were treated with the calculated amount of sulphur chloride 
(2 mols.). The reaction was started by heating on the water-bath 
and the mixture boiled for four hours until the reaction was con- 
pleted. The product, isolated in the usual way, was crystallised 
from boiling alcohol and from boiling dilute acetic acid until it 
was pure, when it melted at 198—200°. This compound gavea 
buff coloration with sulphuric acid (Found: N = 8-56; S= 19%. 
C,,H,,0,N.8, requires N = 8-48; S = 19-39 per cent.). 

The acetyl compound was hydrolysed with hydrochloric acid, 
and the diamine liberated with alkali. It crystallised from alcohol 
in canary-yellow needles, m. p. 102—104° (Found: N=115; 
S = 268. C,,H,)N,S, requires N = 11:3; S = 26-01 per cent.). 

The diamine was diazotised and the product coupled with the 
naphthols. The «-naphthol compound is scarlet, melts at 104", 
and gives a deep violet colour with sulphuric acid. 


Dimethoxythianthren. 


Five c.c. of anisole were condensed with 4 ¢.c. of sulphur chloride. 
The reaction was completed on the water-bath after the evolution 
of hydrogen chloride had moderated. A viscous, heavy, red oil 
(A) was obtained on decomposition of the product with ice. This 
was shaken with sodium ‘hydroxide solution to extract any phenolic 
compound, the unchanged anisole removed by distillation with 
steam, the residue dissolved in benzene, and the free sulphur 
removed with copper powder. The benzene solution deposited | 
an oily substance which gave a beautiful green coloration with 
sulphuric acid. 

The oil (A) was distilled at slightly diminished pressure, and a1 
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oil passed over at 175—185°. This oil is a mercaptan, because it 
gives a compound with mercuric chloride, dissolves in sodium 
hydroxide solution, and is oxidised by iodine. The distillate was 
oxidised with chromic acid mixture, or, better, with potassium 
permanganate to sulphonic acids, the sodium salts of which were 
isolated in the usual way. They were converted into the amides 
through the chlorides. The amides were crystallised from hot water, 
in which one, m. p. 116°, was sparingly soluble. The aqueous 
filtrate was evaporated to dryness; the residue, after crystallisation 
from alcohol, melted at 126—128°. Gatterman (Ber., 1899, 32, 
1154) gives the m. p. of m-methoxybenzenesulphonamide as 128° 
and that of the para-compound as 116°. Therefore the foregoing oil 
isa mixture of m-methoxyphenyl mercaptan and p-methoxyphenyl 
mercaptan. 


Condensation with Phenetole. 


Phenetole was similarly condensed with sulphur chloride. A 
viscous, red oil, as in the case of anisole, was obtained, which yielded 
mercaptans on distillation; the mixture, however, has not yet been 
identified. 


Diacetylthianthren. 


Five c.c. of acetophenone mixed with 5 c.c. of sulphur chloride 
were diluted with 10 c.c. of carbon disulphide and the couple was 
quickly added. The liquid became deep red and a vigorous 
reaction ensued. After the violence of the reaction had abated, 
the mixture was warmed for an hour and then boiled for fifteen 
minutes on the water-bath. The product was decomposed with 
ice and the viscous mass obtained was freed from sulphur and 
repeatedly crystallised from a mixture of chloroform and alcohol. 
Diacetylthianthren melts at 88—91°, forms a phenylhydrazone 
(which melts with decomposition), develops a red coloration with 
sulphuric acid, and yields benzoic acid on oxidation with nitric 
acid (Found: S = 21-6. C,,H,,0,S, requires S = 21-3 per cent.). 


Dibenzylthianthren. 


Diphenylmethane (2:2 grams) was condensed with 1-2 c.c. of 
sulphur chloride, carbon disulphide being slowly added during the 
reaction. The product, after decomposition with water, was freed 
q from carbon disulphide and sulphur and crystallised from boiling 

diluted alcohol, when it melted at 196°, and gave a beautiful green- 
ish-red fluorescence with sulphuric acid, which was destroyed by 


the addition of a trace of potassium nitrate (Found: C = 78-5; 
3 x*2 
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H=5:5; S=1625. C,,HgS, requires C= 78-7; H=5-05; 
S = 16-16 per cent.). Thioxanthen melts at 128° and gives no 
fluorescence with sulphuric acid (Graebe, Annalen, 1891, 263, 14). 


Condensation with Iodobenzene : Formation of Thianthren. 


Iodobenzene (5 grams), dissolved in 10 c.c. of carbon disulphide, 
was slowly treated with 2 c.c. of sulphur chloride. Instantaneous 
separation of iodine took place. The reaction was completed by 
warming on the water-bath, and the product was poured into an 
ice-cold solution of sodium hydroxide. The precipitated resinous 
mass was freed from the last traces of iodine by sodium hydrogen 
sulphite and the white residue was extracted with boiling acetone. 
The acetone solution, after being concentrated, deposited crude 
thianthren, which was crystallised from alcohol. It then melted 
at 160° (mixed m. p. with thianthren, 160°), and gave the violet 
coloration with sulphuric acid characteristic of thianthren. During 
the first stage of the reaction, chlorine was evolved together with 
hydrogen chloride, but the evolution ceased during the progress 
of the reaction. 

Iodobenzene and aluminium amalgam were warmed on the 
water-bath and refluxed with carbon disulphide for many hours 
without any change occurring. Sulphur chloride and iodobenzene 
were similarly heated on the water-bath without reacting. When, 
however, the amalgam was dropped into a mixture of sulphur 
chloride and iodobenzene, a vigorous reaction immediately began, 
with the instantaneous separation of iodine. The amount of 
iodine liberated roughly corresponded with that present in the 
iodobenzene. 


Thianthrendicarboxylic Acid. 


Three c.c. of freshly-distilled sulphur chloride were condensed 
with 2 ¢.c. of freshly-distilled benzoyl chloride by heating at 110° 
for two hours. The traces of unchanged constituents were removed 
by heating in a current of dry air, and the product was decomposed 
with ice and extracted with a dilute solution of sodium hydroxide, 
from which it was precipitated by dilute hydrochloric acid. The 
precipitate was crystallised from boiling water to which a little 
alcohol had been added. Pale yellow leaflets appeared while the 
liquid was still hot. The solution was filtered without cooling. 
The thianthrendicarboxylic acid crystallised in flakes, m. p. 204° 
(Found : § = 21-2. C,,H,O,S, requires S = 21-05 per cent. Found: 
in the barium salt, Ba= 31-1. C,,H,0,S8,Ba requires Ba = 312 
per cent.), gave a pink coloration with sulphuric acid, and lost 
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carbon dioxide when it was melted and kept at 210° for some 
time; the cold mass crystallised from a mixture of chloroform and 
alcohol and was identified as thianthren. 

Attempts to condense sulphur chloride with p-benzoquinone, 
ethyl benzoate, or nitrobenzene in the presence of aluminium 
amalgam were unsuccessful. In the case of p-iodotoluene, the 
iodine was entirely eliminated, but the product was resinous and 
resisted all attempts to crystallise it. 


My best thanks are offered to Sir P. C. Ray, Dr. P. C. Mitter, 
and Dr. H. K. Sen for the interest they have taken in the work. 
CHEMICAL LABORATORY, 


UNIVERSITY COLLEGE OF SCIENCE, 
CALCUTTA, [ Received, Auquat 23rd, 1921.] 


OCXXIV.—The Solubility of Glucinum Sulphate in 
Water and Sulphuric Acid at 25°. 


By Husert THomas STANLEY BritTron. 


Tue solubility of glucinum sulphate in water and in sulphuric acid 
of varying concentrations was investigated at 25° by Wirth 
(Zeitsch. anorg. Chem., 1913, 79, 307). His investigations were 
carried out by allowing glucinum sulphate hexahydrate to attain 
equilibrium at 25° with the liquid phase. In this way, he found 
1-96 grams of glucina in 100 grams of aqueous solution, but when 
the estimation was carried out by first raising the temperature of 
the mixture and then allowing it to attain equilibrium at 25°, 
1-984 grams of glucina were found. From Wirth’s data, it appears 
that the stable solid phase in equilibrium with aqueous solutions 
and with solutions in sulphuric acid of concentrations up to thirteen 
normal is the hexahydrate; above such concentration the tetra- 
hydrate becomes the stable solid phase. This is contrary to the 
author’s experience, for: whenever crystals of glucinum sulphate 
have been prepared, either from aqueous or sulphuric acid solutions 
of varying concentration, they have invariably been the tetra- 
hydrate. If, however, care is not taken to reduce the amount of 
ammonia adsorbed by the glucinum hydroxide before dissolving 
in sulphuric acid, crystals of glucinum ammonium sulphate will 
result (vide this vol., p. 1465). 

Moreover, Wirth found that the solubility of glucinum sulphate 
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in equilibrium with the hexahydrate was only 8-212 grams of 
glucinum sulphate in 100 grams of solution, whereas the author 
found that 100 grams of solution saturated with respect to the 
tetrahydrate contained 29-94 grams of glucinum sulphate. Inci- 
dentally, this figure appears to be in agreement with that found 
by Levi Malvano * at 30° (Zeitsch. anorg. Chem., 1905, 48, 452), 
namely, 30-5 grams. Hence, it was believed that at the ordinary 
temperature the stable solid phase was the tetrahydrate, and 
consequently if a metastable hydrate exists at such temperature, 
the amount of glucinum sulphate in solution in equilibrium with 
it, must be greater, and not less as found by Wirth. 

Marignac (Ann. chim. phys., 1873, [iv], 30, 45) thought that he 
once obtained the hexahydrate by evaporating a supersaturated 
solution of sodium sulphate and glucinum sulphate, which, on 
exposure to air, effloresced. Levi Malvano (loc. cit.) obtained the 
hexahydrate from a commercial source. He states that he was 
only able to prepare the hexahydrate after many fruitless attempts, 
but that having once been prepared, the hexahydrate always 
crystallised from its aqueous solutions over a considerable range 
of temperature. Many methods, generally employed for the 
preparation of metastable hydrates, were adopted in trying to 
obtain the hexahydrate from solutions of the tetrahydrate, such 
as evaporation over sulphuric acid, subjection to cold and inocula- 
tion with crystals of the hexahydrate. In every case the tetra- 
hydrate crystallised out. The successful method was to prepare 
a highly supersaturated solution by dissolving excess of either 
glucinum hydroxide or carbonate in concentrated sulphuric acid 
which had been slightly diluted, and then suddenly shaking at 
the ordinary temperature, when crystals containing six molecules 
of water separated out and were identical with the commercial 
product. They were quite stable in air. It is interesting to note 
Levi Malvano’s observation that glucinum sulphate hexahydrate 
always crystallised from solutions made from it. He appears to 
have been under the impression that the nature of the solution | 
varied with the hydration of the crystals from which the solution | 
was made. This he further demonstrated by stating that the | 
glucinum oxide obtained by precipitation with ammonium sulphide 
from solutions of the tetrahydrate was, on ignition, white, whereas 
that from hexahydrate solutions was blue. If the ignition of any 
glucinum hydroxide precipitate together with the filter-paper 


* Levi Malvano’s analysis of glucinum sulphate tetrahydrate. 

The data given for “‘ SO,” are too high, being in reality those for “ 80,,” 
and as the figures given for GlO are accurate, those for H,O are correspond- 
ingly low. 
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has not been sufficiently prolonged, the resulting ash is often 
faintly blue, no doubt due to the presence of a little carbon, for 
on further ignition the oxide becomes white. Parsons and Fuller 
(Science, 1906, 24, 202) made repeated attempts to obtain the 
hexahydrate, but every attempt was futile, although they state that 
they faithfully followed Levi Malvano’s instructions, besides 
trying other methods. Furthermore, Parsons (“Chemistry of 
Beryllium,”’ 1908, p. 33) states that he obtained a bottle labelled 
“hexahydrate ” from the dealers from whom Levi Malvano pro- 
cured his supply; analysis of the contents proved them to be 
nothing but the regular tetrahydrate. Taboury (Compt. rend., 
1914, 159, 180) was unable to prepare the hexahydrate. The 
author has also been unable to prepare the hexahydrate either 
according to Levi Malvano, or, as the following solubility deter- 
minations show, to Wirth. 


EXPERIMENTAL. 


Solutions of sulphuric acid of various normalities were warmed 
and saturated with pure glucinum sulphate tetrahydrate. They 
were then placed in a thermostat which had been carefully regulated 
at 25-0 + 0-1°, and mechanically stirred until equilibrium between 
the liquid phase and the solid phase which had crystallised out 
had been attained. In all cases a day’s stirring was found to 
be sufficient; examination of the liquid phase after further periods 
of stirring, from one to three days, showed no further change in 
its composition. After the solid phase had been allowed to settle 
completely, exactly 20 c.c. of the clear liquid phase were pipetted 
into a tared beaker and weighed. These solutions were made up 
to 250 c.c., and aliquot portions taken for the estimation of glucinum 
oxide and total sulphate. From these data, the amount of glucina 
in 100 grams of solution and also the final concentration of the free 
sulphuric acid were calculated. 

To ascertain the nature of the solid phases, the following procedure 
was adopted. They were dried as well as possible between filter- 
papers, and the percentage of glucina estimated by strongly heating 
weighed quantities to constant weight (vide this vol., p. 1465). 

Besides allowing the solid phases to crystallise out from super- 
saturated solutions at 25° as in the above determinations, further 
determinations were made by mixing solutions of sulphuric acid 
with excess of glucinum sulphate tetrahydrate crystals at room 
temperature and again stirring until both phases were in equilibrium 
one with the other. Again a day’s stirring was all that was found 
necessary. 
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Results. 
100 Grams of 
saturated solution Percentage 
. : contain of G1O in 
Sulphuric acid. grams of grams of moist solid Solid 
No. Normality. Percentage. G1O. G1SO,. phase. * phase.* 
1 Water _ 7°152 29°94 14°2 GiSO,.4H,0 
2 3°39 12°91 4°900 20°51 13°5 ae | 
3 501 19°17 3°800 15°91 13°7 
4 5°87 22°36 3°261 13°65 13°5 
5 8°66 32°04 2-057 8°61 14°0 
6 11°10 40°34 1°254 5°25 13°1 
7 13°23 46°59 0°846 3°54 13°2 
8 16°70 55°50 0-486 2°04 13°5 
9 19°23 62°02 0°234 0-98 13°4 
10 20°65 66°07 0°213 0-89 13-2 
11 20°70 66°10 0°206 0-86 13°4 


~1 
-~1 
Ke) 


* Compare percentage of GIO in GISO,,2H,O — 17°79; GISO,4H,0 — 


14°17; GISO,,6H,O = 11°78. 


All the above results, except Nos. 4, 10, and 11, were obtained 
from solutions which had been saturated with glucinum sulphate 
at a temperature above 25°, from which it was in each case found 
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that glucinum sulphate tetrahydrate had crystallised. Nos. 4, 10, 
and 11 are the results obtained by allowing the solid phase— 
glucinum sulphate tetrahydrate—to attain equilibrium with 
solutions of sulphuric acid at 25°. These data are shown graphically 
in Fig. 1, using as ordinate and abscissa the same magnitudes as 
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were employed by Wirth. The curve obtained by Wirth is shown 
by the thinner lines. 


Summary. 


It will be seen that the curve is quite different from that obtained 
by Wirth. No evidence of the crystallisation of the hexahydrate 
from the more dilute solutions of sulphuric acid as found by Wirth 
has been obtained, no matter in which way the solubility deter- 
minations were carried out, and even that part of Wirth’s curve 
which shows the composition of liquid phases in equilibrium with 
the tetrahydrate is somewhat higher than that represented above. 
From the smooth character of the curve representing solutions 
of glucinum sulphate in equilibrium with glucinum sulphate tetra- 
hydrate, and from the fact that the tetrahydrate is the solid phase 
which is always deposited from saturated solutions under ordinary 
conditions, there appears to be no doubt that it is the stable hydrate. 
If a metastable hydrate exists, the amount of glucinum sulphate 
in solution in equilibrium with it being greater, the curve showing 
the concentrations of the solutions in equilibrium with it must 
lie above the curve given, which appears improbable. If the 
hexahydrate does exist, it appears that the conditions for its 
preparation have not yet been described. 


The author desires to express his thanks to the Chemical Society 
for a grant from their Research Fund. 
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CCXXV.—Studies on the Dependence of Optical 
Rotatory Power on Chemical Constitution. Part 
IV. Aryl Derivatives of Bisiminocamphor. 


By Bawa Kartar SrncH, Manan Srnau, and Jrwan LAL. 


{luz remarkably high molecular rotatory power displayed by 
jproducts of condensing camphorquinone with aryldiamines was 
jirst noticed in connexion with p-phenylenebisiminocamphor 
(Forster and Thornley, T., 1909, 95, 941). The rotation of this 
}°ompound is greatly exceeded by that of 1 : 4-naphthylenebisimino- 


camphor (B. K. Singh and M. Singh, T., 1920, 117, 1599), and we 
now find that the molecular rotatory power of pp’-bisiminocamphor- 
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diphenylamine, prepared from camphorquinone and pp’-diamino. 
diphenylamine, is even greater, as indicated below : 


[M]p. 
Chloro- Methyl Ethyl 
form. alcohol. alcohol. Pyridine, 
pp’-Bisiminocamphordiphenylamine 11385° 12375° 14231° 13288° 
1 ; 4-Naphthylenebisiminocamphor 8175 9052 12071 13416 
p-Phenylenebisiminocamphor 6088 5009 5289 6173 


The conventional formula for pp’-bisiminocamphordiphenylamine, 
in which the continuity of conjugated linkings is broken, suggests 


ww Swe S—n- 
(I.) CHu< io New _ Nee pb CoH 


an exception to the generalisation which has arisen from the study 
of such substances, namely, exaltation of rotatory power following 
concentration of conjugated linkings, azethenoid groups and benzene 
rings within a narrow molecular compass (Forster and Spinner, 
T., 1919, 115, 889; B. K. Singh and M. Singh, loc. cit.). A similar 
anomaly is presented by camphorylaminophenyliminocamphor 
(Forster and Saville, this vol., p. 789), the molecular rotatory 
power of which exceeds that of p-phenylenebisiminocamphor. 
The case of pp’-bisiminocamphordiphenylamine, however, can be 
brought into harmony with the above generalisation by represent- 
ing one of the benzene rings in the quinonoid form capable of 
displaying double symmetric tautomerism, 


on—-Z Sn sw. 
(I) CsHy< Ci, Need Neel a 
L Nn 


OHy<t p= p-_/ 


the continuity of the conjugated linkings thus becoming restored. } 
The fluorescence to be expected from such a compound is, in this |}! 
case, weak, but a hydroxyl group is indicated by the greenish-red |} 
coloration with ferric chloride. 

pp’-Bisiminocamphordiphenylamine is interesting also as a rare 
example of optically active dyes. Furthermore, it is phototropic 
and thermotropic, the yellow form changing to brown in sunlight; 
although the converse change does not occur in darkness, the 
brown modification rapidly becomes yellow above 75°. The remai- 
ing new compounds described in this paper, namely, 0o’-ditolylent reading 
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bisiminocamphor, 00’ -dimethoxydiphenylenebisiminocamphor, and 
pp'-diphenylenebisaminocamphor, are in agreement with the above- 
mentioned generalisation; the first-named resembles pp’-di- 
phenylenebigiminocamphor (Forster and Spinner, loc. cit.) in being 
dimorphous, but, unlike the authors quoted, we have reduced the 
latter substance to pp’-diphenylenebisaminocamphor. The effect 
of ortho-substitution on the rotatory power of pp’-diphenylene- 
bisiminocamphor is very depressant, as indicated by the following 
measurements : 
[M to. 


Chloroform. — ’ Methyl alcohol. 


pp’-Diphenylenebisiminocamphor : 

(a) Yellowish-green 5472° 

(6) Golden-brown 5433 5020° 
oo’ -Ditolylenebisiminocamphor : 

(a) Green 3929 3274 

(b) Golden-yellow 4007 3462 
o’-Dimethoxydiphenylenebisiminocamphor ... 2003 1576 


Thus the sequence of substituents in order of diminishing rotatory 
power is H>CH,>OCHs3. 


EXPERIMENTAL. 


00’- Cut (CH,yCyHL (CHL) Ne 


es (3-3 grams), tolidine adie (2-85 
grams), and excess of fused sodium acetate having been heated 
on the water-bath during four hours, the hard mass was extracted 
with 10 ¢.c. of cold alcohol, and the residue undissolved by water 
was crystallised fractionally from ether. The less soluble, pre- 
ponderating component (a), which separated in long, green prisms, 
melts at 200—201°, and is readily soluble in chloroform, acetone, 
or hot ethyl alcohol, less so in methyl alcohol or ether; it is 
Finsoluble in cold ethyl alcohol or water (Found: N = 5:2. 
C,H4,0,N, requires N = 5-5 per cent.). The more soluble form (6), 
in golden-yellow prisms, melts at 198—199°, and is readily soluble 
72 chloroform or acetone, less so in hot ethyl alcohol, and even 
more insoluble in hot methyl alcohol (Found: N = 5:2 per cent.). 
A mixture of a and b in equal amounts melts at 192—193°. 

The following measurements of rotatory power, in common with 
all noted in this paper, are recorded as relating to the specified 


in- eight of material in 100 c.c. observed in a 2-dem. tube, the initial 


-@ading having been taken within half-an-hour : 
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Temper- 

Solvent. Gr. /100 e.c. ature. Sep [a]p. [M},. 
Chloroform _......... 0°1280 (a) 29° 1°98° 773° 3929° 
Methyl alcohol ...... 0°1148 (a) 30 1-48 645 3274 
Chloroform ......... 0°0564 (b) 29 0°89 789 4007 
Acetone ............... 0°2708 (b) 21 3°98 736 3736 
Methyl alcohol ...... 0-0834 (b) 29 1:14 683 3470 


The foregoing rotations remained unchanged during twenty-four 
hours. 


00'- Dimethoxydiphenylenebisiminocamphor, 
CHu<to. C,H; (O-CH)-CgH,(O-CHs) WS Cals 

Camphorquinone (3-3 grams), dianisidine dihydrochloride (3-9 
grams), and excess of sodium acetate having been heated on the 
water-bath during four hours, the residue undissolved by 10 c.. 
of cold alcohol followed by water was crystallised from hot alcohol, 
which deposited thin, green prisms melting at 186° (Found: 
N = 4-84. C,,HO,N, requires N = 5-18 per cent.). The sub- 
stance dissolves very readily in chloroform or ether, less so in 
methyl alcohol and hot ethyl alcohol; it does not display 
mutarotation : 


Temper- 
Solvent. Gr./100 c.c. ature. = [a],- [M),. 
Chloroform .........++0++ 0°1670 22° 1°24° 371° 2003° 
Methyl aleohol  ......... 0°2635 - 1°53 290 1567 


pp’-Diphenylenebisaminocamphor, 
' CH-NH-C,H,’C,H,NH-CHYW ,, 
CsHy< O cleat ite og CoH 


The pp’-diphenylenebisiminocamphor required in preparing the 
above product of reduction was divided into the less soluble 
component (a), which separated in yellowish-green prisms melting 
at 276°, and the more soluble component (b), forming golden-brown 
needles which melt at 274°, as described by Forster and Spinner 
(loc. cit.); a mixture of a and 6 in equal amounts melts at 267. 


The substance does not display mutarotation : 
Temper- ' 
Solvent. Gr. /100 c.c. ature. ay. [a]p- [M),- 
Chloroform ......... 0°2570 (a) 35° 5°86° 1140° 5472° 
oe. : -enbeeenes 0°4730 (b) ” 10°71 1132 5433 
Methyl aleohol ... 0°0908 (6) 29 1-90 1046 5020 


pp’-Diphenylenebisaminocamphor was produced from both modif- 
cations on agitating ethereal solutions with zinc dust and 10 pe 
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cent. aqueous potassium hydroxide during six hours, the residue 
from evaporating the colourless solution being crystallised from 
hot alcohol, which deposited plates on cooling. The product from 
each source, and a mixture thereof, melted at 214° (Found: 
(= 794; H = 8-28. C,.H,.0O,N, requires C = 79:3; H = 8-27 


per cent.). It is insoluble in water, but dissolves readily in 
chloroform or acetone; less so in methyl or ethyl alcohol. 
Temper- 

Solvent. Gr./100 c.c. ature. ay. [a]. [M),- 
I scsntiinaicnons 0°2920 17° 0°57° 97°6° 472° 
Methyl alcohol ......... 0°0650 os 0°10 76°9 372 
Mc iacadihenciuciniius 0°1435 ai 0°47 163°7 792 


The substance, either solid or dissolved, becomes yellow in sunlight 
and remains in this form when left in darkness; the above solution 
in acetone, after six hours in sunlight, gave [x], 282°, whence 
[M), 1 365° , unchanged after twelve hours in darkness. 


pp’-Bisiminocamphordiphenylamine (I or I1). 


Camphorquinone (1-66 grams), pp’-diaminodiphenylamine (1 
gram), and fused sodium acetate were heated on the water-bath 
during two hours, the product being extracted with absolute alcohol, 
precipitated by water, and redissolved in hot alcohol, from which 
the substance crystallised (Found: N = 8-06. C,,H,,0,N, requires 
N= 8-48 per cent.). It forms yellow prisms melting at 210—212°, 
and is insoluble in water, but dissolves in chloroform, benzene, or 
methyl alcohol, and less readily in ethyl alcohol. The alcoholic 
solution develops a greenish-red coloration with ferric chloride, and 
a deep, but transient, cherry red with mineral acids, becoming 
yellow with alkalis and returning with acids. It dyes wool yellow 
with alum, and somewhat deeper with chrome in an alcoholic bath 
of 2 per cent. The fluorescence in organic solvents is a feeble 


green, and there is no mutarotation : 


Temper- 

Solvent. Gr./100 c.c. ature. Ky [a]. [M],. 
BChloroform —..............605- 0°1300 23° 5°98° 2300° 11385° 

(brown form)... 0°0364 30 1°72 2370 11731 

Methyl SUE ebsacnsecsenies 0°0554 23 2°77 2500 12375 

SI sdinxnvicdenéssudaucniod’ 0°0376 19 1:99 2646 13097 

siinoshoniinpteisoe 0°0440 9» 2°53 2875 14231 

Hedseresakesceesesionne ‘ 5°82 2685 13288 


Exposure to sunlight during a few minutes converts the substance 


if- into a brown modification which does not revert in darkness, but 


becomes yellow when heated above 75°. 


The two forms and their 
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mixture melt at the same temperature and have the same rotatory 
power. 

For comparison with aryl derivatives of bisiminocamphor the 
parent substance, azocamphanone, was examined in the polarimeter 
(compare Forster and Zimmerli, T., 1910, 97, 2165): , 

Temper- 
Solvent. Gr./100 c.c. ature. Ops [a]. [M],. 


Chloroform “260% 30° 098° 188° 616° 
Methyl alcohol ; o 0°76 229 750 


Hydrochlorides of Bases in Condensation. 


Free tolidine and dianisidine do not undergo condensation with 
camphorquinone even at high temperatures (120—125°) and with 
prolonged heating alone, or with sodium sulphate or zinc chloride. 
Action proceeds readily with the hydrochlorides, however, and 
benzidine combines in either form (compare G. M. Robinson and 
R. Robinson, T., 1918, 113, 644). 


One of us (M. 8.) desires to make acknowledgment to the Punjab 
University for the Macleod-Kapurthala Research Scholarship which 
has enabled him to collaborate. 


Patna COLLEGE, PATNA, 
BrgaR AND Orissa, INDIA. (Received, November 1st, 1921.] 


CCXXVI.—The Reversibility of the Michael Reaction. 


By CHRISTOPHER Kerik INGoLD and WALTER JAMES POWELL. 


AutTuovucH the condensation of «$-unsaturated esters with sodium 
derivatives of compounds of the type of ethyl malonate, generally 
known as the Michael reaction, is one of the most valuable methods 
of synthesis in the hands of the organic chemist, its mechanism and 
controlling conditions appear to have received singularly little 
attention. This is particularly remarkable when it is recalled that [ 


the mechanism of the acetoacetic ester condensation, of the Perkin )j*' 


reaction, and indeed of most of the important synthetical processes, | 
has been the subject of protracted controversies. = 

During the course of an inquiry into the reason why certain | 
attempts to produce derivatives of methanetriacetic acid by means | 
of the Michael reaction met with no success, facts were discovered | 
(Ingold and Perren, this vol., p. 1865) which strongly suggested that 
the Michael condensation is a reversible process, at least in the 
particular series of compounds dealt with. ,, Therefore it seemed of 
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interest to ascertain (a) whether the reversibility of the reaction is 
a general phenomenon, (b) further, supposing this to be so, how the 
tendency towards reversion is conditioned by the structures of the 
substances concerned, and (c), finally, how the equilibrium, in any 
particular case, may be displaced in a desired direction by adjusting 
the experimental conditions. The present paper is a preliminary 
attempt to find the answers to these questions, which will now be 
discussed in turn. 
(a) It is convenient to adopt the equation 


U+M=C. : ‘ ° - (i) 
where U is an unsaturated ester, VW the sodio-derivative of malonic 
ester or some other ester of a similar type, and C the condensation 
product, as a symbolic expression in general terms of any Michael 
condensation; the converse equation 


CeBiaM. « + w» «+ & 


will therefore denote any retrograde Michael condensation. Now 
itso happens that in all the instances previously recorded (loc. cit.) 
reaction (ii), when observed at all, proceeded so nearly to completion 
that it was impossible to obtain the condensation product C by the 
corresponding direct reaction (i). C had to be produced by an 
indirect means (introducing the substituted acetic acid chains in a 
different order) which, however, cannot be employed excepting in 
the methanetriacetic acid series. Therefore, in order to establish 
the generality of the phenomenon, it was essential to select for 
examination instances (outside the methanetriacetic acid series) in 
which there would appear to be a more even balance between the 
reactions (i) and (ii). On examining the literature, and, in particular, 
the yields of condensation products obtained by various investigators, 
it quickly became apparent that the vast majority of the recorded 
instances of condensations between ethyl malonate and esters of the 
acrylic acid series probably belong to this category, and it was 
decided, consequently, to approach the problem by reinvestigating 
two typical condensations which have some claim to be regarded as 
being amongst the most classical instances of the Michael reaction. 


The examples chosen were («) the condensation of ethyl cinnamate 
{vith ethyl malonate, the first recorded instance of the reaction 
(Michael, J. pr. Chem., 1887, [ii], 35, 351), and (8) the condensation 
of ethyl 8-dimethylacrylate with ethyl malonate, a reaction which 
formed the starting-point of most of the earlier important synthetical 
7Xperiments dealing with the constitution of camphor and its 


degradation products (Goodwin and Perkin, P., 1894, 10, 64; 
T., 1896, 69, 1472; Auwers, Ber., 1895, 28, 1130; Annalen, 1896, 


ned of (9292, 145; Perkin and Thorpe, T., 1899, 75, 51). 
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In the first place, it was necessary to show that the retrograde 
reaction could be realised in these instances. This presented no 
difficulty, for when the pure condensation products (ethyl 8-phenyl- 
propane-x«y-tricarboxylate and ethyl £-dimethylpropane-az). 
tricarboxylate) were dissolved in alcoholic solutions containing 
equivalent quantities of sodium ethoxide, and heated at 100° under 
the conditions usually employed in carrying out ordinary Michael 
reactions, fission occurred to the extent of approximately 60 per 
cent. in the sense of the following equations : 


CH(CO,Et), _ an . 
CHPh< Oy .CG,Et? = CHPh:CH-CO,Et + CH,(CO,Et), 


CMe oH CGE — CMe,!CH-CO, Et -+ CH,(CO,Et), 
From this result the attainment of equilibria appears to follow as a 
necessary corollary. Moreover, it rapidly became clear in the course 
of the experimental investigation that essentially the same equili- 
brium is invariably attained, no matter whether it be approached 
by the direct or by the retrograde process; no matter, therefore, 
whether the starting-point be the pure product C, or a mixture of 
equivalent amounts of the constituent esters U and M, or any 
mixture of this mixture with the ester C, always provided that 
sufficient time be allowed for the equilibrium to be reached. 

(6) It would be a matter of the greatest interest to obtain a 
collection of accurate values for the equilibria with ethyl malonate 
at different temperatures and concentrations of a series of «- and 
8-substituted acrylic esters. Unfortunately, the method of separat- 
ing by fractional distillation the three esters present at equilibrium 
is a cumbersome and inaccurate way of estimating their relative 
proportions, but for lack of suitable analytical processes this has 
been the method employed in the present investigation. However, 
where similar experimental conditions have been used, the yields 
obtained are in moderately close agreement with those recorded by 
previous workers (loc. cit. Vide also Michael, Ber., 1900, 33, 3748; 
Perkin, T., 1896, 69, 1467), and the following table is probably 4 
not very inaccurate statement of the equilibria which can be 
reached under the customary experimental conditions (Solvent: 
99-8 per cent. ethyl alcohol. Concentration : 300 grams of alcchol 
for gram-molecular quantities of the reactants). 


Yield of C (per cent.). 


Condensation Product (C). Temp. 100°. Temp. 20. 

Ethyl 8-methylpropane-aay-tricarboxylate 65 ? 
» 8-phenylpropane-aay-tricarboxylate ‘ 10 
88-dimethylpropane-aay-tricarboxylate ... 30 50 
a8f-trimethylpropane-acy-tricarboxylate ... trace? ? 
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The effect on ring closure of the gem-dimethyl group, and in general 
of substituents of considerable atomic or molecular volume, has 
been emphasised in two recent communications (Ingold, this vol., 
pp. 305, 951). It has been proved, for instance, that derivatives of 
93-dimethylglutaric acid pass, by the interaction of substituents 
attached to the two acetic acid chains, into cyclic compounds more 
readily than do similar derivatives of glutaric acid. There is much 
evidence tending to show that the acetic acid residues are in closer 
proximity in the former case than in the latter. It seems, therefore, 
very reasonable to suppose, for instance, that the acetic and malonic 
ester chains in ethyl 68-dimethylpropane-a«y-tricarboxylate are in 
closer proximity than those in ethyl §-methylpropane-aay-tri- 
carboxylate; further, because the accumulation of bulky groups in 
a restricted space is invariably a condition of instability, it must 
follow that the convergence of these chains caused by the groups 
attached to the 8-carbon atom of the glutaric acid derivative must 
determine its tendency towards decomposition into smaller mole- 
cules. It is obvious from the table that this tendency towards 
disruption is greater in the case of the 68-dimethyl compound than 
with the 8-methyl analogue. The single phenyl group occupies a 
position intermediate between the single methyl group and the 
gem-dimethyl group, whilst the remarkable effect of introducing a 
substituent into the acetic acid chain, an effect so noticeable in the 
methanetriacetic acid series (loc. cit.), is again observed in the case 
of the trimethyl compound.* 

We have, therefore, a method of considerable potential value for 
determining the effect of substitution on the stability of a carbon 
chain, but it is unfortunate that in this field, in which certain thermal 
and thermochemical determinations would be of the greatest 
service, very few measurements have been-made. It would appear, 
however, that the heat of a reaction of type (i) is usually positive, 
and that, as follows from the formula d log, K/d7’ = — QR1T~, 
the equilibrium moves in the direction which favours the product 
C when the temperature is reduced. Moreover, the same formula 
shows that Q must be greater for the condensation between ethyl 
malonate and ethyl cinnamate than for that between ethyl malonate 
and ethyl dimethylacrylate, although no direct experimental 


* The effect of the electrochemical character of substituent groups is also 
easily appreciable, as many instances,, which lie without the scope of this 
paper, show. The larger yields of condensation products obtained when 
ethyl malonate is replaced by ethyl cyanoacetate (compare, for instance, 
Perkin and Thorpe, T., 1899, 75, 52) may be attributed in part to the more 
intense polar character of the CN-group, but here again the difference is in 
the sense which accords with the relation between the molecular volumes of 
the groups concerned. 
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determinations have as yet been made. As Nernst (Wied. Annalen, 
1894, 53, 57), Bédlander (Zeitsch. physikal. Chem., 1898, 27, 55) 
and others have shown, Q and the osmotic work A do not differ by 
much if no gaseous substances take part in the equilibrium, and it 
is the common value towards which Q and A converge which is the 
true measure of the stability of the molecule. 

(c) The above considerations show that if it be desired to prepare 
the compound C by means of reaction (i), there are certain factors 
by adjusting which the equilibrium may be caused to move in the 
direction favouring the production of that substance. Thus the 
equilibrium may be disturbed by some further change, either 
physical or chemical. To take a single instance of the effect of 
concentration, if two-thirds of the theoretical quantity of ethyl 
cinnamate be used in the preparation of ethyl $-phenylpropane. 
axy-tricarboxylate, the yield obtained on allowing the reaction to 
take place at 25° (other conditions being as indicated on p. 1978) is 
more than 80 per cent. of the theoretical, calculated on the ethyl 
cinnamate employed. 

The table on p. 1978 shows in a very clear manner the effect of 
lower temperatures on the equilibrium quantities of the condensa- 
tion products. It is curious that none of the investigators previously 
referred to, for whom the preparation of ethyl 88-dimethylpropane- 
axy-tricarboxylate was the starting-point of their synthetical ex- 
periments, appears to have tried the effect of lower temperatures 
with a view to improve the yields, which, under the conditions 
they employed, were always poor. Michael, on the other hand, 
was fully aware that better yields of ethyl 8-phenylpropane-zzy-tri- 
carboxylate could be obtained by conducting the reaction in the 
cold, but he did not appreciate the fact that the cause of this lay in 
the simultaneous occurrence of the retrograde process. 


EXPERIMENTAL. 


The general plan of these experiments, as well as the results 
obtained, has been fully described above, and only a few minor 
details need be added here, since the method of conducting Michael 
condensations is well known. 


Identity and Purity Criteria. 


The ethyl malonate and ethyl cinnamate employed were carefully 
purified by distillation, and the ethyl $-phenylpropane-a«)-tt 
carboxylate required for the experiments on the retrograde reaction 
was prepared from the other two esters by condensation at 4 low 
temperature. It was purified by distillation (b. p. 220—224' 
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2% mm.), and its purity controlled by analysis (Found : C = 63-9; 
H=7:3. Cale., C = 64-3; H = 7-1 per cent.). 

The products of the retrograde reaction (type ii) were separated 
by fractional distillation. The ethyl cinnamate was identified by 
its boiling point (270—274°), by analysis (Found: C = 74-6; 
H=69. Cale., C = 75-0; H = 68 per cent.), and by hydrolysis 
to cinnamic acid, and the ethyl malonate by its boiling point 
(195°) and by conversion into malonamide. 

Ethyl dimethylacrylate was prepared from ethyl «-bromoiso- 
valerate and quinoline (Perkin, loc. cit.) and was so distilled as to 
remove the trace of volatile impurity that often causes the freshly- 
distilled ester to turn pink. The ethyl §$-dimethylpropane-a«y- 
tricarboxylate, prepared from ethyl dimethylacrylate and ethyl 
malonate by condensation at 35°, was purified by distillation (b. p. 
181°/28 mm.), and its purity checked by analysis (Found : C.= 58-4; 
H=84. Calc., C = 58:3; H = 8:3 per cent.). 

The ethyl dimethylacrylate isolated from the retrograde reaction 
(type ii) was identified by its boiling point (155°), by analysis 
(Found: C= 653; H=9-3. Cale, C= 656; H=9-4 per 
cent.), and by hydrolysis to dimethylacrylic acid. The ethyl 
malonate was identified as in the previous instance. 


Times Required to Attain Equilibria. 


Equilibrium is attained more rapidly between ethyl malonate, 
ethyl cinnamate, and ethyl §-phenylpropane-««y-tricarboxylate 
than between ethyl malonate, ethyl 88-dimethylacrylate, and ethyl 
68-dimethylpropane-aay-tricarboxylate. In the former case, heat- 
ing for six hours at 100° or for one week at 25° suffices for the 
approximate attainment of the equilibria characteristic of these 
temperatures, whilst in the latter it is better to heat the mixture 
for about twenty-four hours at 100° or for two weeks at 35°. 


Method of Conducting Retrograde Reactions (Type ii). Example : 
Decomposition of Ethyl 8-Phenylpropane-a«y-tricarboxylate into 
Ethyl Cinnamate and Ethyl Malonate. 


The following instance illustrates the method employed. Ethyl 
8-phenylpropane-a«y-tricarboxylate (100 grams) was added to a 
solution of sodium (6-8 grams) in absolute ethyl alcohol (89 grams), 
and the mixture heated at 110° in a closed vessel for seven hours. 
It was then cooled as quickly as possible, poured into dilute hydro- 
chloric acid, and the esters isolated by extraction with ether in the 
usualmanner. On distilling the product under diminished pressure, 
30 grams (30 per cent.) of ethyl 6-phenylpropane-a«y-tricarboxylate 
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were recovered (b. p. 220—224°/25 mm.), together with a more 
volatile fraction, which, on refractionating at the ordinary pressure, 
yielded 31 grams (60 per cent.) of ethyl cinnamate (b. p. 270—274°), 
and a quantity of ethyl malonate. Malonic acid also was recovered 
from the aqueous liquors. Ten per cent. of the material remained 
to be accounted for as experimental losses. 


We gratefully acknowledge our indebtedness to Professor J. F. 
Thorpe for his interest in this investigation. Part of the cost was 
defrayed from a grant made by the Chemical Society, to whom also 
we wish to record our thanks. 


IMPERIAL COLLEGE OF SCIENCE AND TECHNOLOGY, 
Soutn KeEnsincTon, 8.W.7. [Received, October 14th, 1921.] 


CCXXVII.—Complex Metallic Ammines. Part VI. 
cis-Phthalato-, cis-Homophthalato-, and other Di- 
ethylenediaminecobaltic Salts. 


By James Cooper Durr. 


In Part V (this vol., p. 385), a number of cobaltammine salts were 
described, which were derived from six dibasic aliphatic acids and 
contained a seven-membered ring in the complex. Werner (Annalen, 
1911, 386, 26, 81) was of the opinion that complexes containing a 
higher number of atoms to the ring than six could not be obtained. 
In Part V it was pointed out that Werner was using acids of a type 
unsuitable to the formation of a ring of more than six atoms in the 
complex. 

The results obtained in Part V (loc. cit.) showed that the complex 
could be enlarged in molecular size, and it was therefore of interest 
to investigate what increase in size of the complex was possible. 
Price and Brazier (T., 1915, 107, 1367) showed that an eight: 
membered ring was possible by introducing the sulphur atom into 
the ring, using for the purpose sulphonyldiacetic acid. It was 
decided to investigate the results obtained by using aromatic 
dibasic acids. In addition to the ring formation, the complex 
would be increased in molecular size by the benzene ring. 

Phthalic acid was found to give crystalline compounds con- 
taining the phthalato-radicle in the complex. This means that the 
complex in these compounds contains a seven-membered ring and 
the benzene ring in addition. Phthalato-compounds, as is to be 
expected, are formed more readily than the corresponding succinato- 
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compounds (loc. cit., p. 387), since phthalic acid gives an anhydride 
more readily than does succinic acid. 

Price and Duff (T., 1920, 117, 1072) have described the intro- 
duction of the sulphoacetato-radicle into the complex. It has now 
been found possible to introduce the benzylsulphoacetato-radicle. 
oSulphobenzoic and bromobenzene-3 : 4-disulphonic acids have 
been used and both yield crystalline compounds which contain a 
seven-membered ring, and a benzene ring in addition. These 
results correspond with those obtained from sulphoacetic acid and 
methionic acid (Price and Duff, loc. cit.), but lead to one more 
carbon atom in the ring system. 

Glutaric acid has been tried for the purpose of forming an eight- 
membered ring in the complex, but it has not produced any 
crystallisable compounds. Homophthalic acid has, however, 
given crystallisable compounds which represent the first compounds 
with a complex containing eight atoms in the ring, without the 
presence of sulphur. 

The compounds which have been obtained show that it is possible 
to increase the size of the complex considerably more than Werner 
considered possible. The results give support to the shell formula 
suggested by Friend (this vol., p. 1045), since the zone round the 
cobalt atom is not increased in size by these acids, as is the case 
with the co-ordination formula suggested by Werner. It should be 
noted that the formula, which Friend (loc. cit.) gives for succinato- 
diethylenediaminecobaltic salts, is not the most probable. Werner 
has shown that the corresponding carbonato- and oxalato- salts can 
be resolved into optically active isomerides. In the shell formula, 
cobalt cannot be considered asymmetric, and the optical activity is 
due to nitrogen being a member of two ring systems. This is shown 
by having the ethylenediamine molecules interlocking. This 
interlocking is rendered more probable by the more stable character 
of the compounds compared with those formed from ammonia. 
Formula I would then represent the succinato-salts. 


NH, CH, 
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The author is not prepared to support the conclusion of Friend 
(loc. cit.) that oxygen atoms from an acid like succinic or fumaric 
acid could take up para-positions in the shell formula. T'rans- or 
para- salts of the tetrammine series change colour in solution from 
green to purple, and Werner has shown conclusively that they are 
then cis- or ortho- salts, and can only be reconverted to trans- or 
para- salts by excess of a strong mineral acid like hydrochloric or 
hydrobromic acid. The formula of trans-dichlorodiethylenedi- 
aminecobaltic chloride, expressed by the shell theory, would be 
best written as formula II, so that in both the cis- and trans- salts 
the ethylenediamine molecules are interlocking. The shell theory, 
as Friend (loc. cit.) points out, receives even stronger support from 
compounds like the carbonato-pentammine salts. 


EXPERIMENTAL. 
cis-Phthalatodiethylenediaminecobaltic Salts, YX, where 
Y= | CoHe<G9.9>C0 ens | 


The bromide, YBr,3H,O, separated in minute, purplish-red plates 
when a hot solution of 2-60 grams of phthalic acid was poured into 
a boiling solution of 5 grams of carbonatodiethylenediaminecobaltic 
bromide in 100 c.c. of water, and the mixed solution was concen- 
trated to a small bulk on the water-bath, and left in the ice chest 
(Found: Co = 12-21; Br = 16-52; H,O = 11-52. 

Cy.Ho90,N,BrCo,3H,O 
requires Co = 12-36; Br = 16-76; H,O = 11-32 per cent.). 

The phthalato-radicle was entirely in the complex, since no 
reaction could detect its presence until the bromide was well boiled 
with dilute hydrochloric acid, when phthalic acid could be crystallised 
out on cooling. 

The nitrate, YNO,,2$H,O, was obtained in fine, short, mauve 
needles by precipitating a solution of 3 grams of the bromide with 
1-20 grams of silver nitrate, filtering and evaporating to small bulk 
(Found : Co = 12-99; N = 15-35; H,O = 9-91. C,,H,,»0,N,Co,2}H,0 
requires Co = 12:99; N = 15-43; H,O = 9-91 per cent.). 

The hydrogen phthalate, Y-CO,°C,H,-CO,H, was obtained in 
microscopic, pink plates by adding 5-2 grams of phthalic acid to a 
boiling solution of the carbonato-base, prepared from 5 grams of 
the carbonato-bromide in 100 c.c. of water and 4 grams of freshly- 
prepared, moist silver oxide. The resulting solution was evaporated 
on the water-bath, and the salt separated in increasing quantity 
as the evaporation proceeded. It is almost insoluble in cold 
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water (Found: Co = 11-38; N= 11-01. C.H,,;0,N,Co requires 
(o = 11-61; N = 11-03 per cent.). 


cis- Benzylsulphoacetatodiethylenediaminecobaltic Salts, YX, where 
CO-O 
Y= | CH yCH<55)-9>Co ens |. 


The bromide, YBr,2H,O, was obtained in minute, red, flattened 
needles by adding 3-61 grams of benzylsulphoacetic acid in 50 c.c. 
of water to a hot solution of 5 grams of the carbonato-bromide in 
100 c.c. of water, and then concentrating to low bulk and keeping 
for four weeks in the ice chest (Found: Co = 11-38; Br = 15-32; 
H,0 = 6-88. C,3;H,,0;N,BrSCo,2H,O requires Co = 11-23; 
Br = 15-28; H,O = 6-88 per cent.). 

The normal benzylsulphoacetate, Y-*CO,°C,H,°SO,°Y,4H,O, was 
obtained in the attempt to prepare the acid salt from two molecular 
proportions of the acid and one of the carbonato-base. After 
evaporation to low bulk and keeping for several weeks in the ice 
chest, the normal salt separated in microscopic, pink crystals 
(Found: Co = 10°58; N= 9-95; H,O = 6-48. 

Cy5H56015N g5,Co,,4H,0 
requires Co = 10-58; N = 10-05; H,O = 6-46 per cent.). 


cis-o-Sulphobenzoatodiethylenediaminecobaltic Salts, YX, where 
CO-0 } 
Y= | CHi<$9,-0 C0 ens | 


The bromide, YBr,H,O, was obtained in microscopic, purple-red 

crystals after the gradual addition of a solution of 3-27 grams of 
sulphobenzoic acid to a boiling solution of 5 grams of the carbonato- 
bromide in 100 c.c. of water, ‘and evaporation to low bulk. Gradual 
addition of the acid was necessary to avoid the formation of the 
hydrogen sulphobenzoate, which was otherwise found to separate 
(Found: Co = 12-18; Br = 16:58; H,O = 3-89. 
C,,H,0;N,BrSCo,H,O 
requires Co = 12-36; Br = 16-76; H,O = 3-77 per cent.). 
The hydrogen sulphobenzoate, Y-SO,*C,H,°CO,H, was obtained in 
minute, pink plates from two molecular proportions of the acid 
ind one of the carbonato-base in the usual way. It is much more 
‘oluble in water than the corresponding phthalato-hydrogen 
phthalate (Found: Co=9:99; N=9-55. C,gH,;0,)N,8,Co 
requires Co = 10-16; N = 9-66 per cent.). 
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cis- Bromobenzene-3 : 4-disulphonatodiethylenediaminecobaltic 
SO,°0 
Salts, YX, where Y¥ = | CsH;Br<S02"0>¢ |. 
a where CoHsBr S0,07 oen, 


Bromobenzene-3 : 4-disulphonic acid was selected because it 
contains the two sulphonic acid groups in the ortho-position, and it 
was found to behave in a different manner from that of any of the 
other acids used (compare in this respect the results obtained with 
methionic acid, which is also a disulphonic acid; T., 1920, 117, 
1073). With the carbonato-bromide the acid produces the normal 
bromobenzene-3 : 4-disulphonate described below and_ hydrogen 
bromide is set free; the latter reacts with some of the carbonato- 
bromide to give the green trans-salt, (Br,Co en,)Br, which could be 
detected in crystalline form in the evaporated solution. 

The bromobenzene-3 : 4-disulphonate, Y*SO,°C,H,BrSO,°Y, was 
obtained in the usual way from three molecular proportions of the 
acid and two of the carbonato-base. When the two solutions were 
mixed, separation of the salt began almost at once, and more was 
obtained by evaporation at the room temperature in a vacuum 
desiccator over sulphuric acid. It was found that evaporating by 
heating caused the solution to turn brown, apparently through 
decomposition. The normal salt was obtained in pale pink, micro- 
scopic crystals (Found: Co= 8-93; N=859; S = 1456. 
CogH4,01gN,Bry8,Co, requires Co= 9-05; N = 8-60; S= 1474 
per cent.). 


cis- Homophthalatodiethylenediaminecobaltic Salts, YX, where 
Y= | Coe 9.9200 ens |. 


The bromide, Y Br, was not obtained in a crystalline form, although 
a red powder answering to it in analysis and properties was obtained 
when ethyl alcohol was added to the very concentrated syrup 
obtained after evaporating a solution of 5 grams of the carbonato- 
bromide, to which 2-82 grams of homophthalic acid had been 
added. The powder obtained takes up moisture from the air unless 
it has been repeatedly washed with acetone and, finally, with ether. 
Although insoluble in ethyl alcohol, the powder is readily soluble 
in methyl alcohol. 

The thiocyanate, Y‘SCN,H,O, was obtained from the foregoing 
product by adding 2 grams of ammonium thiocyanate to a strong 
solution of 2 grams of the bromide. The thiocyanate separates at 
first in a viscid condition, but after being well washed with water and 
redissolved in warm water, it can be crystallised in minute, purple, 
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iregular plates, after evaporation in a desiccator (Found: 
Co = 13-50; N= 15-93; H,O = 4-28. C,,H,.0,N;SCo,H,O re- 
quires Co = 13-61; N = 16:18; H,O = 4-16 per cent.). 

The hydrogen homophthalate, Y*CO,°CH,°C,H,°CO,H, was obtained 
in pink, microscopic needles from two molecular proportions of the 
acid and one of the carbonato-base in the usual way, although 
addition of a few drops of alcohol after evaporation, and keeping 
for four weeks in the ice-chest were required to cause crystallisation. 
The salt was obtained in good yield. It is much more soluble in 
cold water than the corresponding product obtained from phthalic 
acid (Found: Co = 10-85; N= 10-51. Cy ,H., O,N,Co requires 
Co = 11-00; N = 10-45 per cent.). 


trans-Dichlorodiethylenediaminecobaltic Salts. 


Price and Brazier (T., 1915, 107, 1713) have described a series 
of additive compounds formed from certain dibasic aliphatic acids 
and their acid salts of trans-dichlorodiethylenediaminecobalt. The 
five acids employed in the preparation of the cis-compounds 
described above have been used to discover their behaviour with 
trans-dichlorodiethylenediaminecobaltic chloride. 

Benzylsulphoacetic acid, unlike malonic acid, does not give an 
additive compound. It agrees in its behaviour with sulphoacetic 
acid (T., 1920, 117, 1075). 

trans-Dichlorodiethylenediaminecobaltic hydrogen  benzylsulpho- 
acetate, (C1,Co eng)SO,°CgH,°CO,H, separated readily in grass-green 
needles when 2 grams of trans-dichlorodiethylenediaminecobaltic 
chloride were stirred into a solution of 2 grams of benzylsulphoacetic 
acid in 30 c.c. of water (Found: Co= 12-25; Cl = 14-55. 
Ci3H,,0;,N,Cl,SCo requires Co = 12-31; Cl = 14-81 per cent.). 

Phthalic acid, like succinic acid, does not form an additive 
compound. As phthalic acid is not sufficiently soluble in water, it 
was necessary to use sodium hydrogen phthalate. An alcoholic 
solution was tried unsuccessfully. 

trans-Dichlorodiethylenediaminecobaltic hydrogen phthalate 
separated almost quantitatively in emerald-green plates when a 
solution of 5 grams of sodium hydrogen phthalate in 25 c.c. of water 
at 50° was poured into a cold solution of 4 grams of the trans- 
dichloro-chloride in 20 c.c. of water (Found : Co = 14:09; Cl = 16-81. 
C,H,,0,N,Cl,Co requires Co = 14:21; Cl = 16-63 per cent.). 

Sulphobenzoic acid also does not give an additive compound. 

trans-Dichlorodiethylenediaminecobaltic hydrogen sulphobenzoate, 
(Cl,Co en,)SO,°C,H,-CO,H, separated in dark green, elongated 
plates on adding 2 grams of the trans-dichloro-chloride to a solution 
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of 4 grams of sulphobenzoic acid in 25 c.c. of water and keeping for 
two hours (Found: Co = 13-00; Cl= 15-61. ©,,H,,0,;N,CI,SCo 
requires Co = 13-08; Cl = 15-72 per cent.). 

Homophthalic acid was tried, both as the free acid and as the 
acid sodium salt, with the trans-dichloro-chloride, but no crystals 
could be obtained either of an additive compound or of an acid 
homophthalate. 

Bromobenzene-3 : 4-disulphonic acid behaves differently from all 
acids previously used, in its action on the trans-dichloro-chloride. 
When solutions of the two substances were mixed, instead of a green 
trans-dichloro-salt forming, all the chlorine was displaced by the 
organic acid and a cis-salt soon separated in microscopic, pink 
crystals. This was found to be the bromobenzene-3 : 4-disulphon- 
atodiethylenediaminecobaltic bromobenzene-3 : 4-disulphonate 
already described (Found: Co= 9-10; N = 8-65. Calc., Co= 
9-05; N = 8-60 per cent.). 

Since the work of Price and Brazier (loc. cit.), no other acids have 
so far yielded additive compounds of the type they describe. 
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CCXXVIII.—The Separation of Miscible Liquids by 
Distillation. 


By Artuur FEeuix Durton. 


THE object of the present research is the investigation in the 
laboratory of continuous distillation. This involves the con- 
struction of continuous stills capable of effecting in the laboratory 
the perfect separation of a simple binary mixture such as benzene 
and toluene, which has hitherto not been achieved, and the study 
of their behaviour. A quantity, termed the thermal efficiency, 
has been defined by the author (Phil. Mag., 1921, [vi], 42, 633) to 
afford a comparison of the performance of stills and a measure of 
the approach towards theoretical perfection. . 
A typical column for continuous distillation consists of a vertical 
tube into the middle of which the mixture to be distilled is intro- 
duced. The more volatile component is collected at the top o 
the column and the less volatile at the bottom. The upper patt, 
that is, the portion above the point at which the mixture is intro- 
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duced, behaves exactly like a still-head for discontinuous working 
and must lose a certain amount of heat either throughout its length 
or to a condenser at the top. To the lower part of the column, 
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oa the other hand, heat must be supplied either throughout the 
length or to a boiler at the bottom. When the whole of the heat is 
supplied at the bottom, loss of heat from the column must be reduced 
to a minimum. 


3x2 


1990 DUFTON : SEPARATION OF MISCIBLE LIQUIDS BY DISTILLATION, 


As the only form of still-head capable of giving perfect separation 
in the laboratory appeared to be the column devised by Dr. §. F, 
Dufton (J. Soc. Chem. Ind., 1919, 38, 45r) for the separation of 
small quantities of liquids, it was decided to construct a continuous 
model upon the same principle. This type of column is made by 
creating a spiral track in a narrow annulus between a glass tube apd 
an inner core upon which a spiral of wire is wound. Descending 
liquid seals the wire to the walls of the annulus and causes the 
ascending vapour to pass along the spiral track. 

The first successful column made was 200 cm. long and the 
internal diameter increased from 0-45 cm. at the top to 0-9 cm. at 
the bottom (Fig. 1). Heat was supplied electrically at the bottom 
of the still by means of a wire coil immersed in the toluene and the 
rate of heating was measured by means of a watt-meter. To obviate | 
any loss of heat from the lower half of the column, a thick lagging 
of cotton-wool was employed and this lagging was surrounded by a 
steam-jacket. As the temperature at the bottom of the still was | 
110° and at the middle of the still 90°, this protection was practically 
ideal. The upper half of the column was also lagged with cotton- 
wool. 

The mixture to be separated was fed down a short reflux-tube 
into a small flask, where it was electrically preheated to its boiling 
point, and delivered into the middle of the column. A siphon 
maintained the level in the preheater constant and ensured a con- 
stant feed-pressure. The rate of feeding was regulated by altering 
the siphon level. 

Thermometers reading to 0-1°, calibrated in position by the 
distillation of pure benzene and pure toluene, indicated the purity 
of the products. A small window was provided in the jacket to 
enable the boiling point on the toluene thermometer to be read. 
This thermometer formed the lowest portion of the core upon which 
the spiral track was wound. 

The still could be regulated by altering the lagging upon the upper 
half, by adjusting the rate of feeding, and by varying the heat supply. 

Tests were made with a 50 per cent. mixture of benzene and 
toluene, and it was found possible to regulate the still to work 
automatically, yielding pure benzene and pure toluene continuously, 
the temperatures indicated on the thermometers not differing by 
0-05° from the calibrated temperatures. A rate of feeding of more 
than 0-5 c.c. per minute was attained. 

In one experiment, with a heat supply of 309 calories per minute, 
pure benzene and pure toluene were collected each at the rate of 
0-26 c.c. per minute. The separation of one gram of benzene 
required, therefore, the expenditure of 1340 calories. As the 
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theoretical quantity of heat required is calculated to be 208 calories 
‘A. F. Dufton, Joc. cit.) the thermal efficiency of the still was 15-5 
per cent, 
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In another experiment with the same still, the lagging upon the 
upper half of the column was increased. With a rate of heating 
of 215 calories per minute pure benzene and pure toluene were 
collected each at the rate of 0-18 c.c. per minute. This also corre. 
sponds with a thermal efficiency of 15-5 per cent. 

Further experiments with this type of column projected with a 
view to obtain an increased rate of feeding, a higher thermal 
efficiency, and easier regulation were discontinued, experiments, 
made concurrently with this investigation, having shown that 

perfect separation in the laboratory is possible with 
Fic. 3. other types of still-head. Some of the columns used 
appeared to be better adapted for continuous working 
than the Dufton column, which was specially designed 
to have minimum working volume, a matter of para. 
mount importance in the separation of small quantities 
of liquid, but of no significance at all in continuous 
working. 

In testing various still-heads, in a search for a simply 
constructed column giving with high thermal efficiency 
a pure product at a high rate of distillation per unit 
area of section and per unit volume of column, the 
mixture of benzene and toluene was boiled in a vacuum 
flask as still. Heat was supplied electrically by means 
of a coil of wire wound upon mica immersed in the 
liquid, and the rate of heating was measured by means 
of a watt-meter. The rate was controlled by means of 
a rheostat. A thermometer reading to 0-1° placed in 
the top of the column showed the temperature of the 
vapour and indicated the purity of the distillate. The 
thermometer was calibrated in position in the apparatus 
by the distillation of pure benzene, the boiling point, 
corrected for variation of atmospheric pressure, being 
taken as 80-2°. The régime of distillation was so uniform that 
in one experiment a sudden change in the atmospheric pressure 
amounting only to 1-2 mm. was inferred from the reading of the 
thermometer before the reading of the barometer was made. 

A nomogram (Fig. 2), constructed from data given in the author's 
paper in the Philosophical Magazine, was used to calculate the 
thermal efficiency from the rate of distillation, the rate of heating, 
and the composition of the mixture. 

Tables I and II show the results obtained in experiments with a 
dephlegmator with 50 c.c. of 80 per cent. and 50 per cent. mixtures 
of benzene and toluene. A constant rate of heating of 287 calories 
per minute was maintained in each experiment. 
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The dephlegmator was made in a glass tube 1-5 cm. in diameter 
and the length of the column was 75 cm. To support the dephleg- 
mating films of liquid, fifteen discs of copper gauze of 80 holes to 
the inch were sealed to the walls at intervals of 4-5 cm. A glass 
siphon tube 3 mm. in diameter was fitted through each disc (Fig. 3) 
to prevent the accumulation of liquid upon the gauze. These tubes 
acted as traps and prevented the vapour from ascending without 
bubbling through the liquid. The dephlegmator differed from that 
of Brown (T., 1880, 37, 49) in that the latter worked with a layer of 
liquid 8 mm, deep upon each gauze. Brown, moreover, used copper 
gauze of 40 mesh, stating that finer gauze would, “ of course,” 
mean greater pressure difference between sections. Experiment, 
however, shows the remarkable fact that the same pressure is 
required with gauze of 50, 60, or 80 mesh. The pressure required 
for a mixture of benzene and toluene was 2-5 cm. of liquid and the 
siphons were made to maintain this pressure. 


TABLE I. 


Benzene 

per cent, Thermal 
Time in C.e. C.c. in the efficiency 
minutes. _ collected. per min. mixture. Temp. per cent. 


4 
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0°60 80-2° 
0°66 . 80°2 
0°69 80°2 
0°69 80°2 
0°66 j 80°2 
0°52 p2° 80°2 
0°36 80:2 
0°29 80:2 
0-21 80°2 
0-14 9°5 80°2 
0-10 ' 80-2 
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3°3 
72 
1°3 
5:5 
9°6 
3°4 
5°7 
77 
9°2 


TABLE II. 


Benzene 
ae per cent. Thermal 
Time in C.c. C.c. in the efficiency 
minutes. collected. per min. mixture. . per cent. 


0-0 — 50 
2°1 0°32 46 
4°8 0°39 
= 0°40 
0°35 
0°30 
0°22 
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O-O5 
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Table III shows the results obtained with a still-head made by 
filling a glass tube 2-3 cm. in diameter and 100 cm. long with thin. 
walled, cylindrical, glass beads 4 mm. long and 4 mm. in diameter, 
A mixture of 500 c.c. of benzene with 300 c.c. of toluene was em. 
ployed and the rate of heating was 1000 calories per minute through. 
out the experiment. 

For a 50 per cent. mixture, the thermal efficiency was 47 per cent.; 
the rate of distillation was 0-60 c.c. per minute per sq. cm. of cross. 
section and 6-0 c.c. per minute per litre of still-head. This colum, 
is simple to construct, easy to operate, and not liable to become 
deranged. It appears to possess all the advantages sought for in a 
column for continuous working. 


Taste III. 


Benzene 

per cent. Thermal 
Time in C.c. C.c. in the efficiency 
minutes. collected. per min. mixture. Temp. per cent. 


80-2° 
80°2 
80-2 
80°2 
80°2 
80°2 
80°2 
80°2 
80°2 
80°2 
80°2 
80°2 
80°2 
80°2 
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CCXXIX.—The Colour of Iron Alum. 
By JANE Bonnett and Epcar Pxiip PERMAN. 


Ir is well known to chemists that iron ammonium alum occurs i 
two distinct forms, namely, the more usual form of a violet colour 
and also a colourless form. Ostwald put forward the theory that 


ment 
t his 
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the latter is the pure form, the colour of the other being due to the 
presence of manganese as an impurity (“Grundlinien der anor- 
ganischen Chemie,” 1900, 585). This might very easily be the 
case, and it was with the view of testing the validity of the hypothesis 
and of investigating the whole question that the following experi- 
ments were performed. 

1. Testing the Coloured Variety for Manganese-—Some of the 
coloured variety was dissolved in water and the iron precipitated as 
basic acetate by means of ammonium acetate and acetic acid. This 
basic acetate was filtered off and thoroughly washed with warm 
water. The washings were added to the filtrate and the whole was 
evaporated to small bulk. Ammonium hydroxide was then added, 
the whole evaporated to dryness, and ignited. If manganese were 
present, it would be left as manganese oxide. Actually a faint 
black residue was left, which was tested for manganese by means 
of the borax bead test. The bead remained colourless both in the 
oxidising and the reducing flame, showing that the residue did not 
contain an appreciable quantity of manganese. 

2. Preparation of the Alum by Purifying from Manganese.— 
This experiment was performed to test the previous result. Some 
of the coloured variety was dissolved in water and the iron partly 
precipitated as basic acetate. This basic acetate was filtered off 
and thoroughly washed as before. It was then dissolved in 
dilute sulphuric acid, and the solution divided into two portions, 
A and B. 

A was converted into the alum. On crystallising, it gave coloured 
crystals. 

In B, the iron was again partly precipitated as basic acetate, this 
basic acetate carefully washed as before, again dissolved in sulphuric 
acid, and then converted into the alum. This also yielded coloured 
crystals. It should be noted that both solutions A and B were 
strongly acid. ‘Together, experiments 1 and 2 seem to show that 
the colour was not due to the presence of manganese, but was the 
colour of the pure salt. 

3. Preparation of Colourless Alum.—These experiments fall into 
two divisions : 

A. Attempts to prepare the colourless salt from the slightly 
reduced alum. 

B. Attempts to prepare it from alum containing ferric hydroxide. 

A. 1. Asmall quantity of the colourless alum was already available, 
as It had been prepared by a student in carrying out the preparation 
of iron alum as a practical exercise. On being tested, this was 
shown to contain ferrous salt, that is, there had been incomplete 


oxidation. A portion was oxidised with nitric acid in the presence 
3 y* 
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of sulphuric acid and allowed to crystallise. The solution yielded 
coloured crystals. 

2. Some of the coloured alum was slightly reduced by means of 
sulphuric acid and iron filings. This solution yielded coloured 
crystals. 

3. Some ferrous sulphate solution was added to a solution of the 
coloured alum and the whole allowed to crystallise. Coloured 
crystals were obtained. 

Evidently, then, the loss of colour is not due to the presence of 
ferrous salts. 

B. These experiments were based on the hypothesis that the 
colourless form might be due to the presence of ferric hydroxide. 

1. A solution of the coloured alum was treated with a few drops 
of ammonium hydroxide and left to crystallise, when faintly brown 
crystals separated out. 

2. Equal quantities of the crystals obtained in the previous 
experiment and of the violet crystals were dissolved together, and 
the solution was allowed to crystallise. The crystals obtained were 
still of a brown colour, but in both experiments the crystals showed 
no trace of the violet coloration of the original crystals. 

3. A solution of the coloured alum in water was boiled for about 
ten minutes, and then allowed to crystallise, when colourless 
crystals separated out. It is known that solutions of this alum 
hydrolyse to an appreciable extent when heated, if strongly acid 
solutions are not used. 

4. Some of the colourless crystals obtained were redissolved in 
water and the solution was made strongly acid. This yielded 
coloured crystals. 

5. A saturated solution in cold water of the coloured alum was 
prepared and allowed to crystallise. The crystals did not separate 
out for about fifteen days and were of a mixed character, some being 
colourless and some having a faintly violet tinge. The colourless 
crystals were redissolved in cold acid solution and allowed to 
crystallise, when the violet crystals were obtained. 


Conclusion. 


These simple experiments point to the fact that the coloured 
form‘of the iron ammonium alum is the pure form of the salt. The 
colourless variety is due to the presence of ferric hydroxide (probably 


colloidal), the brown colour of which neutralises the colour of the 
alum itself. It has also been shown that simply boiling a solution 
of the alum for a few minutes, bringing about hydrolysis of the salt, 
produces sufficient ferric hydroxide to neutralise the colour, and to 
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make the solution yield colourless crystals, except when strongly 
acid solutions are used. 

In ordinary circumstances, when the alum is being prepared, the 
solutions are strongly acid, very little hydrolysis takes place, and 
the coloured form is therefore produced. 


University COLLEGE, 
CARDIFF, [ Received, October 19th, 1921.] 


CCXXX.—The Direct Iodometric Estimation of Lead 
Peroxide. 


By SAMUEL GLASSTONE. 


THe method of the direct iodometric estimation of lead peroxide 
(or of red lead) without distillation was first introduced by Diehl 
(Dingl. polyt. Journ., 1882, 246, 196). When lead peroxide is 
acted upon with dilute acid (acetic) in the presence of potassium 
iodide, the iodine liberated in accordance with the following 
equation may be directly titrated with standard thiosulphate 
solution. 
PbO, + 4HI = PbI, + 2H,O + I,. 

An excess of ammonium acetate was added in order to keep the 
lead iodide in solution, as in the solid form it not only interfered 
with the detection of the end point, but also formed an insoluble 
coating round the solid peroxide and thus prevented further action. 
For this reason the acid used in the first place was acetic acid, as 
any stronger acid would be converted into it. 

Topf (Zeitsch. anal. Chem., 1887, 26, 277) slightly modified the 
method of Diehl, by using sodium acetate instead of ammonium 
acetate, and defined the quantities of the various reagents to be 
used in the estimation. 

Reinsch (Chem. Zentr., 1907, i, 993), Marchese (Gazzetta, 1907, 
37, ii, 292), Beck (Zeitsch. anal. Chem., 1907, 46; 456), and Milbauer 
(Chem. Zeit., 1909, 33, 522) modified the Topf-Diehl method by 
varying the quantities of the substances used in the reaction. 

Chwala and Colle (Zeitsch. anal. Chem., 1911, 50, 209) examined 
the various modifications of this method and showed that uncertain 
results are caused by (a) the action of iodine on lead salts in the 
presence of acetic acid, resulting in the formation of methyl iodide, 
methyl acetate, and iodoacetic acid, and (b) the reversible reaction 
6H’ + 51’ + 10,’ —= 31, + 3H,O (Sammet, Zeitsch. ee Chem., 

3 Y 
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1905, 53, 642), which prevents an appreciable amount of the 
iodine liberated by the lead peroxide from being titrated by 
thiosulphate. 

Milbauer and Pivnicka (Zeitsch. anal. Chem. 1914, 53, 345) made 
a fairly complete investigation of the various factors involved in the 
Topf-Diehl reaction, and obtained the following results: (a) the 
effect of time was to diminish the amount of “ titratable ”’ iodine 
formed, for example, when the results obtained were calculated as 
percentages of PbO,, the value obtained after ten minutes was 
90-28, after twelve minutes, 89-6, and after sixty minutes, 86-0; 
(6) at higher temperatures (up to 60°) lower results were obtained, 
(c) 50 per cent. acetic acid gave a higher result than 5 per cent. 
acetic acid, (d) dilution to 200 c.c. gave higher results than dilution 
to 20 c.c., and (e) potassium and sodium acetates gave higher results 
than an equivalent amount of ammonium acetate. Asa consequence 
of these investigations, the authors laid down conditions for the 
estimation of lead peroxide by this method; a glance at their ex- 
perimental results, however, shows that the method cannot be 
regarded as by any means quantitative. 

A further disadvantage of the Topf-Diehl method mentioned by 
Reinders and Hamburger (Zeitsch. anorg. Chem., 1914, 89, 71) is 
the very slow rate of solution of the lead peroxide (or red lead) in 
the acetic acid mixture. 

The object of this work was to find the conditions under which 
the interaction of lead peroxide and hydriodic acid would give 
quantitative and reproducible results. It seemed possible that a 
source of error, in addition to those given by Chwala and Colle 
(loc. cit.), might be the appreciabie reversibility of the reaction, 

PbO, + 4HI == PbI, + 2H,0 + I, 
(compare the similar reaction with hydrochloric acid, Wescott, 
J. Amer. Chem. Soc., 1920, 42, 1335), and an experiment was 
arranged to test this possibility. If the conditions in the reaction 
are such that lead peroxide and lead iodide are solid phases, and the 
solution is moderately dilute, we should have, in the aqueous layer, 
[H1}*/[I,] = a constant at a definite temperature. 


ExPERIMENTAL. 


A mixture of a large excess of lead peroxide and 20 c.c. of approxi- | 


mately N-hydrochloric acid containing 6 grams of potassium iodide 
was placed in a thermostat at 25°, and well shaken from time to time. 
After definite intervals, a known volume of the clear liquor was 
withdrawn, diluted, and rapidly titrated with N/10-thiosulphate, 
and then with NV /10-sodium hydroxide. 
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C.c. of N/10- C.c. of N/10- 

Time. thiosulphate (a). NaOH (bd). 2a + b. 
30 mins. 81 3:0 19°2 
- « 9°4 0°4 19°2 

180 _ ,, 9°6 nil 19°2 
24 hours 9°6 nil 19°2 


The results show that the reaction is not reversible to any appreciable 
extent, since all the hydrogen ions (as nearly as could be volu- 
metrically determined) had been used up. 

The uncertain results obtained in the Topf-Diehl method can be 
attributed only to the action of iodine on acetates and the formation 
of iodate (Chwala and Colle, loc. cit.). Both these sources of error 
would be eliminated by the use of hydrochloric acid instead of acetic 
acid, provided a means could be found of keeping the lead iodide in 
solution. The hydrogen-ion concentration would then be so great 
as to force the equilibrium in the iodate-iodide—-iodine reaction 
well over to the free iodine side ; for example, iodate may be estimated 
by adding acidified potassium iodide solution, and titrating the 
iodine quantitatively liberated. A further advantage in using 
hydrochloric acid would be the more rapid solution of the sample 
under analysis. 


Solution of the Lead Iodide. 


Sutton (“ Volumetric Analysis,” 10th ed., p. 138) and Schimpf 
(“Manual of Volumetric Analysis,” 5th ed., p. 222) describe a 
method for estimating lead peroxide by digestion with hydrochloric 
acid and potassium iodide in a tightly stoppered bottle placed in a 
boiling-water bath. By this method the lead iodide is kept in 
solution during the course of the reaction (due to the elevated 
temperature), but the sparingly soluble salt separates out on cooling 
previous to titration. Milbauer and Pivnicka (loc. cit.) showed that 
a large excess of potassium iodide (40 grams for 0-2 gram of lead 
peroxide) kept the lead iodide in solution; this method is much too 
expensive. 

The well-known solubility of lead haloids in solutions of alkali 


vhaloids led to the trial of sodium chloride; it was found that the 


presence of the latter salt greatly increased the solubility of lead 


jiodide. Even in the presence of fairly concentrated hydrochloric 
jacid, when the amount of sodium chloride in solution was greatly 
reduced, the solubility of the lead iodide was still considerable. 


Concentration of the Acid. 


The proposed method of estimation was to digest a weighed 
amount of lead peroxide (or red lead) with hydrochloric acid at 
toom temperature in the presence of potassium iodide and a large 
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excess of sodium chloride. The effect of variation in the acid 
concentration on (a) the amount of iodine liberated, and (b) the 
rate of solution of the lead oxide and iodide, due to the corresponding 
alteration in the solubility of the sodium chloride, had to be deter. 
mined. A series of experiments was arranged in which a definite 
weight of lead peroxide (0-2 gram) was added to 100 c.c. of hydro. 
chloric acid varying in concentration from N/2 to 5N, containing 
1 gram of potassium iodide and excess (about 30 grams) of sodium 
chloride. The time for complete solution of the peroxide was 
roughly noted in each case and the iodine titrated against thiosul- 
phate solution. The titrations were identical in each case, but when 
the hydrochloric acid was about 2N, the rate of solution appeared 
to be greatest. This concentration, although not essential, was 
finally adopted for subsequent work. The amount of potassium 
iodide used in this process was always somewhat greater than that 
required by theory, owing to the sparing solubility of iodine in 
water. The iodide used must, of course, be free from iodate. 

The effect of time on the amount of titratable iodine was also 
investigated ; after three hours the titration was the same as that 
in a similar experiment in which the iodine had been titrated 
immediately. 

In order to promote dissolution of the lead oxide, which in any 
case was far more rapid than in the Topf-Diehl method, the oxide 
was very finely ground, and the reaction carried out in a stoppered 
bottle which could be vigorously shaken. Under these conditions, 
no difficulty was ever experienced in getting specimens into solution. 

These experiments showed that the direct iodometric estimation 
of lead peroxide could be put on a much better foundation than that 
of the Topf-Diehl method. The following procedure was then 
adopted for quantitatively estimating lead peroxide. 


Method of Analysis. 


Lead peroxide (0-2 gram) or red lead (0-5 gram) was weighed out 
into a bottle containing 20 c.c. of 36 per cent. hydrochloric acid, 
100 c.c. of water, 20 to 25 grams of sodium chloride, and about ! 
gram of potassium iodide. The bottle was stoppered and the 
whole well shaken for one or two minutes to ensure complete 
solution of the lead oxide. The liberated iodine was titrated with 
N/20-thiosulphate solution, starch being added towards the end of 
the reaction. Very satisfactory duplicate results were obtained in 
this way. Owing to the uncertain results obtained by other methods 
of estimating lead peroxide (for a summary of these, see Chwala 
and Colle, loc. cit.), this method was checked by the estimation 
lead in a pure lead salt (see below). 
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Small amounts of nitrate (a possible impurity in lead peroxide 
and in red lead) had no effect on the amount of iodine liberated. 

The method described was also applied to the general estimation 
of lead, use being made of the oxidation of lead in boiling alkaline 
solution to lead peroxide by means of bromine water. A definite 
quantity of the lead salt was dissolved in water or in 5 per cent. 
sodium hydroxide solution; in either case alkali was added until 
the lead hydroxide had completely dissolved. Excess of bromine 
water was then added, and the mixture kept at or near the boiling 
point for some time (one to two hours) completely to convert the 
lead sesquioxide first formed into the peroxide, otherwise low results 
were obtained. The peroxide was then filtered off while hot and 
washed with boiling water (cold water gives colloidal filtrates) until 
free from bromine or hypobromite (test with acidified potassium 
iodide and starch). ‘To ensure complete oxidation to peroxide, the 
precipitate may be digested with hot dilute acetic acid, and the 
filtrate made alkaline and again treated with bromine water. The 
filter-paper and contents were then placed in a bottle containing 
suitable quantities of hydrochloric acid, sodium chloride, and 
potassium iodide, for example, those recorded above. The bottle 
was well shaken to disintegrate the filter-paper, the contents were 
diluted with water and titrated with thiosulphate of suitable con- 
centration. In this way results in agreement with the gravimetric 
estimation of lead as sulphate were obtained. This method is 
particularly useful in the case of very dilute solutions of lead salts 
where the gravimetric method is inapplicable; for example, 10 c.c. 
of a solution containing less than 0-004 gram of lead was easily 
analysed by this volumetric method. 

University or Lonpon, 

Kin@’s COLLEGE. (Received, October 12th, 1921.] 


OCXXXI.—The Conditions Underlying the Formation 
of Unsaturated and Cyclic Compounds from Halo- 
genated Open-chain Derivatives. Part III. Products 
Derived from Halogenated Glutaconic Acids. 


By Ernest HarRoLtp FarMER and CHRISTOPHER KELK INGOLD. 


Ir has been stated (this vol., p. 951) that the principal points in 
which Baeyer’s Spannungstheorie is at variance with the known 
facts of organic chemistry fall into two classes, the first consisting 
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of those which relate to the effect on ring formation of the number 
of carbon atoms composing the ring, and the second those relating 
to the influence of substituent groups. 

In the previous papers on this subject (this vol., pp. 305, 951) a 
series of definitely comparative experiments has been described 
by means of which, it is hoped, the precise extent of discrepancies 
of both types can be gauged with some degree of certainty. Sucha 
series of experiments, if sufficiently extended, must in the end 
yield the information required for a restatement in more exact 
form of the fundamental conditions which underlie the formation 
and fission of carbon rings, and lead to a clearer comprehension of 
the reason for the fact that the tendencies to ring-formation and to 

.fission are not strictly reciprocal properties; already, however, it 
has been noticed that many of the more obvious defects of the 
“‘ Spannungstheorie,” defects emerging, not only from ad hoc 
experiments, but also from a general survey of the literature of 
synthetic and naturally occurring carbocyclic compounds, dis. 
appear if the modifying hypothesis be made that groups attached 
to a carbon atom will, when not involved in ring formation, assume 
positions determined by their respective volumes relative to one 
another and to the available space. 

The method employed in the experiments referred to, namely, 
measuring the extent to which ring formation occurs in competition 
with a uniform side reaction under standard experimental conditions, 
has been previously described (loc. cit.) in some detail, and, in view 
of the fact that the underlying hypothesis is capable of being 
expressed to a first approximation in a quantitative form, every 
effort has been and is being made to obtain all the accuracy of which 
the method is capable. In this way (compare Parts I and II) the 
formation of cyclopropane derivatives from n-propane compounds 
and of analogous cyclobutane derivatives from n-butane compounds 
has already been studied, and at the present time the investigation 
is being extended both to other types of ring and to rings containing 
substituents varying in number, position, and in kind. In the 
meantime, however, it seemed desirable to bring within the ambit 
of the investigation the study of a third influence regarding which 
very little precise information is at present available, namely, the 
influence of unsaturation on the formation of cyclic compounds. 

At the outset difficulty was experienced in selecting for investiga- 
tion a suitable unsaturated acid capable of being treated according 
to the method used in the preceding parts of the research and at the 
same time having some claim to be regarded as a typical substance; 
for an examination of such information as exists indicated that 
totally different effects would be observed when dealing with 
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unsaturated compounds having differently situated double bonds. 
Since, however, in Parts I and II (loc. cit.) the open-chain sub- 
stances employed were glutaric and adipic acids (I and II), it was 
ultimately decided to examine in a similar manner and under 
comparable conditions the corresponding unsaturated derivatives, 
namely, glutaconic and muconic acids (III and IV), although there 
can be no question but that neither of these acids can be regarded 
as a normal unsaturated substance. 


CO, H-CH,-CH,-CH,-CO,H CO,H-CH,-CH,CH,*CH,:CO,H 


(I.) (IT.) 
CO,H-CH,-CH:CH-CO,H CO,H-CH:CH-CH:CH:-CO,H 
(III.) (IV.) 
CO,H-CH-CH,°CH-CO,H 
(V.) 


It is unnecessary to refer, except in the briefest manner, to the 
extended researches of Thorpe and his collaborators into the 
chemistry of the glutaconic acids. The clear outcome of this 
investigation has been that glutaconic acid is no ordinary unsaturated 
acid, and that, whilst it still possesses, although in greatly diminished 
degree, the characteristics of an unsaturated compound of the 
formula IIT, it has, in addition, another series of properties which 
this formula does not express and which suggest both symmetry of 
constitution and a condition of 1 : 3-unsaturation. The explanation 
offered is that the stable form of glutaconic acid has the “ semi- 
aromatic ’’ formula (V) (the “free ’’ 1 : 3-valencies being associated 
sufficiently to limit to some extent the tendency towards 1: 3- 
addition), but that in most experiments with the acid the unsaturated 
form (III) is present in small amount in a condition of tautomeric 
equilibrium. Many facts support this hypothesis. Nevertheless, 
it cannot be denied that in adopting such a formula for glutaconic 
acid one tacitly accepts the view that the chemistry of this substance 
consists largely of phenomena to which the ordinary three-dimen- 
sional formulee-models can give no clue, and from this point of view 
the behaviour of glutaconic acid and its derivatives in relation to 
the requirements of the “ Spannungstheorie” (which depends 
essentially on the tetrahedral carbon model) appears to possess 
more than ordinary interest. 

Comparing, for instance, the formation of cyclopropane-1 : 2- 
dicarboxylic acid (VII) from «-bromoglutaric acid (VI) with the for- 
mation of A?-cyclopropene-1 : 2-dicarboxylic acid (IX) from «-bromo- 
glutaconic acid (VIII) by the elimination of hydrogen bromide in 
each case, one observes that the unsaturated cyclic acid should be 
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CHBr-CO,H CH-CO,H 
H 2 CH 2 
CHe<CHCO,H 2S G-Co,H 
(VI.) (VIL) 
CHBr-CO,H CH-CO,H 
H “=. cH< 2 
™ <CH-cO,H ‘C-CO,H 
(VIII.) (IX.) 


considerably the more difficult to produce, the formation numbers 
(loc. cit.) in these instances being 0-345 and 0-385 respectively. 
Another factor, however, must be taken into account; for in all 
experiments of this kind it is essential to have some guarantee that 
the effects attributed to differing tendencies towards ring closure 
are not being masked by the differing reactivities of the halogen 
compounds employed. Indeed this consideration constitutes the 
main reason for employing the standard side-reaction method, 
since by this means any serious difference in the reactivities of the 
halogen compounds is immediately detected, and, in fact, is largely 
(although, in all probability, not exactly) compensated. The case 
with which we are here dealing furnishes the first instance so far 
met with in the course of these investigations of a halogen compound 
differing in reactivity from the analogues previously employed. 
The point of importance, however, is that the difference in this case 
is in the sense which again indicates that greater difficulty will 
attend the formation of the unsaturated ring acid (IX) than of the 
saturated acid (VII). 

On two counts, therefore, the cyclopropenedicarboxylic acid 
should be less easily produced, but it will be a matter for surprise 
to no one prepared to regard «-bromoglutaconic acid as a “ semi- 
aromatic ’’ substance (X) having 1 : 3-valencies in an equilibrium 

CO,H-CBr-CH,°CH-CO,H 
(X.) 
state of limited mutual association that, as a matter of fact, the 
cyclopropenedicarboxylic acid is produced considerably more 
smoothly than its saturated analogue under experimental con- 
ditions involving minimal complications in each case. 

It is necessary at this stage, in order to render intelligible the 
significance of some of the factors which complicated the series of 
reactions from the products of which the cyclopropenedicarboxylic 
acid was isolated, to indicate the method by which the bromo-acid 
(X), or rather one of its esters, was obtained for the investigation. 
As Feist has shown (Ber., 1911, 44, 135), ethyl glutaconate readily 
absorbs two atoms of bromine and yields a dibromo-ester (X1). 
This substance, when treated with diethylaniline under the con- 
ditions described in the experimental part of this paper, yields ethyl 
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bromoglutaconate (XII), in which the position of the bromine atom 
is clearly proved by the nature of the products formed on complete 
hydrolysis. The free dibromo-acid (XIII) was prepared by 


C0, Et*CH,-CHBr-CH Br-CO,Et CO,Et-CBr-CH,°CH-CO,Et 
(XI.) * (XT) ° 
CO,H-CH,°CHBr-CHBr-CO,H 
(XTII.) 

Verkade and Coups (Rec. trav. chim., 1920, 39, 586) by the action 
of bromine vapour on glutaconic acid in the absence of a solvent, 
hut on attempting to prepare «-bromoglutaconic acid from this 
substance by elimination of hydrogen bromide, unexpected difficulties 
were experienced. Many experiments were made with a view to 
discover the correct conditions, but although indications were 
obtained that the monobromo-acid (X) was actually produced in 
considerable amount, it always appeared to be accompanied either 
by unchanged dibromide or by products of further decomposition, 
which, owing to the labile character of the bromine in the mono- 
bromo-acid, rendered purification exceedingly difficult. Since, 
therefore, after repeated attempts a satisfactory specimen was not 
obtained, the complete hydrolysis by alkalis of the dibromo-acid 
(XIII) was investigated under the usual two sets of standard 
experimental conditions in the hope that the character of the 
products would indicate the intermediate formation of the bromo- 
acid which it had not been possible to purify. This assumption 
proved in the main to be correct. 

Nevertheless, when the dibromide was hydrolysed, certain 
reactions were observed which were not met with when the mono- 
bromo-ester was employed. Probably the most remarkable of 
these was that by which, under the influence either of concentrated 
or of dilute alkali, glutaconic acid (V) was produced with the elimin- 
ation, not of hydrogen bromide, but of bromine, a type of reaction 
to which comparatively few parallels are known. However, those 
instances which have been recorded of the elimination of a halogen 
as such, either spontaneously or by some reagent (other than a 
reducing agent), are certainly to be regarded as indicating an ex- 
ceedingly strong tendency towards formation of the product obtained. 
Thioindigotin, for example, is produced by merely heating 1 : 1- 
dibromo-2-ketodihydrothionaphthen (Bezdzik, Friedliinder, and 
Koeniger, Ber., 1908, 41, 234), whilst several cases of the passage 


co CO CO 
/\/\. PS a 
2; | dCBr,—> { | 9dCcc | |+2Br, 
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of the dibromo-derivative of a dihydroresorcinol into the corre. 
sponding monobromo-compound by the action of aqueous alkalis 
alone have quite recently been investigated (Norris and Thorpe, 
this vol., p. 1209-1210) : 


_~CH,°CO 
R,C< CHS-CO> CBre — 


* 
CH, CON ,# = 1 CH,°C(OH)s 
RC<CH?.CO> HBr => RCC OR? CO>CBr 
In the latter case, the great ease of formation of the product is 
almost certainly to be connected with the well-known tendency 
to acquire the mobile hydrogen atom (marked *) possessed by a 
potentially tautomeric system, a tendency well illustrated by the 
remarkable facility with which a carbethoxyl group is eliminated 
as ethyl carbonate from substituted glutaconic esters of the type 
(CO,Et),CR°-CH°CR’-CO,Et by the action of cold sodium ethoxide: 
(CO,Et),CR-CH:CR’-CO,Et —— > CO,Et-CHR-CH:CR’-CO,Et + (Et0),00 
CO,Et-GR-CH,GR’:CO,Et“” 
(“normal” form) \ 
CO,Et-CR:CH-CHR’-CO,Et. 


Once the mobile hydrogen atom (marked *) is obtained, the system 
becomes tautomeric and shows no further tendency to break down 
until interchange with the ‘‘ normal ”’ (semi-aromatic) form is avain 
suppressed by replacing the hydrogen atom by an alkyl g'.up 
(Thole and Thorpe, T., 1911, 99, 2187). The formal similarity with 
the hydrolytic reaction mentioned above is obvious : 


CO,H-CH,"CHBr-CHBr-C0,H >> CO,H*CH,"CH:CH-CO,H 4+-NaBr+Na0Br 
+ 3 


CO,H-GH-CH,-CH-CO,H 
“ al” i 
a CO,H-CH:CH-CH,*CO,H. 


Now the whole difference between the stability of three-carbon 
systems and that of tautomeric systems of other types is one of 
symmetry (Ingold and Thorpe, this vol., p. 492), the permanence 
of the ‘‘ normal ”’ forms being dependent on this more than on any 
other separate factor. The normal form of glutaconic acid itself, 
therefore, is at once the most mobile in its dynamic and the most 
stable in its equilibrium relations with its unsaturated isomeride, 
of any normal acid of the series; hence it seems plain that the effect 
of molecular symmetry on three-carbon tautomerism is the ultimate 
cause to which the remarkable tendency towards the production of 
glutaconic acid, even by abnormal reactions such as the elimination 
of bromine from «8-dibromoglutaric acid and of nitrogen from esters 
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of pyrazole-3 : 5-dicarboxylic acid (compare p. 2009), is to be 
attributed. 

The glutaconic acid obtained in these experiments was invariably 
accompanied by 6-hydroxyglutaric acid (XIV), which was evidently 
a secondary product formed by the addition of the elements of 
water to the unsaturated form of glutaconic acid (III) during the 
process Of isolation. Verkade has shown {K. Akad. Wetensch. 
Amsterdam, 1915, 18, 981) that glutaconic acid unites with water 
in this manner when an acid solution is evaporated, whilst Fichter 
and Dreyfus (Ber., 1900, 33, 1452) proved that the reverse reaction 
proceeds in the presence of alkalis; hence the change is probably 


CO,H-CH,°CH:CH:CO,H + H,O 2 
CO,H-CH,°CH(OH)-CH,°CO,H XIV.) 
to be regarded as reversible, the equilibrium depending on the 
extent to which the end-products undergo further change under the 
conditions employed. Our observations on the matter appear to 
indicate that the principal circumstance affecting the equilibrium 
is the conversion in acid solution of the hydroxy-acid into a B-lactone 
or a lactide, which, however, is unstable and difficult to isolate. 

Another acid the formation of which was observed in experiments 
on the action of alkalis on «8-dibromoglutaric acid was «8-dihydroxy- 
glutaric acid, the product of complete hydroxylation * (XV). As 
with most hydroxylation products formed by similar methods, the 
quantity obtained (vide Tables I and II, p. 2011) was particularly 
large when dilute alkalis were employed for the hydrolysis. 

CO,H-CH(OH)-CH(OH)-CH,°CO,H = (XV.) 

Regarding the substances obtained from ethyl monobromo- 
glutaconate or from the monobromo-acid formed intermediately 
in the hydrolysis of «$-dibromoglutaric acid, it will immediately be 
obvious that the final hydroxylation product to be expected is 
«-ketoglutaric acid (XVIII), into which a-hydroxyglutaconic acid 
(XVI) must be converted (via its unsaturated modification, XVII) 
almost at the moment of its formation : 

(0,H-C(OH)-CH,-CH-CO,H —> CO,H-C(OH):CH-CH,°CO,H —> 
(XVI.) (XVII.) 
CO,H-CO-CH,°CH,°CO,H 
(XVIII.) 

* Kiliani and Loeffler (Ber., 1905, 38, 3624) obtained this substance in 
mall yield both by the action of permanganate on glutaconic acid and by 
boiling the acid in an aqueous solution to which the theoretical amount of 
bromine (two atoms) had been added. The latter observation is of interest, 
because a8-dibromoglutaric acid has never been obtained from the product 
formed by the action of bromine on glutaconic acid in the presence of water, 
or, indeed, of any other solvent (Thorpe, T., 1919, 115, 679). 
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Actually, this keto-acid invariably constituted a considerable 
proportion of the product obtained whether concentrated or dilute 
alkalis were employed in the hydrolysis. This relatively slight 
difference, well illustrated by the figures recorded in Tables I and 
IIT (pp. 2011, 2012), between the quantities produced under the two 
sets of standard experimental conditions (one involving the use of 
2N-aqueous sodium earbonate, the other of 6N-methyl alcoholic 
potassium hydroxide) which have been employed throughout this 
as well as in the preceding parts of the investigation, appeared the 
more unaccountable when considered in relation to the large 
differences obtained in other cases (loc. cit.), until it was suspected 
that «-ketoglutaric acid was the ultimate product of two distinct 
series of reactions. That this was really the case was satisfactorily 
proved by direct experiment; for it was found that the cyelo- 
propenedicarboxylic acid (IX), although quite stable to dilute 
aqueous sodium carbonate, was decomposed somewhat readily by 
concentrated methyl-alcoholic potassium hydroxide forming amongst 
other products a considerable proportion of «-ketoglutaric acid. 
The reaction probably involves the transposition of the cyclic double 
bond followed by ring fission, and may be formulated as follows : 

ay Z¢'CO,H ; C-CO,H ' CO-CO,H 

"ae "aan CH, COM 

(IX.) (XIX.) (XVIIL.) 

Plainly, therefore, whilst the whole quantity of the keto-acid 
obtained from the products of the hydrolyses by sodium carbonate 
is to be regarded as representing the extent to which hydroxylation 
occurred in these instances, the same inference cannot be drawn in 
connexion with the experiments in which methyl-alcoholic potassium 
hydroxide was employed, since a considerable proportion of the 
ketoglutaric acid produced in these cases must have been formed by 
the fission of the cyclopropene derivative (XTX). 

A second substance formed by the hydrolytic decomposition of 
the cyclopropenedicarboxylic acid (IX) was succinic acid (XXI), 
which was always present in small amount in the products obtained 
when methyl-alcoholic potassium hydroxide was used. Obviously 
this acid must be formed by the fission of the cyclopropenedicarb- 
oxylic acid without previous migration of the double bond, aconic 
acid (XX) being intermediately produced : 

-CO,H H,-CO,H cou 4 CHsC0e 

aso ~ cuo-da-co,n > PCO: + oH,.cot 
(IX.) (XX.) (XXL) 


It is necessary now to refer to a reaction of a totally distinc! 
type, a reaction, moreover, which appears to constitute a notable 
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addition to the evidence already adduced that the abnormalities 
which characterise the transformations described in this paper are 
to be traced to the “ semi-aromatic ”’ character of the glutaconic 
acid derivatives employed. The final product of the change referred 
to is pyromellitic acid (X XIV), which has previously been obtained 
by Feist (Ber., 1911, 44, 135) from ethyl «8-dibromoglutarate, and 
inour experiments sometimes formed as much as 30 per cent. of the 
identified material (Tables I and III, pp. 2011, 2012). Now there 
is, of course, no difficulty in formulating the production of the 
dihydro-derivative (XXII) of pyromellitic acid (which obviously 
must be regarded as the primary product) from two molecules of 
the unsaturated modification of «-bromoglutaconic acid : 
00,H-CHBr-CH-CH-CO,H _. CO,H-CH-CH:C-CO,H 
00,H-CH:CH-CHBr-CO,H CO,H-C:CH—CH-CO,H | 
(VIII.) (XXIL.) 
CO,H/ YCO,H 
CO,H\ Joo 
(X XIV.) 

There are, however, many difficulties attending this interpretation. 
It is not clear, for instance, why not even a trace of pyromellitic 
acid is formed when «y-dibromoglutaric acid is treated with alkalis 
under similar experimental conditions. If, however, the conception 
of limited 1 : 3-unsaturation, well grounded, as we believe, in the 
cases of glutaconic and 8-methylglutaconic acids (Ingold and Thorpe, 
loc, cit.; Thorpe, loc. cit.), be extended to the «-bromo-derivative, 
then the formation of the aromatic acid appears to follow as an 
almost necessary corollary : 


CH, 


CO,H-CBr CH-CO,H CH, 


COH-C” NC-CO,H 
CO,H*C\_/C-CO,H 
CH, 


CO,HCH = CBr-CO,H 
\cu,” 
(X.) (XXIIL.) 
CO,H/ \co,H 


CO,H\ Ost 
(XXIV.) 

It may be remarked that this instance of the entrance of a “ semi- 
‘romatic * glutaconic acid derivative into the production of a larger 
ing is in some respects the counterpart of the formation of glutaconic 
‘ster (along with cyclopropane derivatives) by the elimination of 
utrogen from ethyl pyrazole-3 : 5-dicarboxylate (Biichner, Ber., 
1890, 23, 703; Annalen, 1893, 273, 238) : 
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CH, cH, 


CO,Et’-CH CH-CO,Et + N, 


and that together these reactions indicate the degree of stability of 
the condition of partial association in which the “ free ”’ valencies 
of glutaconic acid are involved. 

Finally, it is necessary to trace the history of the two atoms of 
hydrogen eliminated from the dihydropyromellitic acid (XXIII), 
and a reference to the tables (pp. 2011, 2012) will make it apparent 
that they are accounted for, at any rate largely, by the formation 
of reduction products, namely the cis- and trans-forms of cyclo- 
propane-1 : 2-dicarboxylic acid (XXV) and glutaric acid (XXVI). 
One or both modifications of the former, evidently arising by 
reduction of the cyclopropenedicarboxylic acid (IX), were obtained 
from the products of all experiments in which the cyclopropene- 
dicarboxylic acid itself was isolated. Glutaric acid, on the other 
hand, was obtained only in small amount in those experiments 
in which «$-dibromoglutaric acid was employed and in which, 
therefore, glutaconic acid was one of the substances formed. 

CH-CO,H spy — CH,’CO,H 
CHa y.00,H CHS cH-CO,H 
(XXV.) (XXVL) 

The relationships between the various substances obtained by 
alkaline hydrolysis of «8-dibromoglutaric acid and «-bromoglutaconie 
acid (or ester) are summarised for convenience in the following 
diagram : 

CO,H-CHBr-CHBr’CH,°C0,H 
| (XL) | 
Y Y 
00,H-CH(OH)-CH(OH)-OH,00,H | co.8-dBr-CH,-CH-CO,H 
wig 7 
0,H-OH-CH,-OH-CO,H y 
x vies 0-00,H 


CO,H’CH,’CH(OH)-CH,*CO,H CO,H-CO-CH,°CH,’CO,H <- OH< | 
: ; a ‘vr _ iia \CH-CO,H 
(XVII) (IX.) COsH-O. 


0O,H-CH,-CH,-CH,-CO,H / 9HC0 4H CH,°CO,H 


(XXVI.) av | 
‘CH:CO,H CHO:*CH:CO,H 
(cis and trans) (XX.) 
(XXYV.) | 


CO,H-OH,CH,CO,H + H-CO,H 
(XXL) 
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With regard to the quantitative aspect of the investigation, it 
must at once be admitted that owing to difficulties of separation 
xarcely more than 60 per cent. at most of the material employed 
yas accounted for as pure products in any single experiment, and 
that for this reason the numbers obtained cannot be considered as 
numerically accurate expressions of the facts. Regarded broadly, 
however, they certainly do admit of some important generalisations. 

The quantities of the various products isolated were as follows :— 


TaBLeE I. 
a8-Dibromoglutaric Ethyl a-bromogluta- 
acid (XIII). conate (XII). 
Dilute alk. Cone. alk. Dilute alk. Conc. alk. 


(2N-aq. (6N-KOH  (2N-aq. (6N-KOH 
Na,CO,). in MeOH). WNa,CO,). in MeOH). 


o8-Dihydroxyglutaric 
acid (XV) 

Glutaconic acid (V) 

§-Hydroxyglutaric 
XIV 


4 
Glutaric acid (XX VI) ... trace (?) 
o-Ketoglutaric d 

(XVIIT) 20 
cycloPropenedicarboxylic 


to 


NOP BEO WES 


oxylic acid (X XV) 
tis-eycloPropanedicarb- 

oxylic acid (XXV) 
Suecinie acid (XXI)_... 
Pyromellitic acid (X XIV) 


Total isolated and 
identified 54 58% 


_ 


From these figures it will be seen that, so far as can be judged 
from the amounts of identified material, the three simultaneous 
modes of decomposition of «$-dibromoglutaric acid occur, under the 
two standard sets of experimental conditions, to the extents in- 
dicated in Table II, from which it is apparent that the formation of 
glutaconic acid is favoured by the use of concentrated alkalis, whilst 


athe production of the hydroxy-acid takes place, as is usual, most 
q@smoothly under conditions of considerable dilution. 


TABLE II. 


a8-Dibromoglutaric acid (XIII). 
Dilute alk, Cone. alk. 
'8-Dihydroxyglutaric acid 9 


utaconic acid and substances derived 
from it 25 


57 66 
per cent. of identified material. 
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Finally, we may group the substances derived from «-bromo. 
glutaconic acid or its ester into three heads according to the primary 
decompositions, hydroxylation, cyclopropene-ring-formation, cyclo. 
hexadiene-ring-formation, from which they are derived, obtaining 
in this way Table III; in reading which it must be remembered that 
for reasons explained on p. 2008 an unknown fraction of the whole 
quantity of «-ketoglutaric acid obtained from experiments in which 
concentrated alkali was used is to be attributed to the decomposition 
of the cyclopropenedicarboxylic acid (IX), and that, since «-keto. 
glutaric acid is also the hydroxylation product of «-bromoglutaconic 
acid, the figures entered represent only an upper limit to the degree 
in which this type of decomposition occurs, whilst, similarly, the 
figures given for cyclopropene ring-formation denote merely a lower 
limit to the extent of its actual occurrence. 


TaB_LeE III. 


a-Bromoglutaconic a-Bromoglutaconic 
acid. ester. 
Dilute alk. Conc. alk. Dilute alk. Cone. alk. 

a-Ketoglutaric acid 67 34 
cycloPropenedicarboxylic 

acid and products (other 

than a-ketoglutaric acid) 

derived from it 20 
Pyromellitic acid 28 13 


per cent. of identified material. 


The similarity between the figures referring to «-bromoglutaconic 
acid and its ester is rendered very obvious in Table ITI, and furnishes 
both a justification of the method adopted in studying the reactions 
of the bromo-acid, and a basis for the conclusion that the carboxyl 
groups probably play no very essential part in the series of changes 
observed. The figures which are not subject to the corrections 
mentioned in the preceding paragraph (that is, those in the first 
and third columns) are in particularly close agreement and by 
contrast with the results obtained in Part I (loc. cit.) constitute the 
grounds for the suggestion made on pp. 2003 and 2009 that the 
formation both of the three-carbon and six-carbon rings is in this 
instance to be attributed to a condition of limited 1 : 3-unsaturation| 
pre-existing in the open-chain substances employed. . 

The investigation of the products derived from muconic acid sj" 
not yet complete and it is proposed to reserve the description of 
these for a future communication. 


ATION 


romo- 
imary 
cyclo. 
aining 
d that 
whole 
which 
sition 
-keto- 
aconic 
degree 
ly, the 
_ lower 


aconic 
rnishes 
rctions 
rboxyl 
hanges 
ections 
e first 
nd by 
ite the 
at the 
in this 


tration | 


acid is 
tion of 


oF UNSATURATED AND CYCLIC COMPOUNDS, ETC. PART II. 2013 


EXPERIMENTAL. 


(A) Halogen Derivatives of Glutaconic Acid. 


The «$-dibromoglutaric acid required for this investigation was 
prepared from glutaconic acid by Verkade’s bromine-vapour 
method (loc. cit.) and was purified by crystallisation from anhydrous 
formic acid. Experiments made with the object of obtaining from 
it e-bromoglutaconic acid by elimination of hydrogen bromide were 
attended only with a limited degree of success, and ultimately the 
dibromoglutaric acid itself was subjected to complete hydrolysis 
by alkalis as described in sections B and C. 

The ethyl «$-dibromoglutarate required for the preparation of 
ethyl «-bromoglutaconate (below) was obtained from ethyl gluta- 
conate as described by Feist (loc. cit.). 


Ethyl «-Bromoglutaconate (XII). 


Slightly more than the theoretical quantity of diethylaniline was 
heated nearly to the boiling point and then quickly mixed with 
ethyl dibromoglutarate. If the materials were quite pure and the 
operation successful, the product was almost colourless and the 
neutral oil obtained from it by washing with dilute hydrochloric 
acid yielded on distillation almost the theoretical amount of ethyl 
«-bromoglutaconate, a colourless oil, b. p. 140—143°/10 mm. 
(Found: C= 40-6; H=4-9; Br= 30-0. C,H,,0,Br requires 
C=40-7; H=4-9; Br = 30-2 per cent.). 

The action of dilute and of concentrated alkalis on this substance 
is described in sections D and E. 


(B) Action of Dilute Alkalis on «8-Dibromoglutaric Acid : Formation 
of «$-Dihydroxyglutaric Acid, Glutaconic Acid, $-Hydroxy- 
glutaric Acid, «-Ketoglutaric Acid, A*-cycloPropene-1| : 2-di- 
carboxylic Acid, trans-cycloPropane-1 : 2-dicarboxylic Acid, and 
Pyromellitic Acid. 


Fifty grams of «8-dibromoglutaric acid (section A) were boiled 
with 500 c.c. of 2N-aqueous sodium carbonate for one and a half 
hours. The solution was then acidified by hydrochloric acid, 
‘vaporated to a thin paste, and extracted exhaustively with ether. 
When no more material could be recovered in this way, the pasty 
residue was dried and ground under cold acetone until only inorganic 
‘alts remained undissolved. 
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Pyromellitic Acid (XXIV). ae 

The pale straw-coloured syrup obtained from the ether extract § fltta 
deposited crystals of pyromellitic acid hydrate on rubbing with §"Y%* 
water. The acid was identified by its melting point (242° for the § 4% 
dihydrate, 273° for the anhydrous acid), by analysis (Found: § Yuiel 
C = 47-2; H=2-3. Cale., C = 47-2; H = 2:3 per cent.), and by | i 
the melting points of its methyl and ethyl esters (141° and 53° gluta 
respectively). Methyl pyromellitate was also isolated from the § {™ 
less volatile fractions of the mixture of esters prepared as described § £@t@ 
on p. 2019. Calc., 


a-Ketoglutaric Acid (XVIII). glutac 


This acid may be isolated from the syrupy mixture either as its 
semicarbazone or phenylhydrazone, but the latter derivative was 
found to be more suitable for the purpose. It was obtained in the] The 
usual manner by means of nhenylhydrazine acetate and hydrolysed fevapo: 
to a-ketoglutaric acid by means of 30 per cent. sulphuric acid. JA*cyc 
The product extracted by ether from the acid solution melted at [were ¢ 
110—112°, and after crystallising from a mixture of acetone and fultima 
benzene, at 113°. It was identified as «-ketoglutaric acid by fidicarb 
analysis (Found: C = 41:3; H=4-1. Cale, C= 41-1; H=41 proper 
per cent.), by the colour developed with aqueous-alcoholic ferric §needle: 
chloride, and by a mixed-melting-point determination with a genuineJH = 3 
specimen (this vol., p. 328). per cer 
The 

a8-Dihydroxyglutaric Acid (XV). mcm 
The residue which remained when the acetone extract was}, ye 


evaporated consisted very largely of «$-dihydroxyglutaric acid, afbcig (b 
considerable quantity of which crystallised on adding dry etherBpotasi, 
containing a trace of acetone. The acid melted at 164° and agreed Biytayi, 
in its properties closely with the description given by Kiliani and 
Loeffler (loc. cit.). 

The syrupy mixture of acids recovered from the aqueous solution 
from which the phenylhydrazone of «-ketoglutaric acid was preti- The 
pitated yielded-a further quantity of «$-dihydroxyglutaric acid xylic 
on mixing with successive quantities of dry ether. It was crystallised} 4 the 


for analysis from a mixture of methyl acetate and dry ether (Found:§ ;, a 
C = 36-7; H= 5-1. Calc., C= 36-6; H = 4-9 per cent.). = 

P, 1 

l quan 

6-Hydroxyglutaric Acid (XIV). Wualitat 

The combined ethereal filtrates from the dihydroxyglutaric acit - Z 


were evaporated, and the residue digested for several hours with 
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ATION 


aqueous cupric acetate. The precipitate obtained in this manner 
was collected, decomposed by aqueous hydrogen sulphide, and the 
filtrate from the copper sulphide evaporated to dryness. The 
crystalline residue was finely powdered, exposed in an evacuated 
or the desiccator for several days, and then triturated with dry ether, 
und : 4 Which easily dissolved about half of it, leaving an insoluble portion 
nd by consisting of a mixture of «$-dihydroxyglutaric acid and $-hydroxy- 
d 53° 4 glutaric acid. These acids were readily separated by crystallising 
1 the§ {om a mixture of ether and methyl acetate, and the $-hydroxy- 
sribed § gutaric acid was identified by analysis (Found : C = 40-7; H = 5:3. 
(ale, C= 40-5; H= 5-4 per cent.), and by conversion into 
glutaconic acid by boiling with alkalis. 


<tract 
with 


as its 
e Was 
in the§ The ethereal washings from the @-hydroxyglutaric acid left on 
olysed fevaporation a cake of crystals consisting chiefly of two acids, 
- acid. fA2-cyclopropene-1 : 2-dicarboxylic acid and glutaconic acid, which 
ted at §were easily separated by crystallising first from ethyl acetate and 
1e and fultimately from a mixture of acetone and benzene, the cyclopropene- 
id by§dicarboxylic acid being the less soluble. When pure, the cyclo- 
= 41 fpropenedicarboxylic acid separated from ethyl acetate in short 

ferric needles, m. p. 184° without decomposition (Found: C = 46-8; 
enuinefH = 3-1; M (dibasic) = 128. C;H,O, requires C = 46-9; H = 3-1 
per cent.; M = 128). 

The acid seemed to possess little tendency to pass into an 
anhydride on treatment with acetyl chloride; however, it instantly 
reduced cold alkaline permanganate and on reduction by hydriodic 
acid and phosphorus yielded trans-cyclopropane-1 : 2-dicarboxylic 
peid (below). On boiling with very concentrated methyl-alcoholic 
potassium hydroxide, it underwent ring-fission, yielding «-keto- 
glutaric acid (compare p. 2019). 


A*-cycloPropene-1 : 2-dicarboxylic Acid (IX). 


ot was 
acid, a 
r ether 
agreed 


ni and 


olution Glutaconic Acid (V). 
3 preci: 
ic acid 
tallised 


Found: 


The more soluble acid accompanying the cyclopropenedicarb- 
xylic acid proved to be glutaconic acid, which, after purification, 
ad the correct melting point (135—136°) and properties. 

In addition there was obtained from the ultimate residues a 
tup, which showed no tendency to crystallise and was too small 
i quantity to be subjected to any kind of systematic separation. 
ualitative tests, however, indicated that glutaconic acid was one 
- the principal constituents, and therefore, in order to obtain an 
rs wit ™ate of the amount present, the crude syrup was digested with 
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acetyl chloride containing 4—5 per cent. of phosphorus trichloride. 
The crude glutaconic anhydride obtained in this manner was 
purified by dissolution in cold dilute sodium hydroxide, pouring the 
solution through a wet filter to remove the suspended oil, and 
regeneration by adding hydrochloric acid, and was finally converted 
into the anilic acid by treatment with aniline. The same anilic 
acid was produced when the crystalline glutaconic acid (above) was 
treated in a similar manner. It melted at 134° and was evidently 
the cis-isomeride (Found: C = 64.4; H= 5-4. Cale., C = 64-4; 
H = 5-4 per cent.), since on heating it yielded the trans-modification 
(m. p. 167°), which was identified by comparison with an authenticf 
specimen. 


trans-cycloPropane-1 : 2-dicarboxylic Acid (XXV). 


The aqueous filtrate from the copper salts was worked up for 
acid products in the usual manner, ether being used as solvent, 
The excess of acetic acid (derived from the copper acetate) having 
been removed in a vacuum over solid potassium hydroxide, the 
syrupy mixture of acids, which had become brown and slightly 
cloudy owing to partial crystallisation, was esterified with methyl 
alcohol (3 parts) and sulphuric acid (2 parts), and the esters preci- 
pitated by adding water were divided into neutral and acidic 
fractions by means of ether and sodium carbonate. The acid esters 
were then re-esterified by the same method and the neutral esters 
obtained in this way combined with the original neutral product 
and distilled under reduced pressure. The main portion of the 
distillate was obtained as a colourless oil, b. p. 125—140°/25 mm., 
but although it was obviously a mixture, the quantity was insufficient 
for separation by fractional distillation to be possible. However, 
from the dark coloured residue in the distilling flask, by treatment 
with methyl alcohol in the presence of charcoal was obtained a 
crystalline substance, m. p. 141°, which was identified as methy! 
pyromellitate by analysis (Found: C = 53-9; H=4-5. Cale. 
C = 54-2; H = 4-5 per cent.), and by hydrolysing it to the free 
acid. 

The more volatile esters, b. p. 125—140°/25 mm., were completely HY 
hydrolysed by boiling with concentrated (20 per cent.) hydrochloric 
acid until no more methyl alcohol was liberated. The syrup 
obtained on evaporation showed little tendency to crystallise, but it 
gave a red coloration with ferric chloride and on further examination 
was proved to contain a considerable amount of «-ketoglutaric acid. 

This was, therefore, removed as completely as possible in the formyy 
of its phenylhydrazone and the remaining acids were recovered ip 
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the usual manner and freed from adhering acetic acid by evaporation 
over potassium hydroxide. In the course of a few weeks the product 
ng. thejg became largely crystalline and was spread on porous plates to drain 
1, and off the remaining syrup, the last traces of which, along with a small 
verted quantity of a crystalline acid (believed to be glutaric acid) were 
anilicg emoved by triturating with warm benzene. The examination of 
e) was the crystalline material was attended with some difficulty, but it 
dentlyg vas ultimately shown to consist of a mixture of A*-cyclopropene- 
 64-4.§1:2-dicarboxylic acid and _ trans-cyclopropane-1 : 2-dicarboxylic 
aid together with at least one other crystalline acid (possibly 
succinic acid), which could not be definitely identified. All three 
substances melted in the neighbourhood of 180° and possessed 
similar solubilities in the usual solvents, and although in preliminary 
experiments the cyclopropene- and cyclopropane-dicarboxylic acids 
were obtained in the pure condition by fractionally crystallising 
the mixture, it was afterwards found to be a more satisfactory 
method of separation to precipitate the copper salt of the cyclo- 
propenedicarboxylic acid in the presence of 5—10 per cent. of 
acetone and recover the cyclopropanedicarboxylic acid from the 
filtrate. After purification by crystallising from water, the acid 
melted at 175° and was identified by direct comparison with a known 
specimen as trans-cyclopropane-1 : 2-dicarboxylic acid (Found: 
(=462; H=48. Calce., C = 46-1; H = 4-6 per cent.). 

The yields of the seven acids obtained in this experiment are 
given in Table I. 
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(C) Action of Concentrated Alkalis on «8-Dibromoglutaric Acid : 


a Formation of «$-Dihydroxyglutaric Acid, Glutaconic Acid, 
. 18 8-Hydroxyglutaric Acid, Glutaric Acid, «-Ketoglutaric Acid, 

ficient ‘ ‘ emma 

vai eycloPropenedicarboxylic Acid, cis- and trans-cycloPropane- 

nial dicarboxylic Acid, Succinic Acid, and Pyromellitic Acid. 


ned ag ifty grams of «8-dibromoglutaric acid (section A) were added 
nethyl™# Tapidly as possible to 310 c.c. of a boiling 6N-methyl-alcoholic 
Cale., lution of potassium hydroxide. When the violence of the reaction 
e freed subsided, the product was heated for thirty minutes, evaporated 
ith water, and then rendered acid by means of concentrated 
jletely #Ydrochloric acid. The acid products were extracted by ether and 
hloric Hetone as in the preceding experiment, but in this instance almost 
syrup he whole of the material passed into the ethereal extract, and the 
but it #etone solution yielded only a very small amount of «$-dihydroxy- 
nation #taric acid and some unidentified gummy material. 
acid. A considerable quantity of pyromellitic acid crystallised from the 
. form ereal extract on rubbing with a little water, and from the syrupy 
red inf@sidue «-ketoglutaric acid, «$-dihydroxyglutaric acid, 6-hydroxy- 
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glutaric acid, glutaconic acid, and cyclopropenedicarboxylic acid 
were separated by a series of processes closely similar to that 
already described up to the stage at which the unresolved residue 
was esterified with methyl alcohol. By this means the last trace 
of pyromellitic acid was removed in the form of its relatively non. 
volatile methyl ester and the remaining acids were freed from the 
dark coloured impurities which had been formed in the original 
reaction and had concentrated in the course of the separation. The 
colourless syrup obtained on hydrolysing the distilled methy| 
esters by hydrochloric acid was treated, in the first place, with 
phenylhydrazine acetate, whereby a certain quantity of «-keto. 
glutaric acid was precipitated as its phenylhydrazone, and then, 
after removing the excess of phenylhydrazine, with cupric acetate, 
the solution being concentrated suitably in order to render the 
precipitation of the copper salt of cyclopropenedicarboxylic acid as 
complete as possible. It was found necessary also to boil the suspen. 
sion in order to lessen the co-precipitation of other substances, 
Ultimately, the filtrate was worked up for the acids present, which 
were obtained, finally, in a concentrated solution in acetic acid 
(derived from the copper and phenylhydrazine acetates). This 
solution was boiled for two hours with three times its volume of 
acetyl chloride and the product evaporated in a vacuum over 
potassium hydroxide. The partly crystalline residue was dissolved 
in ether and quickly washed with cold dilute sodium hydrogen 
carbonate solution. The aqueous layer, on acidification, yielded 
trans-cyclopropane-1 : 2-dicarboxylic acid, but the ethereal solution, 
on evaporation, left a colourless syrup, which, however, on boiling 
and finally evaporating with water, gave a wholly crystalline product 
weighing about 1 gram. 


cis-cycloPropane-1 : 2-dicarboxylic Acid (XXYV). 


The crystalline mixture of acids had no definite melting point and 
was therefore fractionally extracted with dry ether until a sparingly 
soluble residue, m. p. 136—138°, was obtained. This was crystallised 
for analysis from a mixture of ethyl acetate and benzene and was 
identified as cis-cyclopropane-1 :2-dicarboxylic acid (Found: 
C=459; H=4-7. Cale, C=461; H=4-6 per cent.) by 
comparison with a known specimen of this substance and by con- 
version into its anhydride (m. p. 59°). 


Succinic Acid (XX1). 


The acids extracted by boiling ether were recovered by evaporatiol 
of the solvent and extracted by means of hot benzene. The insoluble 
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portion melted indefinitely between 165° and 180°, but after one 
aystallisation from water it melted quite sharply at 184° and was 
identified as succinic acid by comparison with a genuine specimen 
(Found : C = 40:3; H= 5:1. Cale., C = 40-7; Ii = 5:1 per cent.). 


Glutaric Acid (XXVI). 


The material extracted by boiling benzene consisted essentially 
of glutaric acid. In the crude condition, it melted at 88—93°, but 
after it had been crystallised several times from benzene the melting 
point rose to 94—95°. Identity was established by a mixed- 
melting-point determination with a genuine specimen of glutaric 
acid, and by analysis (Found: C= 45-1; H=6-4. Cale., C= 
4545; H = 6-1 per cent.). 

The yields are indicated in Table I. 


(D) Action of Dilute Alkalis on Ethyl «-Bromoglutaconate : Forma- 
tion of «-Ketoglutaric Acid, cycloPropenedicarboxylic Acid, 
trans-cycloPropanedicarboxylic Acid, and Pyromellitic Acid. 


Twenty-five grams of ethyl «-bromoglutaconate (section A) were 
boiled for twenty hours with 4-5 equivalents of 2N-aqueous sodium 
carbonate. The homogeneous solution was then acidified, saturated 
with ammonium sulphate, and extracted repeatedly with ether. 
The syrupy product deposited only a small amount of crystalline 
material and was therefore esterified with methyl alcohol as described 
on p. 2016. The major portion of the methyl esters having been 
distilled at 120—140°/21 mm., there remained a crystalline residue 
which was easily purified and identified as methyl pyromellitate. 
The distillate, on hydrolysis by means of hydrochloric acid, yielded 
a clear, pale yellow syrup, the principal constituent of which was 
found to be «-ketoglutaric acid, which was isolated as usual as its 
phenylhydrazone. The remaining acids were then treated with 
copper acetate in concentrated aqueous solution in order to preci- 
pitate the copper salt of cyclopropenedicarboxylic acid and then 
extracted from the filtrate and treated with acetyl chloride as 
described on p. 2018, the unchanged acids being separated from the 
anhydrides by shaking for a few moments with ice-cold dilute 
sodium hydrogen carbonate. No pure substance was isolated 
from the anhydrides, but the principal constituent of the unchanged 
acids proved to be trans-cyclopropane-1 : 2-dicarboxylic acid, which 
was readily obtained in the crystalline condition by saturating a 
concentrated aqueous solution with gaseous hydrogen chloride. 


The yields were as stated in Table I. 
VOL. CXIX. 3Z 


2020 THE CONDITIONS OF FORMATION, ETC. PART III. 


(E) Action of Concentrated Alkalis on Ethyl «-Bromoglutaconate : 
Formation of «-Ketoglutaric Acid, cycloPropenedicarboxylic 
Acid, cis- and trans-cycloPropanedicarborylic Acid, Succinic 
Acid, and Pyromellitic Acid. 


Thirty grams of ethyl «-bromoglutaconate (section A) were 
heated to 100°, and run in a thin stream into 150 c.c. of a boiling 
6N-methyl-alcoholic solution of potassium hydroxide. The mixture 
was boiled for thirty minutes and then evaporated several times with 
water. The residue was acidified with concentrated hydrochloric 
acid and the organic acids were extracted with pure ether. 

The product, after keeping for a few days, deposited a considerable 
quantity of pyromellitic acid, and on adding a small amount of 
water a further quantity separated. This was collected and the 
residual brown syrup esterified with methyl alcohol, and the esters 
distilled and then rehydrolysed as in the preceding experiments. 
a-Ketoglutaric acid, cyclopropenedicarboxylic acid, and trans-cyclo- 
propanedicarboxylic acid were then isolated and obtained in the 
pure condition exactly as described in the last experiment (section D). 
The anhydrides corresponding with those which in that instance 
yielded no recognisable product, in this case gave on rehydration a 
syrupy mixture of acids, which, in the course of a few months, 
deposited a relatively considerable quantity of crystals. These 
were found to consist of approximately equal quantities of cis- 
cyclopropane-1 : 2-dicarboxylic acid and succinic acid, which, after 
the syrup had been removed by draining on porous porcelain and 
washing with hot benzene, were easily separated by means of dry 
ether as described on p. 2018. 

The yields of the various acids isolated are given in Table I, 
column 4. 


(F) Action of Concentrated Alkalis on A?-cycloPropene-1 : 2-di- 
carboxylic Acid * ; Formation of «-Ketoglutaric Acid. 


The cyclopropenedicarboxylic acid was boiled with 6N-methyl- 
alcoholic potassium hydroxide under conditions closely resembling 
those employed in the experiments already described (sections D 
and E). The product was worked up for acids in the usual manner 


* This experiment might be regarded as evidence against the constitution 
proposed for this acid, and it must be confessed that the position of the 
double bond has not yet been satisfactorily established. From the point of 
view of the present investigation, however, it matters nothing whether the 
double bond has or has not passed to the A!-position, and the question has 
therefore been left over for future examination. 
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and the «-ketoglutaric acid separated in the form of its pheny!l- 
hydrazone. 


We are much indebted to Prof. J. F. Thorpe for his interest in 
this investigation and to the Chemical Society for a grant which has 
greatly facilitated it. 


IMPERIAL COLLEGE OF SCIENCE AND TECHNOLOGY, 
SoutH KeEnsineTon, 8.W.7. (Received, September 6th, 1921.] 


CCX XXII.—Studies in the Dihydronaphthalene Series. 
Part II. The ar-Dihydro-a-naphthols and their 
Derivatives. 


By Freprrick Maurice Rowe and EstuHer Levin. 


Our investigations of the hydrogenation of «-naphthylamine (T., 
1918, 113, 955; J. Soc. Dyers and Col., 1919, 35, 128; J. Soe. 
Chem. Ind., 1920, 39, 24lr; T., 1920, 117, 1574) have shown 
that the base is converted into ar-tetrahydro-«-naphthylamine by 
the action of sodium and amy] alcohol, but that when the reduc- 
tion is effected under suitable conditions with sodium and ethyl 
alcohol in the presence of an inert solvent of high boiling point, 
such as solvent naphtha or toluene, the intermediate 5 : 8-dihydro- 
a-naphthylamine only is obtained. The latter is isomerised by 
the action of sodium ethoxide at a suitable temperature and con- 
centration to 5: 6(or 7 : 8)-dihydro-«-naphthylamine, a compound 
which differs from its isomeride in that it may be converted into 
the tetrahydro-derivative by the action of sodium and cthyl 
alcohol. 

In the case of «-naphthol also the action of sodium and amy] 
alcohol leads to the formation of the ar-tetrahydro-derivative 
(Bamberger and Bordt, Ber., 1890, 23, 215; Jacobson and Turnbull, 
ibid., 1898, 31, 897). The ar-dihydro-«-naphthols corresponding 
with the two ar-dihydro-«-naphthylamines have not been described 
hitherto, and it appeared of interest, therefore, to prepare and 
examine these compounds. 

In the first place, attempts were made to prepare these compounds 
by the direct hydrogenation of «-naphthol in a similar manner to 
that used for tHe preparation of the dihydro-«-naphthylamines 


(loc. cit.), with the exception that an increased quantity of sodium 
322 
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was employed on account of the acidic nature of the product. 
The reduction mixture was diluted and distilled in a current of 
steam to remove the volatile solvent. The residue was then acidi- 
fied, distilled in a current of steam, and the distillate examined. 

(a) When «-naphthol, ethyl alcohol, toluene or solvent naphtha, 
and sodium were employed, the distillate contained a product, 
melting at 56°, which proved to be a mixture of 5 : 8-dihydro-c- 
naphthol, and 5: 6(or 7: 8)-dihydro-«-naphthol, together with a 
small quantity of unreduced «-naphthol. 

(b) When «-naphthol, ethyl alcohol, solvent naphtha or toluene, 
and sodium were employed, and the mixture, after all the sodium 
had disappeared, was distilled slowly to remove the volatile solvent, 
and then heated for one hour at 125°, the product proved to be a 
mixture of 5: 6(or 7 : 8)-dihydro-«-naphthol with some unreduced 
a-naphthol. Separation of this mixture was at first effected by 
means of fractional distillation in a current of steam, as the hydro- 
genated naphthol is more volatile than «-naphthol, but later, when 
it was found that the hydrogenated naphthol did not form a picrate, 
it proved more satisfactory to remove the «-naphthol from the 
mixture by conversion into the picrate. 5: 6(or 7 : 8)-Dihydro- 
a-naphthol forms colourless plates or needles, melting at 71°. 

As a result of these experiments it appears that, in the case of 
«-naphthol, it is more difficult to determine conditions suitable for 
the preparation of the 5: 8-dihydro-derivative than is the case 
with «-naphthylamine, for, although the conditions were varied, 
in all cases where hydrogenation occurred, the product was a 
mixture of the two dihydro-«-naphthols, owing to the fact that some 
of the 5 : 8-dihydro-derivative was isomerised during the reaction. 
This is, however, not surprising, for in view of the increased con- 
centration of alkali used in these experiments, it is probable that 
conditions which are favourable for the hydrogenation of «-naphthol 
to its 5 : 8-dihydro-derivative are equally favourable for the isomer- 
sation of this compound to the 5: 6(or 7 : 8)-dihydro-«-naphthol. 

Therefore, whilst the method (b) outlined above was suitable for 
the preparation of 5: 6(or 7 : 8)-dihydro-«-naphthol, the method 
(a) was unsuitable for the preparation of the 5 : 8-derivative, as 
we were unable to separate the mixture of the two dihydro-com- 
pounds formed. 

Attention was next directed to the preparation of the dihydro- 
a-naphthols from the corresponding amines by diazotisation and 
boiling the diazonium compound. 

It is noteworthy that whilst this method gives good results in 
the case of the preparation of ar-tetrahydro-«-naphthol from « 
tetrahydro-«-naphthylamine (Bamberger and Althausse, Ber., 1888, 
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21, 1892), the yields of the dihydro-«-naphthols from the correspond- 
ing dihydro-amines are low, and these compounds are always formed 
together with a considerable proportion of naphthalene. 

5: 8-Dihydro-«z-naphthol forms colourless plates or needles, 
melting at 75°, with a pronounced phenolic odour, whilst 5: 6- 
(or 7 : 8)-dihydro-«-naphthol also forms colourless plates or needles, 
melting at 71°, identical with the product previously described and 
obtained by the direct hydrogenation of «-naphthol and isomerisa- 
tion of the intermediate 5 : 8-dihydro-«-naphthol. 

The following table indicates the behaviour of aqueous solutions 
of «-naphthol, 5: 8-dihydro-«-naphthol, 5: 6(or 7 : 8)-dihydro-«- 
naphthol, and ar-tetrahydro-«-naphthol on the addition of ferric 
chloride and calcium hypochlorite respectively : 


5 : 6(or 7 : 8)- 
5 : 8-Dihydro- Dihydro-  ar-Tetrahydro- 
a-Naphthol. a-naphthol. a-naphthol. a-naphthol. 


Ferric Violet colour A more reddish- Browncolour Yellow colour 
chloride. and precipi- violet colour’ and precipi- and _precipi- 
tate. and precipitate tate. tate. 

which develops 

more slowly 

than is the 

case with 

a-naphthol. 


Calcium i A much redder Faint white 
hypochlorite. colour and precipitate. 
precipitate 
than with 
a-naphthol. 


An important difference in the properties of 5 : 8-dihydro-«- 
naphthol and 5 : 6(or 7 : 8)-dihydro-«-naphthol is shown by their 
behaviour on treatment with sodium and ethyl alcohol, for the 
5: 8-isomeride remains unchanged, whilst the 5 : 6(or 7 : 8)-isomeride 
is converted into ar-tetrahydro-«-naphthol. 

It is clear, therefore, that the course of the reaction in the con- 
version of «-naphthol into ar-tetrahydro-«-naphthol by means of 
sodium and an alcohol is completely analogous to the course of the 
reactions in the hydrogenation of naphthalene and «-naphthylamine 
under similar conditions, and the intermediate dihydro-derivatives 
in each case exhibit a similar behaviour when treated with sodium 
and ethyl alcohol. 

The behaviour of the two dihydro-«-naphthols when sulphonated 
and nitrated under conditions similar to those employed for 
ar-tetrahydro-«-naphthol (loc. cit.) was next examined. When the 
dihydro-x-naphthols are treated with twice their weight of con- 
centrated sulphuric acid for two days at the ordinary temperature, 
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they are converted, for the greater part, into water-soluble pro- 
ducts, although sulphonation is accompanied to a certain extent 
by resinification. The crude sodium salts of the sulphonic acids 
could be isolated from the sulphonation mixtures in the usual 
manner. The sulphonic acids are readily hydrolysed by dilute 
acids with regeneration of the dihydro-«-naphthols. From analogy 
to the monosulphonic acid of ar-tetrahydro-«-naphthol it was to be 
expected that the sulphonic group would enter the para-position 
with respect to the hydroxyl group in the dihydro-«-naphthols, 
and that this was the case is obvious from the behaviour of the 
sulphonic acids on nitration. 

5 : 8-Dihydro-«-naphthol-4-sulphonic acid and 5: 6(or 7: §8)- 
dihydro-«-naphthol-4-sulphonic acid possess similar properties to 
ar-tetrahydro-«-naphthol-4-sulphonic acid, and, for example, in 
alkaline solution do not combine with diazonium compounds to 
form azo-dyes. 

For the nitration experiments it is unnecessary to isolate the 
sulphonic acids, but the diluted sulphonation mixtures were 
nitrated directly, and 2-nitro-5 : 8-dihydro-«-naphthol, yellow 
needles, melting at 98°, volatile with steam, 2-nitro-5 : 6(or 7 : 8)- 
dihydro-«-naphthol, yellow needles, melting at 55°, volatile with 
steam, and 2: 4-dinitro-5 : 8-dihydro-«-naphthol, yellow, prismatic 
needles, melting at 127°, were obtained. 

Both dihydro-«-naphthols exhibited behaviour similar to that 
of ar-tetrahydro-«-naphthol when treated with nitrous acid, and 
yielded 4-nitro-5 : 8-dihydro-«-naphthol, brown needles, melting 
at 161°, and 4-nitro-5 : 6(or 7 : 8)-dihydro-«-naphthol, yellow needles, 
melting at 162°, respectively. 

All attempts to obtain 2: 4-dinitro-5: 6(or 7 : 8)-dihydro-c- 
naphthol either by nitration of the dihydronaphtholsulphonic acid 
with two molecules of nitric acid or by the further nitration of 
4-nitro-5 : 6(or 7 : 8)-dihydro-«-naphthol with nitric acid resulted 
in complete resinification of the compound. 

It should be noted that whereas the nitration of ar-tetrahydro- 
a-naphthol under the conditions described results in almost theo- 
retical yields of the nitro-derivatives in all cases, the dihydro-«- 
naphthols are, on nitration, more readily oxidised under the 
existing conditions, and give extremely low yields of the nitro- 
derivatives. This behaviour is not surprising, however, in view 
of the unsaturated character of the hydrogenated ring in the 
dihydro-«-naphthols. 
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EXPERIMENTAL. 


OH H OH 
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5: 6(or 7 : 8)-Dihydro-«-naphthol nl } ) a ae 
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(1) A mixture of 400 c.c. of dry toluene or solvent naphtha 
(b. p. 139°) and 70 grams of sodium was boiled in a flask fitted with 
a reflux condenser, and a solution of 30 grams of «-naphthol in 
rather more ethyl alcohol than is necessary to dissolve the sodium 
was added drop by drop through the condenser. Boiling was 
continued until all the sodium had disappeared, and the mixture 
was then distilled until the internal temperature rose to 125°, at 
which temperature heating was continued for one hour. The 
mixture was poured into water and distilled in a current of steam 
to remove the remainder of the toluene. The residue was acidified 
with hydrochloric acid and distilled in a current of steam. The 
distillate was saturated with sodium chloride, as the dihydronaph- 
thol is appreciably soluble in water, and the crystalline product 
separated. Any unaltered «-naphthol was removed by conversion 
into its picrate. 

5: 6(or 7: 8)-Dihydro-«-naphthol forms colourless, silky needles 
or plates, melting at 71° (corr.) (Found: C = 82-19; H = 6-79. 
CipH, 90 requires C = 82-19; H = 6-85 per cent.). 

(2) Fifteen grams of 5:6(or 7 : 8)-dihydro-«-naphthylamine 
were stirred into 25 grams of sulphuric acid diluted with 100 c.c. 
of water, and the crystalline paste, cooled to 2°, was diazotised 
with a solution of 7-2 grams of sodium nitrite in 100 c.c. of water. 
The yellowish-red solution was kept for half an hour, warmed 
gently until the evolution of nitrogen ceased, distilled in a current 
of steam, and the distillate saturated with sodium chloride. The 
product, a mixture of 5:6(or 7:8)-dihydro-«-naphthol and 
naphthalene, was extracted with sodium hydroxide, the extract 
was acidified, and the regenerated dihydronaphthol purified by 
distillation in a current of steam. The product was identical with 
that obtained by the direct hydrogenation of «-naphthol (Found : 
C= 81-99; H = 6-66 per cent.). 

ar-Tetrahydro-«-naphthol is readily obtained from 5:6 (or 
7: 8)-dihydro-«-naphthol by the gradual addition of 30 grams of 
sodium to a boiling solution of 10 grams of this dihydro-«-naphthol 
in 400 c.c. of dry ethyl alcohol. The ar-tetrahydro-«-naphthol was 
isolated in the usual manner. 
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This compound was prepared from 5 : 8-dihydro-«-naphthylamine 
in a similar manner to that described for the preceding compound. 
5 : 8-Dihydro-«-naphthol forms colourless plates or needles, melt- 
ing at 75° (Found: C= 81:99; H= 6-92. C,H, 0 requires 
C = 82-19; H = 6-85 per cent.). When heated with a solution of 
sodium ethoxide, it is converted into 5:6 (or 7: 8)-dihydro-c- 
naphthol. 


Sulphonation of 5 : 8-Dihydro-«-naphthol. 


Ten grams of finely powdered 5 : 8-dihydro-«-naphthol having 
been completely dissolved in 20 grams of cold concentrated sul- 
phuric acid, the solution was kept for two days at the ordinary 
temperature, and the mixture was then diluted with water and 
filtered from a trace of unsulphonated 5 : 8-dihydro-«-naphthol. 
The filtrate was neutralised with milk of lime, and the calcium salt, 
after removal of calcium sulphate, was converted into the sodium 
salt and evaporated to dryness. The sodium salt could not be 
obtained in a pure condition for analysis owing to the presence of 
resinous matter. It is very readily soluble in water, and the 
sulphonic group is readily hydrolysed by boiling with dilute 
acids, 5 : 8-dihydro-«-naphthol being regenerated. 5 : 8-Dihydro-z- 
naphthol-4-sulphonic acid, in neutral or alkaline solution, docs not 
couple with diazonium salts to form azo-compounds. 


Sulphonation of 5: 6(or 7 : 8)-Dihydro-«-naphthol. 


This sulphonation was effected in a similar manner to that 
deseribed for the preceding compound. The product, which could 
not be obtained in a sufficiently pure condition for analysis, 
possesses similar properties to those of its isomeride. 


H OH 
‘NO, | 


A\7 
2-Nitro-5 : 8-dihydro-«-naphthol, || | 
\7\4 


Two grams of 5 : 8-dihydro-«-naphthol were dissolved in 4 grams 
of cold concentrated sulphuric acid. The solution was allowed to 
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remain for two days, diluted with 6-5 c.c. of water, cooled in ice 
and nitrated with 0-9 c.c. of nitric acid (d 1-4; 1 mol.) diluted with 
2 c.c. of water. The nitrosulphonic acid did not separate from the 
mixture as did the corresponding compound during the nitration 
of ar-tetrahydro-«-naphthol-4-sulphonic acid under the same 
conditions. The nitrosulphonic acid, therefore, was not isolated 
in this case, but the nitration mixture was boiled with dilute sul- 
phurie acid (1:1) in order to hydrolyse the sulphonic group, and 
then distilled in a current of steam. 2-Nitro-5 : 8-dihydro-«- 
naphthol forms yellow needles, melting at 98°. It is readily volatile 
with steam and possesses a sweet, pleasant odour. It dissolves in 
sodium hydroxide solution with an orange coloration, forms an 
orange-red sodium salt, and couples with diazonium compounds 
forming azo-dyes (Found: C= 62-71; H=480; N= 7-13. 
C,)H,O,N requires C = 62-82; H = 4:71; N = 7-33 per cent.). 


2-Nitro-5 : 6(or 7 : 8)-dihydro-«-naphthol, 


This compound was prepared in the same manner as that 
described for the preceding compound. It forms yellow needles, 
melting at 55°, and possesses similar properties to those of 2-nitro- 
5: 8-dihydro-«-naphthol (Found : C = 62-71; H = 4-84; N = 7-50. 
CiyH,O,N requires C = 62-82; H = 4-71; N = 7-33 per cent.). 


H OH 

. /\/\ 
4.Nitro-5 : 8-dihydro-«-naphthol, || | |. 
‘ No al 

H NO, 

Five grams of 5 : 8-dihydro-«-naphthol were dissolved in sodium 
hydroxide, the solution being diluted with water to 150 c.c. To 
this, an aqueous solution of 3-6 grams of sodium nitrite (2 mols.) 
was added together with 100 grams of ice. Fifty c.c. of 10 per 
cent. sulphuric acid contained in a dropping funnel, the end of 
which dipped below the surface of the liquid, were then slowly run 
into the mixture with constant agitation. The sticky, yellowish- 
White precipitate was collected and washed with cold water. The 
major portion dissolved in sodium carbonate solution, and was 


filtered from a quantity of a tarry residue. From the filtrate, the 
3 2* 
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product was precipitated by dilute acetic acid. 4-Nitro-5:8-. 
dihydro-«-naphthol crystallises from dilute alcohol in brown needles, 
melting at 161° (with decomp.). It is not volatile with steam. It 
dissolves in sodium hydroxide solution with a yellowish-brown 
coloration, and on addition of excess of alkali, the sodium salt 
crystallises in brown needles. 4-Nitro-5 : 8-dihydro-«-naphthol 
does not couple with diazonium compounds (Found: C = 62-79; 
H = 4-78; N=7-15. CyH,O,N requires C = 62-82; H = 4-71; 
N = 7-33 per cent.). 


4-Nitro-5 : 6(or 7 : 8)-dihydro-«-naphthol, 
OH H OH 
H/ ja ‘ 


| ; 
S 
VN, 


This compound was prepared in the same manner as that 
described for the preceding compound. It crystallises from dilute 
alcohol in yellow needles, melting at 162° (with decomp.). Its 
properties are similar to those of 4-nitro-5 : 8-dihydro-«-naphthol 
(Found: C = 62:99; H = 4-75; N=7-15. Cy, gH,O,N requires 
C = 62-82; H = 4-71; N = 7-33 per cent.). 


H OH 


o- , f\/\ao 
2 : 4-Dinitro-5 : 8-dihydro-«-naphthol, || | [| ~? ° 
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Four grams of 5 : 8-dihydro-«-naphthol were dissolved in 8 grams 
of cold concentrated sulphuric acid, the solution was allowed to 
remain for two days, and diluted with 10 c.c. of water. The clear 
liquid was cooled in ice, and nitrated with 4-7 c.c. of nitric acid 
(d 1-4; 2-5 mols.) diluted with 5°5 c.c. of water. After all the nitric 
acid had been added, the mixture was allowed to remain at the 
ordinary temperature for some time. It was then warmed on the 
water-bath at 50° until a semi-crystalline product, insoluble in 
water, had separated. A quantity of resinous impurity was 
removed from the product by careful washing with cold toluene. 

2 : 4-Dinitro-5 : 8-dihydro-«-naphthol crystallises from ether in 
long, yellow, prismatic needles, melting at 127°. It dissolves in 
sodium hydroxide solution with an orange-brown coloration, and 
the sodium salt crystallises from the solution in orange needles 
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(Found: C = 50-75; H = 3-36; N = 11-99. C, 9H,O;N, requires 
C = 50-85; H = 3-39; N = 11-87 per cent.). 
DyeEstuFrrs RESEARCH LABORATORY, 


CoLLEGE oF TECHNOLOGY, MANCHESTER. 
[Received, November 1st, 1921.] 


CCXXXITI.— Researches on Sulphuryl Chloride. Part I. 
Influence of Catalysts: a Convenient Method of 
Chlorinating Benzene. 


By OswaLp SILBERRAD. 


THE present investigation was instituted with the two-fold object 
of devising a convenient method of chlorinating the less reactive 
benzenoid hydrocarbons with sulphury] chloride and also of throwing 
additional light on chlorination generally. Heretofore sulphuryl 
chloride has been little used for the chlorination of such compounds 
owing to the difficulty with which it reacts; thus Dubois (Zetisch. 
Chem. von Beilstein u. Fritz Hubner, 1866, 2, 705) found it neces- 
sary to heat it at 150° in sealed tubes with benzene in order to effect 
chlorination, whilst Téhl and Eberhard (Ber., 1893, 26, 2941) 
found 160—170° necessary. The present investigation has, however, 
shown that in the presence of suitable catalysts this hydrocarbon 
may be chlorinated in a few minutes at the ordinary temperature 
(for details see below, experiments Nos. 6, 7, 8, and 9), and, further, 
that in all cases where rapid chlorination is induced the reaction 
is accompanied by the formation of intensely coloured intermediate 


compounds probably of the type , thus giving inter- 
xX = H 


esting evidence respecting the additive theory of chlorination 
(compare Kekulé, Annalen, 1858, 106, 129; Michael, J. pr. Chem., 
1883, [ii], 37, 486 ; van’t Hoff, ‘‘ Ansichten iiber Organische Chemie,” 
I, 225, 244; Schmidlin and Lange, Ber., 1910, 43, 2806; 1912, 45, 
1899). 

Broadly speaking, the catalysts investigated divide themselves 
into two groups, namely, those dependent on the liberation of free 
chlorine due to the dissociation of the sulphuryl chloride, and those 
the action of which involves the formation of some intensely coloured 
intermediate compound, to which there is every reason to assign 
a structure of the type indicated above (compare H. E. Armstrong, 
P., 1888, 4, 27). 

3 z* 2 
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Of the first group of catalysts investigated, iodine induces chlorin- 
ation to the extent of 17 per cent. on boiling for eight hours ;* 
thionyl chloride 24 per cent. in the same time; sulphur or sulphur 
chloride 37 per cent., and ferric chloride 53 per cent.f The reason 
for this wide difference in velocity becomes evident on considering 
the properties of an admixture of the reacting substances with 
sulphuryl chloride. Iodine acts as a simple carrier dependent on 
the dissociation of sulphuryl chloride for the formation of iodine 
trichloride (compare Ruff, Ber., 1901, 34, 1749). Thionyl chloride 
has been shown to behave as a mixture of sulphur dioxide and 
sulphur tetrachloride under certain conditions (Prinz, Annalen, 
1884, 223, 355); it therefore appears probable that the latter 
compound is the active chlorinating agent in this case and also 
when sulphur or sulphur chloride is present, both of which are 
converted into higher chlorides by excess of sulphuryl chloride 
(Ruff, loc. cit., p. 1750). Ferric chloride acts, not only as a carrier, 
but also, as is often the case with this reagent, in a manner similar 
to aluminium chloride by inducing dissociation of the sulphuryl 
chloride (compare Ruff, Ber., 1902, 35, 4453; Chem. Zeit., 1906, 
30, 1225; Roland, Chem. Zeit., 1906, 30, 1173). 

The second series of catalysts differs materially from those con- 
sidered above in that their action is accompanied by the production 
of much more intensely coloured substances, and also in that they 
induce incomparably more vigorous chlorination. They consist 
of aluminium chloride together with some sulphur compound, the 
simplest case being when sulphuryl chloride itself acts in this 
capacity also. In this connexion it should be observed that the 
action of aluminium chloride on a mixture of sulphuryl chloride 
and benzene under conditions conducive to the Friedel and Crafts 
reaction has already been investigated by Téhl and Eberhard 
(loc. cit.), who, working under these conditions, obtained chiefly 
benzenesulphonyl chloride together with a smaller quantity of 
diphenylsulphone and about 4} per cent. of chlorobenzene; this 
work was subsequently confirmed and elaborated by Béeseken 
(Rec. trav. chim., 1911, 30, 381), who, working under conditions 
even more suited to the Friedel and Crafts reaction, succeeded in 
isolating benzenesulphinic acid as well as the above compounds. 


* Téhl and Eberhard (Ber., 1893, 26, 2941) obtained chlorobenzene by 
heating a mixture of benzene with sulphuryl chloride and iodine at 150° in 
sealed tubes. D.R.-P. 269249, which relates to the chlorination of 3-methy!- 
anthraquinone by means of sulphury] chloride in the presence of nitrobenzene, 
also claims the use of iodine as a catalyst. 

+ Quite recently Durrans made use of ferric chloride in effecting the chlorin- 
ation of triphenyl phosphate, which is not attacked by sulphuryl chloride 
alone (private communication). 
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When, however, sulphuryl chloride is rapidly run into a boiling 
mixture of benzene and aluminium chloride, chlorination occurs 
almost to the exclusion of all other reactions, the yield being about 
90 per cent. of the theoretical, whilst the reacting mass, which at 
first assumes a vandyke-brown hue, subsequently turns to an intense 
violet-brown. This remarkable reaction appears to be traceable 
to the tendency of aluminium chloride to form a double compound 
both with the hydrocarbon and also with the sulphuryl chloride, 
the probable constitution and decomposition of which may well 
be indicated by the following equation : 


a” ee on - 
AlCl, A\—/ \H > AICls-SO, + CgH;Cl + HCI. 
\so,C1 

Additional probability is lent to this suggestion by the fact that 
the reaction becomes vigorous at the same temperature at which 
Ruff observed the compound AICI,:SO, to break up with regeneration 
of the aluminium chloride (Ber., 1902, 35, 4453). The addition of 
thionyl chloride to the above mixture materially reduces the tem- 
perature at which the action takes place, whilst the presence of 
sulphur or sulphur chloride brings about vigorous chlorination in 
the cold, the end product being in this case intensely indigo-blue. 
The constitution of this coloured compound is probably similar 
to that suggested above; the precise nature is, however, still under 
investigation. 


ExPERIMENTAL. 


In order to avoid repetition, the method adopted in investi- 
gating the influence of the various catalysts examined on the 
chlorination of benzene with sulphuryl chloride is here briefly 
set forth in general terms: The required hydrocarbon (156 grams 
of benzene; 2 mols.), together with the catalyst in question, was 
placed in a flask submerged in a water-bath and provided with an 
efficient reflux condenser, the upper portion of which was loosely 
packed with asbestos and connected through a trap with a flask 
containing 10 litres of water in order to absorb the sulphur dioxide 
and hydrochloric acid gas which are copiously evolved during the 
reaction. A 5 per cent. excess of sulphuryl chloride (284 grams) 
was then run in, the water-bath being maintained at such a tem- 
perature that a vigorous reaction occurred, or, in the event of no 
Vigorous action taking place, at the boiling point of the mixture. 
The reaction was allowed to proceed for eight hours, except in such 
cases ¢s it was complete in a shorter time. The product was then 
freed from any remaining sulphuryl chloride by agitation with 
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water, steam-distilled, and the relative degree of chlorination 
ascertained by determining the density of the distillate; from the 
figure thus obtained the composition was calculated on the assump- 
tion that the product consisted of a mixture of chlorobenzene 
together with unaltered benzene, or dichlorobenzene, as the case 
might be: the exact nature of the constituents was subsequently 
established by submitting the steam-distillate to systematic frac- 
tionation and identifying the products isolated in the usual manner. 
Operating in this way, the influence of the following catalysts was 
examined with the following results : 


Experiment No. 1. Catalyst Iodine. 


Reaction.—On mixing the ingredients (benzene, 156 grams; 
sulphuryl chloride, 284 grams; iodine, 5 grams), no reaction occurs ; 
on boiling, the red coloration due to iodine slowly disappears as 
the iodine is converted into the trichloride, and the liquid assumes 
a ruddy brown colour. During the whole experiment a slow, 
steady stream of sulphur dioxide and hydrochloric acid gas is 
evolved: the reaction is evidently not completed by boiling for 
the duration of the experiment, namely, eight hours. 

Yield—On steam distillation an oil (148 grams) having d*” 
0-927 was obtained; this corresponds with a yield of 38 grams of 
chlorobenzene, from which it would appear that iodine induces 
the chlorination of 16-8 per cent. of the benzene in eight hours 
under the above conditions. 

Identification.—10-5 Grams of pure chlorobenzene were isolated 
by fractionation (Found: Cl = 31-22. Cale., Cl = 31-50 per 
cent.). 


Experiment No. 2. Catalyst Thionyl Chloride. 


Reaction.—On mixing the ingredients (benzene, 156 grams; 
thionyl chloride, 5 grams; sulphuryl chloride, 284 grams), no 
reaction occurs; on heating, the liquid, which at first is colour- 
less, rapidly assumes a pink shade, and a slow stream of sulphur 
dioxide and hydrochloric acid gas is evolved; eight hours’ boiling 
fails to complete the reaction. 

Yield—On steam distillation, an oil (163 grams) having d” 
0-945 was obtained; this corresponds with a yield of 54-5 grams of 
chlorobenzene, hence thionyl chloride induces chlorination to the 
extent of 24 per cent. of the benzene in eight hours under the 
above conditions. 

Identification.—Thirty-six grams of pure chlorobenzene were 
isolated on fractionation (Found: Cl = 31-11 per cent.). 
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Experiment No. 3. Catalyst Sulphur. 


Reaction.—On dissolving the sulphur (5 grams) in the benzene 
(156 grams) and adding the sulphuryl chloride (284 grams), no 
action occurred in the cold; on boiling, a slow stream of sulphur 
dioxide and hydrochloric acid gas was evolved and the liquid, which 
in the first instance possessed a pale lemon tint, gradually assumed 
a decided amber yellow. The reaction was not complete at the 
expiration of eight hours’ boiling. 

Yield—On steam distiliation, an oil (166 grams) having d?! 
0-978 was obtained. This corresponds with a yield of 83 grams 
of chlorobenzene, hence sulphur under the above conditions induces 
chlorination to the extent of 37 per cent. of the benzene used in 
eight hours. 

Identification.—Fifty-one grams of pure chlorobenzene were 
isolated by fractionation (Found: Cl = 31-13 per cent.). 


Experiment No. 4. Catalyst Sulphur Chloride. 


Reaction.—On mixing the ingredients together (benzene, 156 
grams; sulphuryl chloride, 284 grams; sulphur chloride, 5 grams), 
there was no action in the cold; on boiling, a slow, steady evolution 
of sulphur dioxide and hydrochloric acid gas occurred, and the 
liquid, which at first was pale lemon-yellow, developed a clear 
amber colour. The reaction was not complete after eight hours 
boiling. 

Yield—On steam distillation, an oil (160 grams) having d?!° 
0-985 was obtained. This corresponds with a yield of 84 grams 
of chlorobenzene, hence sulphur chloride under the above conditions 
induces chlorination to the extent of 37 per cent. of the benzene 
used in eight hours. 

Identification. —Fifty-four grams of pure chlorobenzene were 
isolated by fractionation (Found: Cl = 31-28 per cent.). 


Experiment No. 5. Catalyst Ferric Chloride. 


Reaction —On mixing the ingredients (benzene, 156 grams; 
sulphuryl chloride, 284 grams; anhydrous ferric chloride, 5 grams), 
no reaction occurred in the cold; on boiling, a stream of sulphur 
dioxide and hydrochloric acid gas was evolved; the reaction was 
evidently not completed at the expiration of eight hours at the 
boiling point of the mixture. During the operation the product 
turned through amber yellow to a ruddy brown. 

Yield——On steam distillation, an oil (174 grams) having d?™* 
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1-024 was obtained; this corresponds with a yield of 119 grams of 
chlorobenzene, from which it would appear that ferric chloride 
induces chlorination to the extent of 53 per cent. of the benzene 
in eight hours under the above conditions. 

Identification.—Ninety grams of pure chlorobenzene were isolated 
on fractionation (Found: Cl = 31-36 per cent.), also 2 grams of 
p-dichlorobenzene, m. p. 53°. 


Experiment No. 6. Catalyst Aluminium Chloride (Anhydrous). 


Ingredients —Benzene, 156 grams; sulphury] chloride, 284 grams; 
anhydrous aluminium chloride, 5 grams. 

Reaction.—The benzene and aluminium chloride were mixed, a 
few c.c. of sulphuryl chloride added, and the temperature of the 
bath raised until the slight reaction which started in the cold became 
vigorous—this occurred at 60—70°, at which temperature the re- 
mainder of the sulphury! chloride was rapidly added. During the 
operation, which occupied forty-five minutes and was accompanied 
by the copious evolution of sulphur dioxide and hydrochloric acid 
gas, the mixture, which on the first addition of sulphuryl chloride 
assumed a deep vandyke-brown colour, passed through black to 
intense violet-brown, the precise shade of which varied considerably 
when benzene containing thiophen or traces of toluene was used. 

Yield.—On steam distillation, an oil (200 grams) having d*” 
1-105 was obtained; this corresponds with 199 grams of chioro- 
benzene, or a yield amounting to 89 per cent. of the theoretical. 

Identification —One hundred and eighty-one grams of pure 
chlorobenzene were isolated on fractionation (Found: Cl = 31-48 
per cent.). 


Experiment No. 7. Catalyst Aluminium Chloride and Thionyl 
Chloride. 


Ingredients.—Benzene, 156 grams; sulphury] chloride, 284 grams; 
aluminium chloride, 5 grams; thionyl chloride, 1 gram. 

Reaction —On adding the thionyl chloride to the benzene and 
aluminium chloride, which had been previously mixed, the liquid 
turned dark brown and, on adding the sulphuryl chloride to this 
mixture, a fairly vigorous reaction set in at the ordinary tem- 
perature; the operation was completed by warming at 80° and 
occupied in all forty-five minutes, the final product being intensely 
violet-brown. The reaction was considerably more vigorous than 
when aluminium chloride alone formed the catalyst (No. 6). 

Yield—On steam distillation, an oil (200 grams) having d“ 
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1-121 was obtained: this corresponds with 186 grams of chloro- 
benzene and 14 grams of dichlorobenzene, from which it would 
appear that 83 per cent. of the available chlorine had passed into 
the hydrocarbon. 

Identification —One hundred and fifty-two grams of pure chloro- 
benzene were isolated on fractionation (Found: Cl = 31-62 per 
cent.), also 5 grams of p-dichlorobenzene, m. p. 53°. 


Experiment No. 8. Catalyst Aluminium Chloride and Sulphur. 


Ingredients.—Benzene, 156 grams; sulphuryl chloride, 284 grams ; 
aluminium chloride, 5 grams; sulphur, 1 gram. 

Reaction.—The sulphur was dissolved in the benzene, the alu- 
minium chloride added, and a few c.c. of sulphury! chloride run in; 
the temperature of the bath was then raised until the slight reaction 
which started in the cold became vigorous, which occurred at about 
40°, at which temperature the remainder of the sulphuryl chloride 
was added. The whole operation occupied fifty-five minutes, 
during which time the liquid assumed first a vandyke-brown colour, 
then black, and finally pure indigo-blue. In carrying out this 
operation, it is important that the sulphur be completely in solu- 
tion before starting, as otherwise the reaction may be delayed in 
starting and subsequently become uncontrollable. 

Yield—On steam distillation, an oil (187 grams) having d?!° 
1:156 was obtained; this corresponds with 143 grams of chloro- 
benzene and 44 grams of dichlorobenzene, from which it would 
appear that 89 per cent. of the available chlorine has passed into 
the hydrocarbon. 

Identification —One hundred and twenty grams of pure chloro- 
benzene were obtained by fractionation (Found: Cl = 31-55 per 
cent.), also 15 grams of p-dichlorobenzene, m. p. 53°. 


Experiment No. 9. Catalyst Aluminium Chloride and Sulphur 
Chloride. 


Ingredients—Benzene, 156 grams; sulphuryl chloride, 284 grams ; 
aluminium chloride, 5 grams; sulphur chloride, 1 gram. 

Reaction —On adding the sulphur chloride to the mixture of 
benzene and aluminium chloride, the liquid turned deep green, 
which changed to bluish-black as soon as the sulphuryl chloride 
was added, and so vigorous a reaction set in that the temperature 
of the surrounding bath, which at the beginning of the experiment 
Stood at 20°, rose 10° during the addition of this compound. 
The reaction was complete in thirty minutes, the product being 
intensely blue, 
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Yield——On steam distillation, an oil (183 grams) having d*” 
1-137 was obtained; this corresponds with a yield of 156 grams of 
chlorobenzene and 27 grams of dichlorobenzene, from which it 
would appear that 87 per cent. of the available chlorine has passed 
into the hydrocarbon. 

Identification —One hundred and thirty grams of pure chloro- 
benzene were isolated by fractionation (Found : Cl= 31-82 per 
cent.), also 7 grams of p-dichlorobenzene, m. p. 53°. 


The author’s thanks are due to Messrs. A. Boake, Roberts and 
Co., Ltd., for supplying the sulphuryl chloride required for this 
investigation. 


Tue SILBERRAD RESEARCH LABORATORIES, 
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CCXXXIV.—The Adsorption of Thorium-B and 
Thorium-C by Ferrie Hydroxide. 


By Joun ARNOLD CRANSTON and ROBERT ALEXANDER BURNETT. 


Ir has been found by McCoy and Viol (Phil. Mag., 1913, [vi], 25, 
340) that “ ferric iron precipitated by fumaric acid from a boiling, 
nearly neutral solution of thorium-B and thorium-C carries down 
all the -C and only a small part of the -B.” By redissolving the 
precipitated iron with the radioactive matter adsorbed and repeating 
the process, it is claimed that thorium-C can be obtained in which 
no thorium-B can be detected after the decay of the former. This 
process is recommended by these authors as a method of separating 
thorium-C in a state of radioactive purity. 

In view of the number of recent publications on the determina- 
tion of acidity in weakly acid solutions, and the marked influence 
of the hydrogen ion on many reactions, it seemed desirable to 
investigate more closely this adsorption effect. Careful measure- 
ments have been made of the acidity of the solutions used, and of 
the ratio in which thorium-B and thorium-C were adsorbed, with 
a view to determine whether any connexion exists between these 
two factors. 

The ratio of thorium-B to thorium-C is readily determined from 
the form of the decay curve. Pure thorium-C decays with the 
period of half change 1 hour, giving out «-rays; pure thorium-B 
shows no initial «-activity, but develops an activity that rises to 4 
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maximum in 3% hours and then decays with the period of half 
change 10-6 hours. In a mixture of thorium-B and thorium-C, 
the amount of -C is proportional to the initial activity, whilst the 
amount of -B originally present can be calculated from the residual 
activity after the decay of the original thorium-C, that is, after 
about six hours. ‘ 

In the following experiments the activities were measured 
throughout in the «-ray electroscope and the ratio of thorium-B 
to -C calculated from the form of the decay curve. The acid used 
was hydrochloric, a stock solution being diluted to the various 
strengths required. With a dilute solution of ferric chloride, 
about 2 grams per litre, it was found that in acid solution hydrolysis 
took place with precipitation of ferric hydroxide under the following 
conditions : 


Volume of hydrochloric acid used 

Maximum normality of the acid 

Volume of N/10-fumaric acid solution, or 
sodium fumarate 

Volume of standard ferric chloride 


When the whole was raised to boiling, hydrolysis was complete 
in a few minutes. 

In the first series of experiments the active deposit of thorium-B 
and thorium-C, obtained in the usual way by exposing a negatively 
charged plate to thorium hydroxide, was dissolved in 15 c.c. of 
hydrochloric acid each time, the strength of the acid being varied. 
Solutions of sodium fumarate and ferric chloride were added in 
the quantities stated above, and the whole boiled to precipitate 
theiron. The precipitate was washed, quickly dried, and the activity 
on the filter-paper determined for several hours. The actual decay 
curves obtained are shown in Fig. 1 along with the dotted curves 
(a) and (b), which are the theoretical curves for pure thorium-C and 
for the equilibrium mixture respectively. The scale of activities 
is so chosen that the initial activity in each case is 100. The results 
are tabulated below in a somewhat different form, the acidity being 
expressed as normality of hydrochloric acid used and the ratio 
given as atoms of thorium-B per atom of thorium-C. In the 
original active deposit, where the two members were present in 
radioactive equilibrium, this ratio had the value 10-6. 


Normality of acid 0-029 «©0014 = (0-007)——s(0004—Ss«0008 
Atomic ratio, Th-B/Th-C 17-7 18°3 33°7 377 


From these figures it is apparent that, in the most strongly acid 
solution, thorium-C is adsorbed in considerable excess of the equi- 
librium ratio, and the decay curve (No. 1) is not very different 
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from that of pure thorium-C. But as the acidity is decreased the 
relative amount of thorium-B increases, until from the most weakly 
acid solution thorium-B is adsorbed in large excess, and the decay 
curve shows a maximum activity characteristic of thorium-B. 

It was recognised, however, that in thesé experiments the nor- 
mality of the acid as given represents the total hydrochloric acid 
added, but does not represent the concentration of hydrogen ion 
after the precipitation. Part of the hydrochloric acid would act 


Fig. 1. 
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on the sodium fumarate to liberate free fumaric acid which, as an 
organic dibasic acid, would be only slightly ionised. The actual 
concentration of hydrogen ion would thus be lower than is indicated 
by the normality. Another and opposing factor is the hydrochloric 
acid liberated in the solution by the hydrolysis of the ferric chloride. 
The precipitate of iron contained about 6—10 mg. of ferric oxide, 
and the amount of hydrochloric acid liberated may readily be 
calculated as follows : 

One gram-molecule, that is, 160 grams, of ferric oxide liberates 


eo ah 
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six equivalents of hydrochloric acid. If these equivalents are 
present in 25 c.c., the normality is raised by 240. Thus 10 mg. of 
ferric oxide raise the normality by 0-015N. This amount is very 
appreciable in view of the low acidities used. 

A second series of experiments was accordingly undertaken in 
which the actual concentration of hydrogen ion was measured in 
place of the normality of the hydrochloric acid. The active deposit 
was dissolved as before in hydrochloric acid of varying strength, 
fumaric acid and ferric chloride were added, and the iron was 
precipitated by boiling. The filtrate from each experiment was 
collected and the concentration of hydrogen ion in it determined 
by the hydrogen cell. The final acidity thus measured is a complex 
quantity, being the sum of three factors—the hydrochloric acid 
used, the fumaric acid added, and the hydrochloric acid liberated 
by the hydrolysis of the ferric chloride. It is therefore not strictly 
comparable with the figures in the previous table, which refer only 
to the normality of the hydrochloric acid used. Indeed, when 
the active deposit is removed from the plate by simply warming 
in ferric chloride solution without the addition of any acid, the 
resulting filtrate is distinctly acid. To reach lower acidities it is 
necessary to add dilute alkali to the ferric chloride, and care has 
to be taken to avoid local precipitation of ferric hydroxide during 
the addition. 


The results of this series of experiments are given in the following 
table, and the decay curves obtained are shown in Fig. 2. 


Final hydrion con- 


centration in grams 
per litre 00085 0:0068 0°:0063 0:0055 0°0049 0:0046 0°0037 


Atomic ratio, Th-B/ 
Th-C 2°25 8=3°8 78 8§©10°6 13-9 16:9 


The same transition from excess of the C-member to excess of 
the B-member is again evident, and Fig. 3 shows graphically the 
increase of the ratio Th-B/Th-C with diminishing acidity. The 
flat portions of the graph can be prolonged at either end, and 
experimental points have been obtained corresponding with higher 
and lower acidities than those shown. As the middle part of the 
graph is the most interesting, it only has been shown on a larger 
scale than would otherwise be possible. The top portion of this 
graph is the more difficult to realise experimentally, and in order 
to control better the lower acidities, an attempt was made to use 
the buffer mixtures of hydrochloric acid and sodium acetate given 
by Walpole (T., 1914, 105, 2501, 2521). The active deposit was 
dissolved in a mixture of hydrochloric acid and sodium acetate 
having a known hydrion concentration, and ferric chloride added 
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so as to precipitate basic ferric acetate as adsorbent. Unfortunately, 
with the low concentration of acetic anion in these mixtures and 
the small quantity of iron permissible as adsorbent, it was not 
found possible to precipitate basic ferric acetate at an acidity 
greater than [H*] = 10°. At this very low acidity thorium-B was 
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adsorbed in large excess. At the lower end, the curve is limited 
by the strength of acid in which ferric hydroxide can be formed by 
hydrolysis. In no experiment was pure thorium-C adsorbed, the 
nearest approach to it being a mixture for which the atomic ratio 
Th-B/Th-C was 0-4. It should be noted that even when thorium-B 
and thorium-C are present in equal quantity, the decay curve for 
the mixture differs from that of pure thorium-C only very slightly 
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during the first three hours, and only after four hours does the 
difference due to the thorium-B become really appreciable. 

It is worth while comparing the graph of Fig. 3 with that published 
by von Hevesy (Phil. Mag., 1912, [vi], 23, 628) in his investigation 
of the electrochemical properties of thorium-B and thorium-C, in 
which he deposited both these elements on metallic electrodes at 
varying potentials. By dipping a noble metal in a solution of one 
of its salts, for example, silver in silver nitrate, a positive potential 
was obtained; similarly by dipping such a metal as magnesium or 
zine in a solution of its sulphate the electrode took up a negative 
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potential towards the solution. At a positive potential thorium-C 
was deposited on the electrode almost pure, whilst at a sufficiently 
negative potential thorium-B was deposited in large excess; at 
intermediate potentials the two members were deposited in varying 
ratios, the proportion of thorium-C diminishing as the potential 
became more negative, and at — 0-6 volt against the calomel 
electrode the two were deposited in radioactive equilibrium. The 
graph showing the ratio of thorium-B to thorium-C as ordinate 
and the electrode potential as abscissa has the same general form 
as that of Fig. 3, and both curves show an inflexion at the point 
corresponding with the radioactive equilibrium. 

The explanation of this similarity between the curves for electro- 
deposition and adsorption probably lies in the application of von 
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so as to precipitate basic ferric acetate as adsorbent. Unfortunately, 
with the low concentration of acetic anion in these mixtures and 
the small quantity of iron permissible as adsorbent, it was not 
found possible to precipitate basic ferric acetate at an acidity 
greater than [H*] = 10°. At this very low acidity thorium-B was 
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adsorbed in large excess. At the lower end, the curve is limited 
by the strength of acid in which ferric hydroxide can be formed by 
hydrolysis. In no experiment was pure thorium-C adsorbed, the 
nearest approach to it being a mixture for which the atomic ratio 
Th-B/Th-C was 0-4. It should be noted that even when thorium-B 
and thorium-C are present in equal quantity, the decay curve for 
the mixture differs from that of pure thorium-C only very slightly 
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during the first three hours, and only after four hours does the 
difference due to the thorium-B become really appreciable. 

It is worth while comparing the graph of Fig. 3 with that published 
by von Hevesy (Phil. Mag., 1912, [vi], 23, 628) in his investigation 
of the electrochemical properties of thorium-B and thorium-C, in 
which he deposited both these elements on metallic electrodes at 
varying potentials. By dipping a noble metal in a solution of one 
of its salts, for example, silver in silver nitrate, a positive potential 
was obtained; similarly by dipping such a metal as magnesium or 
zine in a solution of its sulphate the electrode took up a negative 
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potential towards the solution.. At a positive potential thorium-C 
was deposited on the electrode almost pure, whilst at a sufficiently 
negative potential thorium-B was deposited in large excess; at 
intermediate potentials the two members were deposited in varying 
ratios, the proportion of thorium-C diminishing as the potential 
became more negative, and at — 0-6 volt against the calomel 
electrode the two were deposited in radioactive equilibrium. The 
graph showing the ratio of thorium-B to thorium-C as ordinate 
and the electrode potential as abscissa has the same general form 
as that of Fig. 3, and both curves show an inflexion at the point 
corresponding with the radioactive equilibrium. 

The explanation of this similarity between the curves for electro- 
deposition and adsorption probably lies in the application of von 
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Lerch’s rule, that the successive products in a disintegration series 
become more “ noble,” and in the fact that thorium-B and thorium. 
C are known to exist both as colloids and ions. Thorium-B exists 
as a negatively charged colloid and thorium-C as a mixture of 
negative and positive colloid, the amount of positive decreasing 
with the acidity of the solution. In very weakly acid solution 
both exist mainly as negative colloids. As the acidity gradually 
increases, it is suggested that thorium-B, as the less noble element, 
with the greater tendency to form positive ions, passes first into 
the ionic state, while thorium-C remains colloidal. Hence, in the 
most acid solutions, thorium-C is adsorbed almost pure by the 
positively charged ferric hydroxide, but as the acidity diminishes 
and thorium-B passes into the colloidal state, the latter is adsorbed 
in increasing ratio and finally in excess of the equilibrium ratio. 
This reasoning also explains why thorium-B cannot be adsorbed 
in the same high degree of purity as thorium-C, for in weak acid 
that part of the thorium-C which is present as negative colloid is 
adsorbed along with the thorium-B. 

To test the validity of this colloidal theory a third series of 
experiments was undertaken in which colloidal ferric hydroxide was 
used. The active deposit was dissolved as before in 25 c.c. of 
hydrochloric acid, the strength of which was gradually diminished 
in successive experiments. Below about N/10,000-acid it is not 
possible to dilute hydrochloric acid with accuracy, and for these 
low acidities hydrochloric acid was replaced by mixtures of potass- 
ium dihydrogen phosphate and disodium hydrogen phosphate, 
for which the hydrogen-ion concentration is accurately known (see 
Prideaux, “Theory and Use of Indicators’’). To the solution of 
the active deposit was added 1 c.c. of ferric hydroxide hydrosol 
(dialysed free from hydrochloric acid) and the iron was precipitated 
by addition of a drop of sodium sulphate solution. The pre- 
cipitated iron carried down thorium-B and thorium-C in varying 
proportions, the relative amount of thorium-B increasing as before 
with diminishing acidity. The results are shown in the following 
table. The acidity of the solutions is given for convenience in the 
form of log [H*]; thus, for N/100-acid, log [H*] = — 2. 


—log [H 


The variation of the ratio of thorium-B to -C is shown in Fig. 4; 
the acid end of the curve is limited, of course, by the strength of 
the acid in which ferric hydroxide can be precipitated. Although 
not identical with the curve of Fig. 3, this graph shows the same 
general shape, with a well-defined transition from excess of the 
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(-member to excess of the B-, and has the same inflexion at the 
point of radioactive equilibrium. 

These results obtained with colloidal iron appear to bear out 
the colloidal hypothesis previously outlined. Although the con- 
centration of the radioactive matter is insufficient to coagulate the 
colloidal iron, once this coagulation is effected by addition of a 
suitable electrolyte the positively charged iron adsorbs that part 
of the radioactive matter which exists as negative colloid, the 
electric charges neutralising one other. The inflexion pointed out 
by von Hevesy and noted again in Figs. 3 and 4 is not so easily 
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explained. Why should these curves, relating to different phe- 
nomena, both show an inflexion at the same point, and that the 
point corresponding with the radioactive’ equilibrium? One is 
tempted to look for some connexion between the electrical and 
colloidal properties of these elements and their atomic stabilities 
as expressed by their equilibrium ratio. 

Further experiments are being carried out in order to obtain 
more data on this point. 


Summary. 


1. It has been shown that ferric hydroxide adsorbs thorium-B 
and thorium-C in proportions varying regularly with the acidity 
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of the solution. The method is suitable for separating pure 
thorium-C only if the acidity is kept above a certain limit. 

2. The variation of the ratio of thorium-B and thorium-C is 
continuous, so that the effect seems to be true adsorption and 
not the formation of a chemical compound between the active 
matter and the iron. 

3. A colloidal theory has been suggested to explain the experi- 
mental results; it involves the passage of the radioactive matter 
from the ionic to the colloidal state, the change being governed 
by the acidity of the solution. 

4. A parallelism has been pointed out between the results reported 
here and those of von Hevesy for electrode deposition of the same 
elements. From this parallelism some evidence has been obtained 
that suggests a connexion between the atomic stabilities of thorium- 
B and thorium-C and their electrochemical properties. 


Tue Royat TECHNICAL COLLEGE, 
GLascow. (Received, October 10th, 1921.] 


CCXXXV.—Metallic Derivatives of Nitrophenolic Com- 


pounds. Part II. Some Nitrotolyloxides of Metals 
of Group II. 


By Dorotny Gopparp and ArcHIBALD Epwin GODDARD. 


In the present communication, a study has been made of the 
salts derived from the 1 : 2: 3-,1:3:4-,1:4:3-, and 1:3: 6-nitro- 
cresols, together with some compounds of dinitro-o-cresol. By 
comparing these with the alkaline-earth nitrophenoxides (Goddard, 
this vol., p. 1161), the change in solubility and in colour due to 
the influence of the methyl group is dealt with, and since the 
thalliumdialkyl nitrotolyloxides (Goddard, this vol., p. 1310) 
resemble the alkali compounds, they have also been alluded to in 
tracing similarities in solubility. All the substances now described 
were made by treating the nitrocresols in aqueous solution with 
the hydroxides or carbonates of the metals. The following hydrated 
barium salts have now been isolated: the 3-nitro-o-tolyloxide 
(+2H,0); the 4-nitro-m-tolyloxide (+ 1H,O); the 6-nitro- 
m-tolyloxide (+ 6H,O), together with their anhydrous salts and 
the anhydrous 3-nitro-p-tolyloxide. The anhydrous salts were 
obtained by heating the hydrated forms at temperatures ranging 
from 120—160°. In the three cases, where the nitro- and hydroxy! 
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groups are in the ortho-position to one another, the deepest colour 
is observed, this reaching a maximum in the compound having 
CH,: OH: NO, = 1:2:3. The difference, however, in colour 
between the compounds containing these groups in positions 
1:3:4 and 1:4:3 is not so marked as in the corresponding 
thalliumdialkyl compounds, and all the salts are darker than 
barium o-nitrophenoxide. 

Although the last-named salt has never been obtained with 
water of crystallisation, it is noticeable that two of the above salts 
have water of hydration, which may be associated in some way 
with the presence of the methyl group. Barium 3-nitro-o-tolyl- 
oxide is the most soluble of the three compounds, and more so 
than barium o-nitrophenoxide, but it is much more insoluble 
than the thalliumdialkyl derivatives. The 6-nitro-m-tolyloxide 
having its nitro- and hydroxyl groups in the para-position is com- 
parable with barium p-nitrophenoxide, and it has almost the same 
solubility in organic solvents. 

In the case of the strontium salts, the following were obtained : 
the 3-nitro-o-tolyloxide (+ 2H,0O); the 4-nitro-m-tolyloxide 
(+4H,O); the 3-nitro-p-tolyloxide (+ 4H,O), and their corres- 
ponding anhydrous derivatives, also the anhydrous 6-nitro-m- 
tolyloxide. A noticeable feature of the strontium salts is the 
differently coloured solutions they give when heated with the 
various solvents, this not being so marked with the barium and 
calcium compounds. They are more soluble in ethyl acetate 
than the barium salts, and the greatest solubility is again shown 
by the derivative of 1:2: 3-nitrocresol. When the nitro- and 
hydroxyl-groups in these compounds are in the ortho-position, 
their colour shows much more of the red and less of the yellow 
than strontium o-nitrophenoxide, and the yellow of the 1:3:6 
salts is deeper than that of strontium p-nitrophenoxide. 

In dealing with nitrophenoxides, it was shown that the calcium 
compounds usually contain more water of crystallisation than those 
of barium or strontium, but this has not been found to prevail in 
the present case. The undermentioned and their anhydrous 
derivatives are now described: the 3-nitro-o-tolyloxide (+ 2H,0); 
the 4-nitro-m-tolyloxide (+ 3H,O); the 3-nitro-p-tolyloxide 
(+1H,O); and the 6-nitro-m-tolyloxide (+ 2H,O). The an- 
hydrous compounds of the first three are differentiated from the 
barium and strontium analogues by their greater solubility in 
alcohol, but the 4-nitro-m-tolyloxide is decidedly the most in- 
soluble in organic solvents. The 6-nitro-compound resembles very 
closely calcium p-nitrophenoxide, being insoluble in most organic 
media, 
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Only two magnesium hydrates and their anhydrous salts have 
been investigated, namely: the 4-nitro-m-tolyloxide (+ 4H,0) 
and the 3-nitro-p-tolyloxide (+ 3H,O). These are the most 
soluble compounds yet described, and their corresponding nitro- 
phenoxides are at present under investigation. Their colour 
tends more towards orange than is the case with the barium, 
strontium, and calcium salts. Staedel (Annalen, 1883, 217, 159) 
describes barium dinitro-o-tolyloxide (+ 3H,O), and Cazeneuve 
(Bull. Soc. chim., 1897, [iii], 17, 204) a barium salt (-+- 2H,O) and 
also a calcium derivative (-+- 1H,O) (Compt. rend., 1897, 124, 1130), 
but no investigator seems to have described the strontium salt. 
It has now been obtained along with its hydrate (+ 6H,O), and 
is much more soluble than the mononitro-compound and is orange 
in colour. 

Passing to the second vertical series of group II, the colours 
change from brilliant orange in the magnesium dinitrotolyloxide, 
through orange-yellow of the zinc salt to brilliant yellow in the 
cadmium salt. This points to the colour change being due to 
the metal itself, and not to any acquisition of a quinonoid structure. 
The following hydrates and their anhydrous derivatives have 
now been obtained: magnesium dinitro-o-tolyloxide (-+- 3H,Q); 
the zinc and cadmium salts containing (-+- 2H,O) and (+ 6H,0) 


respectively. Their solubility in organic solvents increases with 
increasing molecular weight. The solubilities of all compounds 
have been tested in alcohol, ether, acetone, chloroform, carbon 
tetrachloride, toluene, light petroleum, ethyl acetate, and pyridine. 


EXPERIMENTAL. 


Derivatives of 3-Nitro-o-cresol.—C,,H,,0,N,Ba,2H,O, bright red 
needles, which darken in toluene, carbon tetrachloride, or chloro- 
form [Found : N = 5-88 (5-84)*; Ba = 28-70 (28-72); H,O = 7-62 
(7-54) per cent.]. C,,H,,O,N,Ba, deep red [Found: N = 6:36 
(6-33); Ba = 31-10 (31-07) per cent.]. C,,H,0O,N,Sr,2H,9, 
orange-red needles, which become deep red in pyridine or alcohol 
and darken in acetone or ethyl acetate [Found : Sr = 20-93 (20-45); 
H,O = 8-47 (8-41) per cent.]. C,,H,,0O,N,Sr, brownish-red 
[Found: Sr = 22-87 (22-33) per cent.]. C,,H,.0,N,Ca,2H,0, 
slender, orange-yellow needles becoming red in chloroform, carbon 
tetrachloride, or toluene [Found: N = 7-21 (7-36); Ca = 10-57 
(10-52); H,O = 9-54 (9-46) per cent.]. C,,H,.0,N,Ca, red 
[Found : N = 7-97 (8-12); Ca = 11-69 (11-62) per cent.]. 

Derivatives of 4-Nitro-m-cresol.—C,,H,,0,N,Ba,1H,0, red needles 


* The figures in the brackets denote the theoretical percentages. 
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(Found: N=6-08 (6-08); Ba = 29-71 (29-85); H,O = 3-82 
(3-91) per cent.]. C,,H,,0,N,Ba, deeper red [Found: N = 6°33 
(6-33); Ba = 30°89 (31-07) per cent.]. C,,H,.0,N,Sr,4H,0, 
shining, rhomboidal, orange plates, becoming red in carbon tetra- 
chloride or chloroform [Found : Sr = 19-20 (18-86); H,O = 15-63 
(15-51) per cent.]. C,,H,.0,N,Sr, dark red [Found: Sr = 22-76 
(22-33) per cent.]. C,,H,,0,N,Ca,3H,O, golden-yellow needles 
darkening in toluene or ethyl acetate [Found: N = 7-04 (7-02); 
Ca = 10-83 (10-04); H,O = 12-76 (13-55) per cent.]. C,,H,,0,N.Ca, 
deep yellow [Found : N = 8-07 (8-12) per cent.]. 
C,,H).0,N.Mg,4H,0, 

pale orange [Found: Mg = 6-03 (6-06); H,O = 17-84 (17-96) 
per cent.]. C,,H,.O,N.Mg, pale orange [Found: Mg = 7:33 
(7-41) per cent. ]. 

Derivatives of 6-Nitro-m-cresol.—C,,H,.0,N,Ba,6H,O, bright 
yellow plates, which become deep yellow in carbon tetrachloride, 
chloroform, or light petroleum [Found: N= 4-93 (4-92); 
Ba = 24-97 (24-12); H,O = 19-78 (22-49) per cent.]. 

Cy,H,0,N,Ba, 
golden-yellow [Found: N= 6-14 (6-33); Ba= 31-10 (31-07) 
per cent.]. C,,H,.O,N,Sr, bright yellow granules [Found : 
Sr = 22-28 (22-33) per cent.]. C,,H,.0,N,Ca,2H,O, bright yellow 
granules, which become deep yellow in toluene [Found : Ca = 10-40 
(10-52); H,O = 9-64 (9-46) per cent.]. C,,H,,O,N,Ca, deep 
yellow [Found : Ca = 11-50 (11-62) per cent. ]. 

Derivatives of 3-Nitro-p-cresol—C,,H,,0,N,Ba, red shining plates 
(Found: N= 6-34 (6:33); Ba = 31-27 (31-07) per cent.]. 
C,,H,,0,N,Sr,4H,O, scarlet plates, which become deep red in 
toluene or chloroform and darken in carbon tetrachloride or light 
petroleum [Found: N=6-12 (6-03); Sr= 19-17 (18-86); 
H,O = 15-21 (15-51) per cent.]. C,,H,,0,N,Sr, deep red [Found : 
N = 7-39 (7-14); Sr = 22-61 (22-33) per cent.]. 

* C,,H,,.0,N,Ca,1H,0, 
slender, orange-yellow needles, becoming yellow in chloroform and 
red in toluene [Found: N = 7-79 (7-72); Ca = 11-07 (11-04); 
H,O = 4-64 (4:97) per cent.]. C,,H,,0,N,Ca, red [Found : 
N = 8-16 (8-12); Ca = 11-61 (11-62) per cent.]. 

C,,H,.0,N.Mg,3H,0, 

flat, orange needles, which become red in toluene [Found : N = 7-23 
(7:32); Mg =6-77 (6:35); H,O= 14-08 (14-07) per cent.]. 
C,,H,,0,N.Mg, red [Found: N = 8-42 (8-51); Mg = 7-39 (7-41) 
per cent. ]. 

Derivatives of Dinitro-o-cresol.—C,,H, 90, )N,Sr,6H,O, _ brilliant 
yellow needles, becoming orange in ether or chloroform and darken- 
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ing in toluene [Found: N = 9-56 (9-49); Sr = 14-67 (14-84); 
H,O = 17-82 (18-31) per cent.]. C,,H,.0,)N,Sr, deep orange 
[Found : N = 11-70 (11-61); Sr = 17-90 (18-17) per cent.]. 
Cy4H90;oN,Mg,3H,0, 
golden-yellow needles, becoming orange in carbon tetrachloride 
or toluene [Found: Mg = 5-11 (5-14); H,O = 11-65 (11-42) per 
cent.]. C,,H,,0,>N,Mg, brilliant orange [Found: Mg = 5-78 
(5°81) per cent.]. C,H ,90,)9N,Zn,2H,O, orange-yellow granules 
[Found: N = 11-42 (11-29); Zn = 13-55 (13-17); H,O = 7-29 
(7-26) per cent.J. C,H, 90,9N,Zn, orange-yellow [Found: 
N = 12-30 (12-18); Zn = 14-60 (14-21) per cent.]. 
C1 4H 190 i9N,Cd,6H,0, 
brilliant yellow plates, becoming orange in toluene or chloroform 
[Found: Cd = 18-30 (18-27); H,O = 17-82 (17-57) per cent.]. 
C,,H,,0,;)N,Cd, orange yellow [Found: Cd = 21-75 (22-16) per 
cent. ]. 


THE UNTVERsITy, 
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CCXXXVI.—The Reaction between Persulphates and 
Silver. 


By Georrrey IsHeRwoop Hicson. 


Tue action of solutions of persulphates on metallic silver was 
first noticed by Marshall (J. Soc. Chem. Ind., 1897, 16, 396), who 
found that the silver gradually went into solution and that at 
the same time a black deposit was’ formed, which he considered 
was a peroxide, AgO. The reaction was further investigated by 
Levi, Migliorini, and Ercolini (Gazzetta, 1908, 38, i, 583), who 
noticed that acid was produced and put forward the equations : 

(1) 2Ag + K,S8,0, + H,O — Ag,O + K,SO, + H,SO, 

(2) Ag,O + H,SO, —> Ag,SO, + H,O 
as representing the course of the reaction. The solution might 
thus remain neutral or become acid, according to the relative 
velocities of the reactions (1) and (2). By the action of persulphates 
upon silver nitrate solution, Marshall (Proc. Roy. Soc. Edin., 1900, 
23, 168) obtained a similar black precipitate, which he considered 
was the same peroxide, but Austin (T., 1911, 99, 262) concluded, 
on account of its high sulphate content, that it was a mixture 
of silver peroxide and silver persulphate, whilst Tarugi (Gazzetta, 
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1902, 32, ii, 383) considered it to be the silver salt of Caro’s acid, 
namely, Ag,SO;. 

There is some doubt as to the composition of silver peroxides, 
which are usually obtained, mixed or combined with salts, as 
anodic deposits in the electrolysis of solutions of silver salts in a 
divided cell. For example, by the use of silver nitrate solution 
a black, crystalline powder of metallic appearance is obtained 
(Ritter, Gehlen’s neues J., 1804, 3, 561), which, on washing, imme- 
diately commences losing oxygen, silver nitrate being set free and 
passing into solution. The undecomposed crystals have the em- 
pirical formula Ag,O0,,N (Sule, Zeitsch. anorg. Chem., 1896, 12, 
89; Tanatar, ibid., 1901, 28, 331) and later work has shown that 
they are very probably a double compound corresponding with 
the formula AgNO,,2Ag,0, (Babarovsky and Kuzma, Zeitsch. 
physikal. Chem., 1909, 67, 48; Brown, J. Physical Chem., 1916, 
20, 680). Since oxygen is lost during the washing, the original 
peroxide may, however, contain a higher proportion of oxygen; 
on the other hand, from the anodic decomposition curves of both 
nitrate and sulphate solutions, Bose (Zeitsch. anorg. Chem., 1905, 
44, 237) concluded that the oxide was Ag,O,. 

In opposition to the view that these substances are double 
compounds of a peroxide of silver and ordinary silver salt—the 
peroxides are never obtained pure by this method—Watson (T., 
1906, 89, 578) concluded that the black silver deposit Ag,0,,N 
was a “ peroxynitrate,” that is, a definite compound, since he 
obtained it under varying conditions. He found that, on boiling, 
the dioxide, Ag,O,, was formed, and he described the properties 
of this and verified its composition. 

In the course of some experiments on the action of persulphates 
on the photographic negative, it was necessary to investigate the 
action of persulphate on silver, both in the metallic and the 
ionic form, and it has been found that sodium or potassium per- 
sulphate solution converts metallic silver into a peroxide containing 
a greater proportion of oxygen than corresponds with the formula 
Ag,0,, whilst the acidity of the solution at the same time increases. 
When a strong (20 per cent.) solution of the sodium salt is used, 
the peroxide can rapidly be obtained in quantity, but owing to 
the much smaller solubility of the potassium salt the reaction with 
this is much slower (for example, eighteen hours) and the yield 
much lower,,for the peroxide is unstable and decomposes con- 
tinuously from the time of its formation. With the ammonium 
salt, no peroxide is formed, but the ammonium radicle is oxidised 
to nitric acid (compare Marshall and Ingliss, Proc. Roy. Soc. Edin., 
1902, 24, 88). When the reaction is continued for more than about 
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one hour, the product is contaminated with sulphate, which is 
always present to a slight extent. 

It has been found that the same peroxide is produced when 
persulphates react with silver nitrate, again with increase in acidity, 
but in this case the contamination with silver sulphate is greater. 

An explanation of this contamination has been found in the 
catalytic decomposition of persulphates by silver ions, previously 
noticed by Marshall in the case of the ammonium salt, whereby 
in the case of the sodium and potassium salts the reaction 

8,0,” + H,O —> 2HSO,’ + O 
is immensely accelerated. The HSO,’ ions thus formed react con- 
tinuously with silver ions, and as these are present in much greater 
quantity when silver nitrate is used, the amount of silver sulphate 
formed is consequently greater in this case. Moreover, the catalytic 
effect increases with increase of concentration of the silver ions, 
and this again tends to produce more contamination when silver 
nitrate is used in the preparation. A possible explanation of this 
catalytic effect is the intermediate formation of silver persulphate, 
which then immediately reacts with the water : 
Ag,S,0, + H,O —> Ag,SO, + 2H* + O + SO,”. 

As might be expected, it has been found that the presence of 
an oxidisable substance, such as gelatin, prevents the formation 
of peroxide, whilst it is itself oxidised; but it does not prevent 
the catalytic decomposition of the persulphate, with formation of 
acid sulphate. The application of this result to the action of 
persulphate as a photographic reducer is obvious, and will be 
discussed in another place. 


EXPERIMENTAL. 


Preparation of the Peroxide from Sodium Persulphate. 


Metallic silver was obtained in the finely divided, crystalline 
form by precipitation from silver nitrate with metallic magnesium 
(compare Dodgson, Phot. Jour., 1911, 54, 265). The excess of 
magnesium was removed with dilute sulphuric acid, and the silver, 
which was of a grey colour, and in the form of crystals about 
0-001 mm. in length, thoroughly washed by decantation. About 
3 grams of this were introduced, wet, into a solution in 100 c.c. of 
water of 20 grams of sodium persulphate. This was the purest 
commercial product, but was considerably contamin4ted with acid 
sulphate, due to decomposition. It was not purified—a difficult 
matter—since acid sulphate is rapidly formed again during the 
reaction. The mixture was then stirred mechanically. It almost 
immediately darkened and after half an hour the grey silver 
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appeared to have been converted into a black powder, whilst at 
the same time the acidity of the mixture increased. It was found 
that the solid consisted of a peroxide, with a considerable amount 
of unconverted silver, which usually persisted after the reaction 
had continued for an hour or more. Since the sulphate content 
rises with increase of time of reaction, the product, when free from 
silver, was contaminated with silver sulphate. It was washed 
with dilute sulphuric acid and water, and obtained as a black, 
metallic-looking powder, which, after drying on a porous tile over 
calcium chloride, lost its metallic appearance and finally resembled 
manganese dioxide. It decomposed continuously from the time 
of its formation, whether wet or dry, losing oxygen and becoming 
alkaline owing to the formation of silver oxide. 

The substance thus obtained exhibits all the properties of the 
dioxide described by Watson; for example, it gives deeply coloured 
solutions with concentrated nitric acid or concentrated sulphuric 
acid, which decompose with loss of colour, gradually at the ordinary 
temperature, and rapidly on heating. It is, as might be expected, 
a strong oxidising agent; for example, it liberates iodine from 
acidified potassium iodide and converts quinol in acid solution 
into p-benzoquinone. 

The same procedure was carried out in 5 per cent. gelatin solution. 
No peroxide was formed, although the silver gradually dissolved 
and the solution became strongly acid. 


Analysis of the Product. 


From numerous analyses it became evident that the more rapidly 
the product was removed from the filter and analysed, the higher 
was the percentage of the available oxygen. Since a period of a 
few minutes is sufficient substantially to alter the amount of oxygen, 
it seems that the analyses by Austin and by Watson (loc. cit.) of 
the dried products are of doubtful value. 

To ascertain, if possible, towards what limit this available oxygen 
tended, experiments were made in which the washing of the product 
was carried out with ice-cold acid and water, in order to retard the 
decomposition. No evolution of gas was apparent under these 
conditions, but the procedure does not avoid decomposition during 
the formation of the peroxide, which cannot conveniently be 
carried out at 0° owing to the slowness of reaction at this temperature. 

The analyses were made according to the method of Babarovsky 
and Kuzma (loc. cit.), the product being thrown wet into a known 
quantity of N/10-oxalic acid and an excess of 2N-sulphuric acid, 
and rapidly stirred to promote reaction with the oxalic acid, which 
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was oxidised to carbon dioxide. Solution was completed by heating 
to boiling and the excess of oxalic acid estimated by titration with 
permanganate. The slight excess of this was then removed by 
oxalic acid, and after cooling, the silver estimated by Volhard’s 
thiocyanate method. 

Results of Analyses.—The ratio is that of atoms of total oxygen 
to atoms of silver, that is, it would be 1 for Ag,O,, and 1-33 for 
Ag,0,. 


Time of keeping. 
Preparation. (days). Conditions. Ratio. 
No. 62 6 Exposed to air. O'777 
- Kept over CaCl,. 0°735 
11 ” 2 ” 0°718 


No. 63 Taken wet from the 

filter. 1°047 
1:044 
»” ” ” 1-033 
Kept over CaCl). 0°965 
No. 66 Washed at 0° and taken 1°245 
wet from the filter. 1-251 
1-185 

No. 70 1°29 

1:29 


” ” 9 


These results show that the undecomposed peroxide contains 
more oxygen than corresponds with the formula Ag,O,, but on 
no occasion was quite sufficient oxygen obtained to justify the 
formula Ag,O,. 


Mechanism of the Reaction. 


The explanation of Levi, Migliorini, and Ercolini, that the increase 
of acidity is due to the formation of sulphuric acid and undissolved 
silver oxide simultaneously, is obviously unsatisfactory; the 
acidity must arise from the decomposition of water during the 
reaction, the oxygen going to form the silver peroxide, while the 
hydrogen gives acid sulphate : 

8,0,” + H,O —> 2HSO,’ + O. 
It should therefore be possible to trace the course of the reaction 
by determining the ratio between the increase of acidity and the 
quantity of silver converted into peroxide. Unfortunately, oxygen 
is invariably evolved during the reaction, either from actual decom- 
position of peroxide already formed, or directly from the reaction 
between the persulphate and water, this reaction being, as will 
be shown below, catalysed by silver ions, and this method is useless. 
If the peroxide has the formula Ag,O,, the reaction must be of the 
form 
3Ag + 48,0,” + 4H,O —> Ag,0, + 8HSO,’ 
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and the increase of acidity is considerable in comparison with the 
silver dissolved. 

When an oxidisable substance is present, the peroxide apparently 
reacts with this at once, for the silver goes into solution without 
any production of black peroxide; as may easily be demonstrated 
by mixing the persulphate solution with a gelatin solution containing 
colloidal silver. 

This requires a reaction of the form 

2Ag,0, + 8HSO,’ —> 6Ag* + 2HSO,’ + 680,” + 3H,O 
+ 50 (used in oxidation) 
and therefore the complete reaction for the solution of silver in 
persulphate when an oxidisable substance is present must be of 
the form 


6Ag + 88,0,” + 5H,0 —> 6Ag’ + 680,” + 10HSO,’ + 50, 


a reaction considerably more complex than any that has been 
previously proposed, and further complicated by the fact that 
the persulphate ion alone may react directly with the water. 


Preparation of the Peroxide from Silver Nitrate. 


Sodium persulphate, although invariably contaminated with 
acid sulphate, gave much better results than the slightly soluble 
potassium salt used by Austin, since the more dilute solutions 
favoured decomposition. 

Ten grams of silver nitrate dissolved in 10 c.c. of water, and 
8 grams of sodium persulphate in 60 c.c. of water, were cooled to 
0°, and the solutions rapidly mixed, the mixture being kept cold in 
ice. There was an immediate, grey precipitate formed, which was 
collected at once in a Gooch crucible, and on analysis was found 
to consist of almost pure silver sulphate containing only a slight 
trace of available oxygen. The filtrate, on keeping at 0°, com- 
menced to throw down a black precipitate in less than five minutes ; 
after fifteen minutes the precipitation appeared to be complete, 
and the product was collected, washed with ice-cold water, and 
analysed immediately. It was found to contain a large percentage 
of sulphate, but otherwise exhibited all the reactions of the 
peroxide, and appeared to be a mixture of silver peroxide and 
silver sulphate. 


Analysis of the Product. 


The analysis was carried out on two separate portions. In one 
portion the ratio of available oxygen to silver was obtained as 
described above, and in the other portion the ratio of sulphate to 

4a2 
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silver was determined by decomposing the product with hydro. 
chloric acid, removing the silver as chloride, and estimating the 
sulphate in the filtrate as barium sulphate. From these two 
ratios it is possible to calculate the value of x when the formula 
is expressed as Ag,SO,,(AgO,),, that is, the formula of the admixed 
peroxide. 

Preparation No. 79.—The peroxide-sulphate mixture was pre- 
pared at 0° as described above, and washed four times with water 
at 0°. Two determinations were made of the ratio of available 
oxygen to silver, the mean being taken, and one of sulphate to 
silver. Formula calculated: Ag ,SO,,(AgOj.995)1-¢54, that is, the 
product is a mixture of 1 part of silver sulphate with 1-654 parts 
of a peroxide containing slightly less oxygen than corresponds 
with the formula Ag,O,. 

A similar determination of another preparation gave the result 
Ag,SO,,(AgO;.237)3-59, and there seems to be tittle doubt that the 
precipitate is a mixture of peroxide and sulphate. 


Catalysis by Silver Ions of the Decomposition of Persulphates. 


From experiments with mixtures of solutions of silver nitrate 
and of neutral sodium or potassium persulphate it was found 
that the acidity increased continuously from the time of mixing. 
It was therefore obvious that the decomposition of persulphates 
in solution, namely, 8,0,” + H,O—>2HSO,’ + O, is catalysed 
by the silver ions, since this decomposition takes place only very 
slowly at the ordinary temperature with neutral solutions (Green 
and Masson, T., 1910, 97, 2083). The extent of this catalysis was 
determined for potassium persulphate, which is the most con- 
venient salt to obtain pure. 

A N/20-solution of potassium persulphate, with additions of 
silver nitrate, was maintained at 18° and estimations made of the 
acidity of portions removed at known intervals after the addition 
of the silver. To render the acidimetry possible without formation 
of silver oxide, the solution to be tested was run into an amount 
of sodium chloride solution rather greater than that necessary to 
convert all the silver into silver chloride. 

Since the reaction can be only approximately monomolecular 
owing to the side reaction with the silver, the values of 
- ~ tae k, the velocity constant, were found to be somewhat 
—" log, —— - was ell- 
ployed, where ¢, was about five minutes, the constancy was reason- 


log. 


irregular, but when the formula k = ; 
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ably good, errors due to the side reaction being eliminated, as the 
following results for N/250-concentration of silver nitrate indicate. 
Temperature 18°; a, the original concentration of persulphate 
expressed as c.c. of standard alkali, is 24-25. 
x=c.c. of alkali required ne ont eee 
¢ in mins. for neutralisation. =4—6°°8 az 
2 , a 
6 : -_ 
ll ‘ 0-0008 
30 ; 0°0010 
60 “é 0°00086 
90 ‘ 0:00077 
150 . 0°00066 
195 OE 0:00067 
Mean 0°00079 
The results of this and similar experiments are as follows: 
Temperature 18°. Concentration of potassium persulphate = N /20. 
¢ = concentration of silver nitrate. 
C. 3 k/e. 
N/250 0-20 
: 0°21 
0°19 
These results show that the catalysed decomposition of the per- 
sulphate is an approximately monomolecular reaction, and that 
the velocity of decomposition is approximately proportional to the 


concentration of the silver ion. 


The author desires to express his thanks to Dr. Slater Price for 
the interest he has taken in this work, and for his valuable advice 
and criticism. 


THE British PHOTOGRAPHIC RESEARCH 
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CCXXXVII.—Siructure and Colour of the Azine 
Scarlets. 


By Junius Berenp CoHEN and HERBERT GRACE CRABTREE. 


IN connexion with an inquiry into the antiseptic action of certain 
dyestuffs undertaken for the Medical Research Council, it was found 
necessary to examine specimens of Azine Scarlets which resemble 
in structure the yellow dye acriflavine, well known as an antiseptic. 
In Green’s edition of “‘ Organic Colouring Matters ” by Schultz and 
Julius (1904) it is stated on p. 228, under No. 582, that Azine 
Scarlet G (the only one mentioned) is obtained by the action of 
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nitrosodimethylaniline on m-aminodimethyl-p-toluidine, and _ has 
the following formula (I) : 
N 
@ee= AA 
HCl “ ‘NM 
MeN A) Niele oa ae | ~ 
N et Y\y WT 


NH,,HC! 


Me Cl 
Azine Scarlet G. Toluylene Red. 
(According to 8. and J.) 
(I.) (II.) 
According to this formula, Azine Scarlet G appears as the metho- 
chloride of Toluylene Red (If). 

If, however, the preparation is carried out according to the 
directions given under a patent by Meister, Lucius, & Briining, No. 
69188, or if Toluylene Red is converted into the methochloride, 
the same colouring matter is apparently formed; but instead of 
the scarlet dye known commercially as Azine Scarlet G, a substance 
is produced in both cases which has a bright magenta colour. 

In the patent literature on the subject there are several methods 
given for preparing scarlet dyes of the phenazine group. Thus, 
Friedlander (‘‘ Fortschritte der Teerfarbenfabrikation,”’ Vol. IV, p. 
376) mentions a patent, No. 80758 by Meister, Lucius, & Briining 
“for preparing red basic azine dyes” from nitroso-mono- or 
-di-methyl-o-toluidine, nitroso-mono- or -di-ethyl-o-toluidine, and 
m-aminodimethyl-p-toluidine, and in the same volume (p. 380) 
there is a further patent, No. 86608, by the Farbwerke Miihlheim, 
“for preparing scarlet dyes of the safranine group” by heating 
p-aminoazo-compounds with o0-aminodimethyl-p-toluidine. A 
number of these compounds have now been prepared, from which 
it appears that the substitution of methyl and other radicles for 
hydrogen in the amino-group produces a change of tint from scarlet 
to magenta—in other words, the introduction of the heavier 
auxochrome group causes a displacement of tint towards the blue 
end of the spectrum. 

Thus, the following series of aminophenazine salts of the metho- 
chlorides have a scarlet colour : 

N N 
PPS ee ae en 


| | | | 
AAS a i et 


’ i re 
Me Cl Me Cl 
(III.) (IV.) 
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( | N 
\/\A\\ ate 
te in le 

/\ 

Me Cl 

(VI.) 


The following have a bluer tint intermediate between scarlet and 
magenta : 


N 
me ata 


[ | 
MeNH\ Ay Ni 


eS xy 
MeNH\ AYN / Nip 


i f™ 
Me Cl Me Cl 


(VIL.) (VIII.) 


N 
Me’ \7’ YY “te 


H.-NH| 
C;HyNH\ AN /)NH 


LN 
Me Cl 
(IX.) 


Whereas the following three compounds have a magenta or 
bluish-red tint. 


Ae wa 
— CX \ = AV 
é ‘ 


Me 
“ 


CH, 

Ho \’ \7\/\Me 
H,C NH 
\A\AYWVY \4 

NMe N 


NMe, 


Further examples of the shifting of tint towards the blue by the 
Introduction of heavier radicles into the amino-group are illustrated 
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by the dye described under D.R.-P. 89659 by Meister, Lucius, 
& Briining (Friedlander, op. cit., Vol. IV, p. 379), which has 
probably the ar formula (XIII); it dissolves in water with 


N 
Fike wy, Me ( Se Me 
Me,N \ Ay DA / NEC Hy CeHyNH\ AYN Nu 
A i’ | 
Me Cl Me 
(XIII) ping 


a bluish-violet and in alcohol with a reddish-violet colour; and 
by the dyestuff (XIV) described in D.R.-P. 85231 (Friedlander, 
op. cit., Vol. IV, p. 377), which dissolves with a violet colour. 

The same shifting of tint towards the blue is observed in ros- 
aniline and in its methyl and phenyl derivatives, which show a similar 
gradation from magenta to violet and blue by the introduction of 
heavier radicles into the amino-group. 


EXPERIMENTAL. 
3-Amino-7-dimethylamino-2-methylphenazine Methochloride. 


The colouring matter described in Green’s edition of “ Organic 
Colouring Matters’ by Schultz and Julius (1904) as Azine Scarlet 
G (formula X) has been prepared by three methods. (1) One 
method (given by Schultz and Julius) is that described in D.R.-P. 
69188 (Friedlander, op. cit., Vol. ILI, p. 397) by the action of 
nitrosodimethylaniline upon 2.aminodimethyl-p-toluidine according 
to the reaction : 


/\NO “Me 
MegN\ ? MeN JNH, ” Me, ) 


Oh <¢@ ‘ie x.) 
/MeN _ 


(Indamine.) 


It will be seen that in passing from the indamine to the final stage 
a methyl group is eliminated from the dimethylamino-group. 

The 2-aminodimethyl-p-toluidine was obtained by the nitration 
of dimethyl-p-toluidine and subsequent reduction with stannous 
chloride and hydrochloric acid. The latter, recrystallised from 
light petroleum, formed large prisms, m. p. 55°. 

Fifteen parts of the base were dissolved in 100 parts of 50 per 
cent. acetic acid, and 18-6 parts of p-nitrosodimethylaniline hydro- 
chloride added. A transient green coloration due to the formation 
of the intermediate indamine was immediately succeeded, on warm- 


o-oo 


rr 7 
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ing on the water-bath, by a deep blue, which changed to magenta 
after two or three hours’ heating. The whole was diluted with 
200 parts of water, filtered hot, and the colouring matter precipi: 
tated with sodium chloride and zinc chloride. 

(2) The second method consisted in converting Toluylene-red 
into the methochloride. The red dye was prepared according to 
Witt’s method (Ber., 1879, 12, 931) by mixing 3-6 grams of p- 
nitrosodimethylaniline hydrochloride with 2-4 grams of m-tolylene- 
diamine, each dissolved in 50 c.c. of water at 30°, and allowing the 
mixture to stand over-night. The dark green indamine was filtered, 
pressed, dissolved in 100 c.c. of water, and boiled for three hours, 
when a drop on filter-paper gave only a faint blue rim. The 
solution was filtered and the dye salted out. When recrystallised 
from alcohol, it formed a brown, microcrystalline powder. 

The colouring matter was acetylated by heating 5 grams with 
15—20 grams of acetic anhydride and 2—3 grams of fused sodium 
acetate : having been poured into water, the acetyl derivative was 
precipitated with sodium hydroxide, filtered, and crystallised from 
alcohol. It formed brown plates. Two grams of the acetyl deriv- 
ative were dissolved in 5 grams of nitrobenzene heated at 170° 
and 0-9 gram of methyl sulphate was added. The heating was 
continued for a minute and the product cooled. The brownish- 
black solid which separated was filtered, washed with ether, 
dried, and boiled with 10 c.c. of concentrated hydrochloric acid 
for half an hour. A deep blue solution was formed, which was 
poured into water, when the colour changed to bright magenta. 
The methochloride was salted out and formed a semi-solid, irides- 
cent, green mass, which after drying became hard and when 
crystallised from a mixture of benzene and alcohol formed a micro- 
crystalline powder with a dark green lustre (Found: N = 17-0. 
CigHopN,Cl, requires N = 16-5 per cent.). 

The products obtained by the two methods gave identical colour 
reactions with alkalis and acids, as described in the patent (loc. cit.). 

According to the first method, the change from indamine to the 
final stage takes place with the elimination of a methyl group from 
the dimethylamino-group. 

(3) In order to obtain further evidence on this point, a third 
method was adopted for preparing the colouring matter, namely, 
from nitrosodimethylaniline hydrochloride and the 2-aminomono- 
methyl-p-toluidine, in which case hydrogen would be eliminated 
in place of a methyl group. Monomethyl-p-toluidine was prepared 
by Ullmann’s method (Annalen, 1903, 327, 165). One hundred 
and thirty grams of p-toluidine were dissolved in 180 c.c. of ether 


in a flask provided with a reflux condenser, and 99 grams of methyl 
4 a* 
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sulphate were run in during ten minutes. Heat was developed 
and the flask was cooled with water. The methosulphate, 
CH,°C,H,*-NH(CH,),CH,*HSO,, rapidly formed and in a short time 
the contents of the flask became nearly solid. Water was added, 
the ether layer separated, and the aqueous layer further extracted. 
The ether was removed without dehydrating and the crude base 
purified by conversion into the nitroso-derivative and subsequent 
reduction. The crude base was dissolved in 150 c.c. of concen- 
trated hydrochloric acid and 500 c.c. of water, cooled to 0—S’, 
and a solution of 45 grams of sodium nitrite slowly run in. A 
nearly colourless nitrosomethyl-p-toluidine separated and was 
filtered, washed with water, and dried on a porous plate. The 
product (42 grams; m. p. 53°) was dissolved in a minimum quantity 
of alcohol and a solution of 130 grams of stannous chloride in 
200 c.c. of concentrated hydrochloric acid added gradually with 
shaking. After heating on the water-bath for half an hour, the 
whole was made alkaline and distilled in steam. Sodium chloride 
was added to the distillate and the base extracted with ether. The 
ether solution was dehydrated over potassium hydroxide and the 
ether removed. The residue distilled at 200°. The yield was 
16 grams, or 48 per cent. of the theoretical. The nitration of the 
base was carried out as described by Pinnow (Ber., 1895, 28, 3040). 
The yield was theoretical. The substance crystallises in large, red 
prisms, m. p. 59°. The reduction was effected with stannous chloride. 
Thirty-one grams of stannous chloride were dissolved in 50 c.c. 
of concentrated hydrochloric acid and 5 grams of the nitro-base 
added slowly. Rapid reduction and decolorisation of the substance 
took place, after which the mixture was heated for half an hour 
on the water-bath. The solution was then made alkaline and the 
base extracted with ether. The ether extract was dehydrated and 
the ether removed. The 2-aminomonomethyl-p-toluidine remained 
as a pale brown oil, which was used without further purification. 
A mixture of 3-4 grams of the base, 4-6 grams of p-nitrosodimethyl- 
aniline hydrochloride, and 25 grams of 50 per cent. acetic acid 
was heated on the water-bath for three hours until a sample diluted 
with water and dropped on filter-paper gave only the faintest 
suggestion of blue on the rim of the spot. It was then diluted, 
filtered, and the colouring matter salted out with sodium and zine 
chlorides. The product appeared to be identical in every respect 
with those prepared by the two previous methods. 


3-Amino-7-dimethylamino-2 : 8-dimethylphenazine Methochloride. 


The p-dimethylamino-o-toluidine required was obtained by 
coupling dimethyl-o-toluidine with diazotised sulphanilic acid, 4 
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process which is effected exactly as in the preparation of methy]l- 
orange, except that the operation is conducted at room temperature. 
Dimethyl-o-toluidine (1 mol.) is exactly neutralised with hydrochloric 
acid diluted with about four times its weight of water. Sulph- 
anilic acid (1 mol.) is dissolved in an equivalent of sodium carbonate 
solution (15 parts of water to 1 part of sulphanilic acid), and sodium 
nitrite (1 mol.) dissolved in water added, the whole being acidified 
with hydrochloric acid (2-1 mols.). The hydrochloride of the base 
in solution having been added to the diazo-solution, the mixture 
is made slightly alkaline with a few c.c. of sodium hydroxide 
solution and stirred for four hours, when the colouring matter is 
thrown down in orange leaflets. It is filtered, washed with con- 
centrated brine, and dried at 50°. It was reduced by adding to 
the substance dissolved in an excess of boiling hydrochloric acid 
zine dust until completely decolorised. It was then cooled, filtered, 
neutralised with sodium hydroxide, and the base extracted with 
ether. The ether extract was dehydrated with potassium hydroxide 
and the ether removed. A pale brown oil remained which soon 
solidified, and was used without further purification. The same 
substance is described by Bernthsen (Ber., 1892, 25, 3128), who 
obtained it by nitrating o-toluidine, methylating the product, 
and finally reducing the nitro-group, but the above method 
was found to be much more convenient and more easily carried 
out. 

Sixteen parts of p-dimethylamino-o-toluidine and 15 parts of 
6-dimethylamino-m-toluidine were dissolved in 300 parts of water, 
20 parts of concentrated hydrochloric acid, and 30 parts of 50 per 
cent. acetic acid, and cooled to 10° with stirring. Thirty parts of 
sodium dichromate in 400 parts of water were run in during three 
hours. A bluish-red coloration developed immediately and became 
more intense as the oxidising agent was added. The mixture was 
finally warmed on the, water-bath for an hour, filtered, and salted 
out with zine chloride and sodium chloride. The product was 
purified by solution in water, filtration, and reprecipitation with 
salt solution. It could not be recrystallised from alcohol or dilute 
hydrochloric acid. The substance, by analogy with the formation 
of tetramethyldiaminophenazine (p. 2064), has the following 
structure : 


N 
Mo \7V \\ Me 


Me, NH,,HCI (xy, 


"\AV4 


Fi 
Me Cl 
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It dissolves in water with a magenta colour similar to that of 
Toluylene-red methochloride. 
Attempts to a 


N 
Mo \/ Ai, Me \/\/ 


— A sO aaa 


-= 
— AA 


by condensing by the above reaction the pen with m-phenyl- 
ene- and m-tolylene-diamine were unsuccessful. With tolylene- 
diamine, a dark brown coloration rapidly developed and assumed 
a dirty red colour at a later stage, a mass of sticky, dark brown 
crystals being deposited, which could not be purified. 


5-Aminonaphthaphenazine 7-Methochloride (Formula V). 


This substance was prepared according to the method described 
by O. Fischer and Hepp (Ber., 1890, 23, 845) by heating in a sealed 
tube for five to six hours at 160° o-phenylenediamine (1 mol.) and 
benzeneazo-a«-naphthylamine hydrochloride (1 mol.) with 10 parts 
of alcohol. On cooling, dark red crystals separated. They were 
filtered and crystallised from alcohol containing hydrochloric acid. 
The substance obtained in this way is the hydrochloride of amino- 
naphthaphenazine. It forms dark red crystals which are slightly 
soluble in water, but on heating are hydrolysed and the base is 
precipitated. The acetyl derivative was obtained by heating the 
base with acetic anhydride and fused sodium acetate. On cooling, 
the acetyl derivative crystallised. It was heated at 160° with ten 
to twenty times its weight of nitrobenzene and the equivalent of 
1 molecule of methyl sulphate added. On standing, crystals of the 
methosulphate separated. They were filtered, washed with ether, 
and heated with concentrated hydrochloric acid, when the metho- 
chloride slowly crystallised in dull red, microscopic crystals. The 
substance dissolves in water with a bright scarlet colour like the 
hydrochloride, C,,H,,N,Cl,HCl, but is not so readily hydrolysed 
as the latter. 


9-Amino-5-dimethylamino-10-methylnaphthaphenazine 
Hydrochloride. 


The 4-nitrosodimethyl-«-naphthylamine hydrochloride required 
in this preparation is described by Friedlander and Welmans (Ber., 
1888, 21, 3123). The reaction goes smoothly and the yields of 
both base and nitroso-derivative are nearly theoretical. The latter 
is less soluble than the corresponding nitrosodimethylaniline, and 
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therefore it is difficult to isolate the intermediate indamine in 
aqueous solution. 2-3 Grams of nitrosodimethylnaphthylamine 
hydrochloride were dissolved in 20 c.c. of hot glacial acetic acid, 
to the solution 1-2 grams of m-tolylenediamine dissolved in 20 c.c. 
of 50 per cent. acetic acid and 1 c.c. of concentrated hydrochloric 
acid were added, and the mixture was heated on the water-bath for 
four hours. A magenta colour developed rapidly, losing its blue 
tint on continuous heating and becoming more crimson in shade. 
The solution was finally boiled, diluted with 100 c.c. of water, 
filtered, and the hydrochloride of the dye precipitated with brine. 
It was purified by redissolving it in water and reprecipitating with 
brine. A considerable amount of by-product was formed during 
the reaction, which was still more noticeable when m-phenylene- 
diamine was used in place of the tolylenediamine. The colouring 
matter prepared as described is not very soluble in water, but 
dissolves in alcohol. It forms a black, shining powder which 
dissolves in water with a magenta colour similar to that of Toluylene- 
red methochloride. It has probably the following formula : 


9-A mino-5-dimethylamino-10-methylnaphthaphenazine Methochloride. 


The process was conducted as described above, but the m-tolylene- 
diamine was replaced by p-dimethylamino-o-toluidine. 2-4 Grams 
of 4-nitrosodimethyl-«-naphthylamine hydrochloride, dissolved in 
20 c.c. of glacial acetic acid, were added to 1-5 grams of the 
dimethylamino-o-toluidine in 20 c.c. of 50 per cent. acetic acid and 
1 c.c. of concentrated hydrochloric acid. A bright crimson colour 
developed rapidly, and after three hours’ heating on the water-bath 
the dye was separated and purified as in the previous case. The 
hydrochloride of this colouring matter is even less soluble than the 
above hydrochloride, but is readily soluble in alcohol. The formula 
may be represented as follows : 


( | N 
\/\4\" Me 


| INH,,HCl 


= (XVII) 
MeN AA/ » 


o%, 
Me Cl 
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3-Amino-7-dimethylaminophenazine Methochloride. 


This compound, which has been described by Karrer (Ber., 1916, 
49, 1643; 1917, 50, 420), was prepared in order to compare the 
effect on the colour caused by the absence of methy! groups in the 
nucleus of the two benzene rings. It was obtained by oxidising 
a mixture of dimethyl-p- and -m-phenylenediamine with potassium 
dichromate. The phenazine salt was salted out by zinc and sodium 
chlorides, from which the base was precipitated by the addition 
of sodium hydroxide or ammonia. It dissolves in alcohol and in 
dilute acid with a deep violet colour. 


N 
A\4\/~\ 
Me, L INH,,HCI 


at) 
Na 


a, 

Me Cl 
It is the methochloride of ‘‘ Neutral-violet,’’ which has a similar 
tint. The absence of methyl groups in the nucleus seems to 
produce an effect similar to that obtained by methylating the 
amino-group, although it is curious that the tetramethyldiamino- 
phenazine about to be described should have a redder tint in spite 
of the absence of methyl groups in the nucleus. 


N 


™ amet y rams . Me,N NM > 
. ‘se WW e. 


This substance is described by Karrer (Ber., 1916, 49, 1643) as 
being formed by oxidising a mixture of dimethyl-p-phenylenediamine 
and dimethyl-m-phenylenediamine with potassium dichromate 
solution in presence of hydrochloric acid. The process was carried 
out as described and the phenazine compound separated in the form 
of the hydriodide, from which the base was precipitated by ammonia, 
filtered, washed, and extracted with alcohol. The residue was 
dissolved in dilute hydrochloric acid and the hydrochloride 
evaporated to dryness in a vacuum desiccator. The metho- 
chloride was prepared in the usual way (see p. 2059) by the action 
of methy] sulphate on the acetylated base dissolved in nitrobenzene 
and subsequent hydrolysis with concentrated hydrochloric acid. 
The colour of the methochloride dissolved in water, which closely 
resembles that of the hydrochloride (as is usually the case), is 2 
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violet-red, as described by Karrer. According to Karrer, the base 
has the formula given above. 

Bamberger (Annalen, 1890, 257, 1) has shown that N-methyl- 
tetrahydroquinoline (kairoline) has properties closely resembling 
those of dimethylaniline, and, like the latter, yields a nitroso- 
derivative. It seemed an interesting point to determine whether 
an azine colouring matter is produced in the same way as Toluylene- 
red methochloride and also to examine the colour of the product. 


3-Amino-2-methyl-N -methyltetrahydroquinolinophenazine 
Methochloride (Formula XII). 


The tetrahydroquinoline and its N-methyl derivative were 
prepared by the method of Hoffmann and Kénigs (Ber., 1883, 16, 
728) and the latter was converted into the nitroso-compound 
(Kénigs and Freer, Ber., 1885, 18, 2388). A mixture of 2-6 grams 
of nitroso-N-methyltetrahydroquinoline, 1-5 grams of p-dimethyl- 
amino-o-toluidine, 15 c.c. of glacial acetic acid, and 2 c.c. of concen- 
trated hydrochloric acid was warmed gently on the water-bath. 
Heat was developed and the liquid acquired a brilliant green colour 
which rapidly changed through brownish-black, dull scarlet, to 
magenta. The heating was continued for three to four hours, 
when the product was dissolved in 50 c.c. of hot water, filtered, 
and the colouring matter precipitated with zinc chloride and brine. 
It formed a green, iridescent mass, which was at first sticky, but 
rapidly hardened. The substance dissolves in water with a magenta 
colour similar to that of Toluylene-red methochloride. It has the 
formula C,,H,,N,Cl,HCl (Found: N = 14-5. C,,H,.N,Cl,Zn re- 
quires N = 14-1 per cent.). Attempts to prepare colouring matters 
from the nitroso-N-methyltetrahydroquinoline and m-phenylene- 
diamine and tolylenediamine were unsuccessful. The reaction in 
both cases was very violent and resulted in the formation of 
insoluble substances, ‘whereas when more dilute acid was used, no 
colouring matter seemed to be formed. 


For purposes of comparison, the following three substances were 
prepared. They are mentioned by Friedlander (op. cit., Vol. III, 
p. 397) as possessing a redder shade than the preceding compounds. 


3-Amino-7-methylamino-2-methylphenazine Methochloride 
(Formula VII). 


The substance was prepared from nitrosomonomethylaniline 
hydrochloride and o0-aminodimethyl-p-toluidine dissolved in 
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alcohol according to the quantities given in D.R.-P. 80758 (Fried- 
lander, op. cit., Vol. IV, p. 376). The mixture was boiled for six 
hours. The scarlet colour developed in a few minutes and rapidly 
intensified until a precipitate began to form, when the liquid was 
somewhat concentrated and cooled. The precipitate was filtered 
and washed with a little alcohol. The phenazine compound, 
C,;H,,N,CI,HCl, consists of a green, crystalline powder which 
dissolves in water with a redder shade than the preceding com. 
pounds, and at the same time a more magenta shade than the 
scarlet dyes about to be described. 


3-Amino-7-methylamino-2 : 8-dimethylphenazine Methochloride 
(Formula VIII). 


The methyl-o-toluidine employed in the reaction was obtained by 
the usual method, namely, by heating together at 200—220° for 
eight hours o-toluidine, methyl alcohol, and hydrochloric acid. 
The crude base was purified by conversion into the nitrosoamine. 
Twenty grams were dissolved in 24 c.c. of concentrated hydrochloric 
acid and 60 c.c. of water, cooled to 0—5°, and 5 grams of sodium 
nitrite in 15 ¢.c. of water added slowly with stirring. A pale 
orange oil separated, and was extracted with ether. It yielded 
10 grams of the nitrosoamine. A portion of this was reduced with 
stannous chloride and gave 4 grams of the pure base, b. p. 206— 
208°. 

Another portion of the nitrosoamine in ether solution was heated 
(O. Fischer and Hepp, Ber., 1886, 19, 2991) with alcoholic hydrogen 
chloride on the water-bath and boiled gently under reflux. A 
white, crystalline deposit slowly formed and after about an hour 
the precipitation was complete. The crystalline precipitate was 
filtered and dried. The mother-liquor yielded a further quantity 
on dilution with ether. 

The colouring matter was prepared in the manner described 
above by boiling together on the water-bath m-aminodimethy]l-p- 
toluidine in alcohol with nitrosomonomethyl-o-toluidine hydro- 
chloride and hydrochloric acid. The yellowish-red colour which 
first developed intensified rapidly to a much redder shade with no 
trace of blue, but not so yellow as Azine Scarlet G. The colouring 
matter partly precipitated in the boiling liquid and was separated 
by concentration, cooling, filtering, and washing with ether. The 
compound forms a powder which dissolves in water with a red 
colour, and has probably the formula C,,H,,.N,Cl,HCI. 
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3-Amino-7-benzylamino-2 : 8-dimethylphenazine Methochloride 
(Formula IX). 


The benzyl-o-toluidine was prepared in accordance with Fleischer’s 
method (Annalen, 1866, 138, 228) by heating together at 160° for 
two hours benzyl chloride (1 mol.) and o-toluidine (2 mols.). It 
boiled at 220°/16 mm. The distillate at once solidified to a colour- 
less mass, m. p. 56—57°. The nitrosoamine described by Kohler 
(Annalen, 1887, 241, 360) was prepared by the action of sodium 
nitrite on the base dissolved in dilute sulphuric acid, and melted 
at 53°. It was dissolved in 20 c.c. of alcoholic hydrogen chloride, 
and warmed on the water-bath for an hour. The brown nitroso- 
compound which separated on dilution with ether was used in the 
crude state for the preparation of the colouring matter. The 
p-dimethylamino-o-toluidine dissolved in alcohol with the nitroso- 
benzyl-o-toluidine hydrochloride and hydrochloric acid were heated 
together on the water-bath as described in the previous preparation. 
The colour developed, passing from yellowish-red to red with a 
faintly blue tint, but there was no indication of the brilliant red 
of Azine Scarlet G. On concentration and cooling, the colouring 
matter separated, and was filtered and washed with ether. The 
shade in aqueous solution was slightly bluer than that of the previous 
compound. It has probably the formula C,,H,,N,Cl,HCI. 


The following series consists of a group of scarlet dyestuffs, 
including “ Azine Scarlet G,” some of which are described under 
D.R.-P. 86608 of the Farbwerke Miihlheim (Friedlander, op. cit., 
Vol. IV, p. 380). All these compounds contain unsubstituted amino- 


groups. 


3: 7-Diamino-2 : 8-dimethylphenazine Methochloride 
(Azine Scarlet G). 


The quantities given in D.R.-P. 86608 (loc. cit.) were heated 
together with stirring at 110°. As the reaction proceeded, much 
frothing occurred, which subsided when the process was complete 
(about three hours). The semi-solid, crystalline product was 
dissolved in nearly boiling water, filtered if necessary, and hydro- 
chloric acid added. On cooling, green, iridescent needles separated. 
A quantity of the colouring matter remained in the mother-liquor. 
The substance dissolves in water with a bright scarlet colour 
(Found: N=17-5, 17-6. C,sH,,N,Cl, requires N = 17-1 per 
cent.). The formula is therefore 
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Azine Scarlet G 


3 : 7-Diamino-8-methylphenazine Methochloride (Formula III). 


The preparation was carried out under similar conditions to the 
above, a proportionate amount of aminoazobenzene hydrochloride 
being used in place of the toluene compound. The final product 
did not crystallise so readily, and required the addition of sodium 
chloride to assist precipitation. The colouring matter was recrys- 
tallised from dilute hydrochloric acid and formed green, iridescent 
crystals, which dissolved in water with a scarlet colour similar to 
that described previously (Found: N= 18-5. C,,H,,N,Cl,HC 
requires N = 18-0 per cent.). 


5 : 9-Diamino-10-methylnaphthaphenazine Methochloride 
(Formula VI). 


The preparation was carried out as above, a proportionate amount 
of benzeneazo-«-naphthylamine hydrochloride and one and a half 
times the amount of glycerol being used and heating at 120° being 
maintained for three and a half hours. Some insoluble matter was 
formed, which was filtered from the hot aqueous solution. A little 
salt and hydrochloric acid were used to precipitate the dye. It 
was recrystallised from dilute hydrochloric acid, the pure product 
forming green, iridescent crystals. The formula is C,,H,,N,Cl,HCI. 
In order to compare the colour of the above with aminophenazines 
in which one or two amino-groups were substituted for hydrogen 
in only one nucleus, 2-aminophenazine and 2 : 3-diaminophenazine 
were prepared. 

2-Aminophenazine was prepared by the method of Wohl and 
Lange (Ber., 1910, 43, 2186) by heating o-nitroaniline and aniline 
hydrochloride in presence of fused zinc chloride, and also by 4 
method of Kehrmann and Harras (Ber., 1913, 46, 431). The 
products in the two cases appear to be identical. It crystallises in 
brilliant red needles, m. p. 283°. It was converted into the acetyl 
derivative, from which the methochloride was obtained by the 
action of methyl sulphate in nitrobenzene solution (p. 2059). It 
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forms a red, crystalline compound. Both the hydrochloride of 
aminophenazine and the methochloride .dissolve in.water with a 
bright magenta colour. The absence of a second amino-group in 
the second ring seems to produee a similar effect to eee of 
the amino-group. 

2 : 3-Diaminophenazine was obtained by the method of Ullmann 
and Mauther (Ber., 1902, 35, 4302). It was converted into the 
acetyl derivative and subsequently into the methochloride. The 
methochloride crystallises in black needles. Both substances 
dissolve with an orange or orange-red colour in different solvents. 
Here the presence of a second amino-group in the same nucleus 
produces a fundamental change in the colour of the substance. 


Synopsis of the Principal Dyes of the ‘“‘ Azine Scarlet” Group. 


Colour in 
Formula. aqueous solution. Reference. 


Il. Magenta Toluylene Red. 
D.R.-P. 69188. 
Fried., Vol. ITI, p. 397. 
S. and J., No. 582, p. 228. 
L Magenta (bluer shade) Witt, Ber., 1879, 12, 931. 
D.R.-P. 15272 (1880). 
XV. Magenta (similar to I) D.R.-P. 69188. 
XVI. Magenta (similar to IT) - 
XVII. Magenta (similar to 1) o 
XII (+ HCl). Magenta (similar to I) — 
VIII (+ HCl). Redder than the above D.R.-P. 80758 
(Fried., Vol. IV. p. 376). 
IX (+ HCl). Similar to VIII, but ‘a 
slightly bluer 
IV (+ HCl). Scarlet D.R.-P. 86608. 
Azine Scarlet G. 


Fried., Vol. IV, p. 380. 
lit (+ HCl). Scarlet (similar to IX) 
V (+ HCl). Scarlet (similar to IV) Ber., 1890, 28, 845. 
VI (+ HCl). Scarlet (similar toIV, but D.R.-P. 86608. 
less yellow) 


. 


Summary. 


1. The formation of the quaternary methochloride has only a 
slight effect on the tint of the parent hydrochloride (I and II). 

2. The transition from a simple amino-group through a mono- 
alkylated to a dialkylated amino-group is accompanied by a grada- 
tion in tint from pure scarlet, through scarlet magenta, to pure 
magenta. The heavier the radicle the bluer the shade (VIII 
and IX), 

3. The transference of both amino-groups to the same nucleus 
produces a fundamental change in colour. 
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4. The replacemert of.2 benzene by a naphthalene or tetra- 
hydroquinoiine nucleus praduces little change in tint. 

5. The absence of radicles in the nucleus enhances the blueness 
of the shade. 


Tee Oreanxic CremrcaLt LABORATORIZS, 
Tuy WNrverstry, Lreps. [Received, October 25th, 1921.] 


CCXXXVIII.—The Action of Light of Short Wave- 
lengths on some Organic Acids and their Salts. 


By Frans Maurits JAEGER. 


REcENTLY, while studying the velocity of the photochemical 
decomposition of solutions of the complex oxalate of potassium 
and tervalent cobalt—a salt which is highly photosensitive—the 
author observed that this velocity is strongly influenced by the 
presence of certain cations in the solution. Further examination 
showed that the progressive addition of neutral salts first increased 
the velocity in all cases to a maximum, still larger quantities of 
salt considerably diminished the velocity, and in some cases the 
photochemical reaction could even be stopped completely by adding 
enough of the neutral salt. The greater the electrical charge of 
the cation of the salt added, the smaller was the concentration of 
the salt required to bring about a maximum velocity of the photo- 
chemical reaction. Thus, for instance, the ferric ion brought 
about a maximal rate at a very small molecular concentration. 
It was thus that the effect of certain ions on the reactions pro- 
ceeding under the influence of light radiation was observed, and 
the observation stimulated the author to take up again older 
experiments of a like nature. Several years previously he found 
(Proc. Roy. Acad. Sci. Amsterdam, 1911, 14, 342) that an aqueous 
solution of trichloroacetic acid, in which freshly-precipitated col- 
loidal ferric hydroxide had been dissolved in an amount insufficient 
to form a neutral salt, was rapidly decomposed by daylight or by 
the radiation of the mercury arc. Carbon dioxide was produced 
and a white, crystalline solid, pure hexachloroethane, C,Cl,, separ- 
ated. A more detailed study showed that, in particular, the blue, 
the violet, and the ultra-violet rays act most intensely, in accordance 
with their maximal specific absorption. The mechanism of the 
process seemed, however, to be more complicated than was originally 
supposed ; the reaction in dilute solutions was found to differ from 
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that in concentrated ones. Moreover, the presence of free oxygen 
has an important effect, in leading to the production of free chlorine 
and of hydrochloric acid. Although the solutions show all the 
specific reactions of the free ferric ion, there is no doubt that they 
contain the iron as a constituent of a complex hexa-trichloro- 
acetatoferric ion, which is, however, readily dissociated. If there 
is no excess of free acid in the solution, the above-mentioned photo- 
chemical action does not take place, but another is observed, 
analogous to the decomposition which occurs when the solution is 
heated, and resulting in the formation of carbon dioxide and chloro- 
form. If a concentrated solution of trichloroacetic acid is elec- 
trolysed between platinum electrodes, the trichloromethyl ester 
of the acid is formed, as well as carbonyl chloride and hydrochloric 
acid; the trichloromethyl] trichloroacetate in its turn can be split 
by catalysts into carbon dioxide and hexachloroethane. 

It was further possible to prove that aqueous solutions of ferric 
tribromoacetate and pentachloropropionate are decomposed photo- 
chemically, with formation of carbon dioxide and bromoform, and 
of tetrachloroethylene respectively. The photochemical processes 
normally occurring can be expressed by the equations : 


2Fe** + 2CCl,*CO-0’ —> 2Fe™* + 2C0, + C,Cl,. 
Fe"** + 3CBr,‘CO-0’ + 3H,0 —> Fe(OH), + 3CHBr, + 3CO,. 
Fe’** + 3CCI,*CCl,CO-O’ —> Fe’** + 3Cl’ + 3C,Cl, + 3CO,. 


More recently, while studying the influence of light radiation on 
aqueous solutions of potassium tribromoacetate, it was found that 
the originally neutral reaction became gradually more and more 
acid. Added silver nitrate produced a heavy precipitate of silver 
bromide in increasing quantity as the exposure was prolonged. 
This observation, in conjunction with what has been said above, 
suggested a more detailed study of solutions of the potassium salts 
of this and other similar derivatives of acetic acid when exposed 
to the radiation of the mercury arc. The photochemical decom- 
positions thus effected were found to differ widely from those 
observed with the free acids and with their ferric salts under 
corresponding conditions. ; 

As the behaviour is most evident in the case of tribromoacetic 
acid, it is advisable to begin with this, as being the least com- 
plicated process. When an aqueous solution of potassium tri- 
bromoacetate in a quartz vessel is exposed to the rays of a mercury 
lamp, the course of the reaction depends greatly on the concen- 
tration. In dilute solutions, two molecules of hydrobromic acid 
are formed from each molecule of the salt, while the presence of 
three equivalents of ionic bromine could be ascertained by gravi- 
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metric analysis. Moreover, the colourless gas which was produced 
at the same time was subjected to a careful gasometric examination 
and proved to be an equimolecular mixture of carbon dioxide and 
carbon monoxide. The latter gas was identified by palladous 
chloride and estimated quantitatively by absorption in an am- 
moniacal cuprous chloride solution. The reaction can therefore 
be completely expressed by the equation : 


CBr,CO-O’ + K* + H,O —> 2H" + 3Br’ + K* + CO + CO,. 


When, however, more concentrated solutions were treated in the 
same way, the formation of bromoform as a by-product could be 
demonstrated, whilst rather less bromine was found on addition of 
silver nitrate and a smaller quantity of free acid was produced. 
Evidently a secondary reaction goes on here, which in the case of 
the pure acid alone would be represented by the equation : 


CBr,*CO-0’ + H* —> CHBr, + CO,. 


On the other hand, if the ferric salt, in the presence of an excess 
of free acid, was exposed to the mercury light, the reaction went 
on in a manner quite analogous to that of ferric trichloroacetate, 
and resulted in the formation of hexabromoethane and carbon 
dioxide. The complete set of reactions observed may be expressed 
by the equations : 


2CBry°CO-O’ + 2Fe"* —> C,Br, +2CO,+2Fe" . . . . (I) 
CBr,°CO-0’ + H*—> CHBr, +CO,. . se 
CBr,-CO-0’ + K* + H,0 —> 2H" + 3Br’ + K* + CO +CO, @) 


Reaction (2) is an occasional, secondary one. The particular way 
in which the tribromoacetic ion is decomposed photochemically 
is therefore evidently very dependent on the presence of special 
ions in the solution. With ferric ions present, the reaction velocity 
in this and in other cases is generally much greater than when 
hydrogen or potassium ions are present. It is not hazardous to 
suppose that this acceleration is in some way connected with the 
multiple electrical charge of the ferric ion and the relative facility 
with which one of the three charges is eventually removed from it. 

The reaction produced under the same conditions in a solution 
of potassium trichloroacetate was found to be of a much more 
complicated character, the result being evidently a superposition 
of several different processes, all depending on the prevalence of 
certain conditions. If the solution of the potassium salt is very 
concentrated, only an exceedingly small amount of carbon dioxide 
is generated, and the gas evolved consists almost entirely of carbon 
monoxide, whilst, at first, for each molecule of carbon monoxide 
two ions of chlorine seem to be produced. With more prolonged 
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exposures, however, the ratio of chlorine ions to carbon monoxide 
gradually falls off, and chloral could be detected in the liquid; the 
falling off of the ratio is doubtless connected with the probable 
presence of some free oxygen in the gaseous mixture liberated. 
In the presence of water and the absence of oxygen, chloral is 
totally destroyed by light radiation according to the equation 
CCl,,CHO + H,O —> 3HCl + 2CO, whilst, with oxygen present, 
the carbon monoxide is partly oxidised to carbon dioxide, and the 
hydrochloric acid even to chlorine. Although no final equations 
can be given here for the individual reactions taking place, but 
only preliminary ones, a general review of all the experimental 
data obtained may be of use for the purpose of comparison : 


CCI,-CO-0’ + H* —> CHCl, + CO, 
with CHCl, + 3H,0 —> 4H’ + 3Cl’ + H-CO-0’ 

2CCl,CO-0’ + 2Fe"** —> C,Cl, + 2CO, + 2Fe"* 

CCl,-CO-0’ + K* + H,O —> CCl,-CHO + K* + OH’ + 0 
with CCl,-CHO + H,O + 20—> 3H" + 3Cl’ + 2C0, 


(Schoorl and Van den Berg, Chem. Zentr., 1906, i, 441, 650) and 
CCl,,CHO + H,O —> 3H’* + 3Cl’ + 2CO, at the same time. De- 
pending on the presence of certain other ions in the exposed liquid, 
the decomposition by the action of light can thus proceed in at 
least three principal ways, not counting the subsidiary reactions. 
These reactions differ from those induced by electrolysis or by 
heat. The electrolytic decomposition is : 


3CCl,CO-0’ + 3H* + H,O —> CCI,CO-0-CCI, + 2CO, + 
COCI, + Cl’ + H’ 


and, with catalysts, eventually CCl,-CO-O-CCl, —> CO, + C,Cl,. 
The thermal decomposition is : 


CCl,-CO-O’ + K* + H,O—> CHCl, + HCO,’ + K" 


The photochemical decomposition of mono- and di-chloroacetic 
acids has already been studied by Benrath (Annalen, 1911, 382, 
222) and by Euler and Cassel (Zeitsch. physikal. Chem., 1913, 84, 
371). The reaction proceeds according to the schemes : 


CH,Cl-CO-0’ + H,O —> CH,(OH)-CO-O’ + H* + Cl’ 

and CHCl,*CO-0’ + 2H,O —> CH(OH),*CO-0’ + 2H" + 2CI’ 

These reactions are of some interest in connexion with the behaviour 
of the potassium salt of trichlorolactic acid, CCl,;CH(OH)-CO-OH, 
when exposed to mercury rays. In that case, evidently only an 
insignificant quantity of free acid is generated, but for each molecule 
of the potassium salt 1 molecule of carbon dioxide is set free and 
one equivalent of chlorine is found to be present as ion. If the 
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solution after exposure is feebly acidified with acetic acid and 
heated with semicarbazide hydrochloride, a yellow, crystalline 
product is obtained, which proves to. be the disemicarbazone of 
glyoxal. According to Harries and Temme (Ber., 1909, 40, 171) 
and to Kling (Bull. Soc. chim., 1909, [iv], 5, 412), this fact indicates 
the original presence of dichloroacetaldehyde, which by a secondary 
reaction is transformed to glyoxal hydrate when heated with a 
feebly acid solution of semicarbazide. The photochemical reaction 
can therefore be represented by the equation : 


CCl,-CH(OH):CO-0’ + K* —> CO, + CHCI,-CHO + Cl’ + K’ (4) 
whilst the secondary, purely chemical change occurs as follows : 
CHCl,-CHO + 2H,O —> CH(OH),*CHO + 2Cl’ + 2H" 


It may be remarked that the photochemical transformation is in 
this case accompanied, or immediately followed, by an intra- 
molecular rearrangement of the atoms, and that the photochemical 
process does not differ here from the thermal decomposition, for 
aqueous solutions of the potassium salt are likewise decomposed 
on heating according to equation (4) above. 

In continuation of the above experiments, the photochemical 
decomposition of triphenylacetic acid has been studied in some 
detail. Both the acid and its potassium salt are only sparingly 
soluble, and therefore solutions in aleohol—water mixtures of various 
concentrations were employed. In dilute solutions, the photo- 
chemical reaction rapidly results in the liberation of carbon dioxide, 
which dissolves in the liquid, and in the production of a white, 
crystalline solid, which after recrystallisation proves to be pure 
triphenylmethane (m. p. 93°), whilst the solution gradually becomes 
alkaline : 


(C.H;)sC-CO-O’ + K* + H,O —> (C,H,),CH + HCO,’ + K’ 


In more concentrated solutions, an additional change takes place 
and a crystalline mixture is deposited which for the most part 
consists of triphenylearbinol (m. p. 163°), dissolving in concen- 
trated sulphuric acid with a yellow colour. This second photo- 
chemical process evidently occurs according to the scheme : 


(CgH,)sC-CO-O’ + K* + H,O —> (C,H,),C-OH + K* + H-C0-0’ 


whilst the formate produced is partly decomposed. 

In analogous circumstances, phenylbromoacetic acid, as potassium 
salt, is readily decomposed without liberation of carbon dioxide. 
In the liquid, a considerable amount of ionic bromine could be 
demonstrated. On closer examination, it could be shown that for 
each molecule of the salt one equivalent of bromine is precipitated 
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as silver bromide, whilst the characteristic odour of benzaldehyde 
is noticed. Evidently the original photochemical process consists 
in the formation of mandelic acid, which in its turn is split into 
benzaldehyde and formic acid. Since the solutions were stirred 
by a current of air, so that free oxygen was present, the secondary 
reactions are partly also those studied by Berthelot and Gaudechon 
(Compt. rend., 1910, 150, 1690; 154, 1349; 1911, 152, 262; 153, 
383; 1913, 157, 333) in the case of mandelic acid, and by Benrath 
(Annalen, 1911, 382, 222; J. pr. Chem., 1917, [ii], 204, 190) and 
Ciamician and Silber (Ber., 1913, 46, 1558) in the case of formic 
acid, when exposed to such radiation under the same conditions. 
In its principal features, the sequence of reactions occurring here 
may be represented thus : 


C,H,CHBr-CO-0’ + K* + H,0 —> C,H,*CH(OH)-CO-0’ + 
Br + H’ + K° 
and C,H,-CH(OH)-CO-0’ + H* —> C,H,-CHO + CO, + H,. 


Finally, some preliminary experiments were made with the yel- 
lowish-green ferric complex salt of ethyltartronic acid, or rather 
with the potassium salt of the complex ferrictri(ethyltartronic) ion, 
the solution of which is very sensitive to the action of light. The 
green solution became colourless, carbon dioxide was produced, 
and the liquid reduced silver nitrate solution immediately with 


formation of finely-divided, black, metallic silver. On keeping or 
passing oxygen into it, the colourless solution gradually resumes 
a green colour and then the original salt can be precipitated by 
alcohol. Evidently the photochemical reaction in this case is 
completely analogous to the well-known photochemical reduction 
of potassium ferric oxalate to potassium ferrous oxalate. The 
latter salt is also a very effective reducing agent for silver salts, 
and is easily reoxidised by free oxygen to the original ferric salt. 
If this be so—and by further investigation the author hopes to 
confirm this—the photéchemical process (5) and the subsequent 
oxidation may probably be represented by the equations : 


2{Fe{OH-CEt(CO-0),',]’” + 2H,O —> 2[Fe{OH-CEt(CO-0),}.]” + 

2HCO,’ + 2CO, and + OH-‘CHEt-CHEtOH . . . . (5) 
75-hexylene glycol ( ?) 

6[Fe{OH-CEt(CO-0),!,]” + 30—> 4[Fe{OH-CEt(CO-0),},]” + Fe,Oy. 


One product of the first reaction has an agreeable aromatic odour, 
reminiscent of celery leaves, but its identity can be established 
only by further experiment. 

We may state, in conclusion, by way of summary, that the 
various photochemical reactions of the substances dealt with are 
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in each case truly specific, and are directly comparable neither 
to the effects of electrolysis nor, in most cases, to those of heat. 
Both electrolytic and thermal effects have occasionally been con- 
sidered analogous to photochemical change. The above and other 
experiments enable us to emphasise once more that in the case of 
photochemical change no such general comparisons are valid; each 
photochemical reaction is specific and very dependent on the 
conditions obtaining at the moment, so that it is scarcely ever 
possible to predict its course. Among the conditions governing 
the reaction, the presence of certain ions in the solution must be 
considered a factor of great importance. 


Untversiry LABORATORY OF INORGANIC CHEMISTRY, 
GRONINGEN, HOLLAND. [Received, October 8th, 1921.] 


CCXXXIX.—A New Synthesis of Oxazines. 
By Arruur FarrRBourNE and Harotp Toms. 


SynTuHESsEs of oxazines are usually brought about by the preliminary 
formation of a nitrogen linking, followed by the completion of an 
oxazine ring, according to the following scheme : 


NH 
AP NS 
NS 


This has the disadvantage, however, of affording no simple 
method of preparation of amino-derivatives, the reduction of nitro- 
oxazines being by no means easy; and it otherwise very greatly 
limits the type of substance obtainable. 

Research now in progress (compare the previous paper, this vol., 
p. 1036) has resulted in a different formation of oxazines, which is 
the converse of the usual process, that is, it consists in the closing of 
a simple ether chain by the elimination of water from an amino- 
and a hydroxyl-group : 


JV) #, Pan 
H,) NL yu, a sis ns J om, 


FAIRBOURNE AND TOMS: A NEW SYNTHESIS OF OXAZINES. 2077 


The oxazines being of very considerable interest, both technically 
(compare Justin-Mueller, Rev. Gen. Col., 1920, 24, 130; also, in 
connexion with amino-derivatives, Kehrmann, Ber., 1905, 36, 481, 
483) and, more especially, scientifically (compare Knorr, Ber., 
1899, 22, 1209; Kehrmann, loc. cit., p. 479), this alternative and 
rather unexpected possibility of their synthesis appears sufficiently 
useful to be put on record, the only previous example of a prepara- 
tion in any way similar which has come to the notice of the authors 
being a condensation of amino- and carboxyl-groups (Bischoff, 
Ber., 1900, 33, 1593), the carbonyl of the latter remaining in the 
ring produced, and not readily allowing of reduction to the parent 
oxazine. 


EXPERIMENTAL. 
2: 4-Dinitrophenyl 8-Hydroxyethyl Ether, and its Reduction. 


This substance was prepared by a method similar to that em- 
ployed in the case of the corresponding ether of glycerol (loc. cit.), 
a small quantity of aqueous sodium hydroxide solution proving 
successful, however, as condensing agent instead of the sodium 
derivative of ethylene glycol. To a solution of 8-1 grams of 1-chloro- 
2:4-dinitrobenzene in 18 c.c. of ethylene glycol was added an 
ethylene-glycollic solution of sodium hydroxide (1 mol.) obtained 
by dissolving 1-6 grams of the solid alkali in 1 c.c. of water and 
adding 18 c.c. of the glycol. The mixture was heated on a water- 
bath for half an hour, during which time crystals of sodium chloride 
separated. While still hot, the liquid was stirred into 50 c.c. of 
water, from which, on cooling, were deposited 8-5 grams of acicular 
crystals. These were recrystallised from 20 per cent. acetic acid 
and from water, and were then colourless and melted at 109° 
(Found: C = 42:15; H=3-75; N = 12-47. Cale., C = 42-11; 
H = 3:51; N = 12-29 per cent.). 

The mother-liquor from the acetic acid crystallisation contained 
a small quantity of another substance, m. p. 192—195°, which was 
not sufficient to admit of complete analysis, but an estimation of 
the nitrogen indicated that the compound was ethylene glycol 
bisdinitrophenyl ether, C,H,(O-C,H,[NO,],).. In other experi- 
ments, the ethylene-glycollic sodium hydroxide was prepared by 
pouring the strong aqueous alkali into the glycol, instead of pouring 
the glycol into the aqueous alkali, and in the subsequent condensa- 
tions with chlorodinitrobenzene no trace of the bisdinitrophenyl 
ether could then be found. It would consequently appear that the 
presence of excess of the glycol during the whole period of the 
preparation of the glycollic alkali prevented the formation of the 
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disodium derivative of glycol, and consequently of the bisdinitro. 
phenyl ether also. 

Reduction of 2: 4-Dinitrophenyl 8-Hydroxyethyl Ether —One part 
by weight of the monophenyl ether was gradually added to twenty. 
two parts of water containing two parts of iron and a small quantity 
of hydrochloric acid, the addition being extended over a quarter 
of an hour, and being carried out at 74—76°. The whole was 
maintained at this temperature for a further equal period of time, 
the product was then filtered and the residue extracted with boiling 
water. As the resulting diamine was found to be insoluble in ether, 
and exceedingly difficult to purify in any form, the water was 
evaporated and the dried material was submitted to dehydration 
in the crude state, as described below. No specimen of this free 
diamine has been isolated, but, by boiling the crude product with 
excess of acetyl chloride and then decanting and diluting the 
solution obtained, long, colourless needles of the triacetyl derivative 
were isolated, m. p. 128—130° (Found: CH,°CO = 43-1. Calec., 
CH,°CO = 43-8 per cent.). 


6-Amino-2 : 3-dihydro-1 : 4-benzisooxazine (6-Aminobenzo- 


a @ 
morpholine), 1 1 
My 


NH 


The crude diamine mentioned above was dissolved in 10 parts by 
weight of concentrated sulphuric acid, and heated slowly to 150°, 
at which temperature it was maintained for several minutes. The 
product was cooled, poured into water, and extracted with ether 
after neutralisation with sodium hydroxide. The ethereal extract 
was dried over solid sodium hydroxide, and the ether was removed 
by evaporation, when a mass of colourless, acicular crystals was 
obtained, which, after recrystallisation from water, melted at 80° 
(Found: N = 18-9. Cale., N = 18-6 per cent.). 


The authors wish to express their indebtedness to the Chemical 
Society for a grant to one of them (H. T.) which has partly defrayed 
expenses incurred in this work. 


Krnq@’s CoLLEGE, UNIVERSITY OF LONDON, 
Srranp, W.C.2. [Received, November 16th, 1921.] 


THE INFLUENCE OF NEUTRAL SALTS, ETO. 


CCXL.—The Influence of Neutral Salts on the 
Hydrolysis of Ethyl Formate. 


By ALEXANDER BERNARD MANNING. 


NEUTRAL salt action, as ordinarily measured, is probably due to 
two or more causes acting together, and the difficulty in explaining 
the total effect in any particular example lies in disentangling these 
causes and assigning to each its specific effect. 

If to a solution of an electrolyte HA we add a neutral salt BC, 
there will be in general a change in the concentration of the ion H’° 
owing to the formation of the new molecular species HC and BA and 
the consequent readjustment of the concentrations of the ions 
present. The change in concentration of H* due to this cause may 
be called the true neutral salt action. 

Of other effects often included under neutral salt action the most 
prominent is due probably to hydration and the consequent changes 
in concentration of the solvent. To quote one instance—it is known 
that the presence of potassium chloride increases the rate at which 
sucrose is hydrolysed by an acid, but a comparable increase in 
velocity of hydrolysis can be produced also by the presence of a 
neutral non-electrolyte, for example, mannitol (Rosanoff and Potter, 
J. Amer. Chem. Soc., 1913, 35, 248), or indeed sucrose itself, for the 
rate of hydrolysis increases considerably with initial concentration 
of sugar. In all investigations on neutral salt action an attempt 
should be made to estimate the hydration factor by a careful com- 
parison of the effect of addition of the neutral salt with that of the 
addition of some otherwise inactive non-electrolyte, the hydration 
effect of which has been otherwise determined. This was done 
in the work described below, and by a fortunate chance it was 
found that the method chosen was practically independent of 
hydration effects, glucose and sucrose even in considerable 
concentrations producing inappreciable changes in the particular 
reaction constant measured. On the assumption that there are 
no other disturbing influences, the following experimental work 
should give a measure of the true neutral salt action as defined 
above. The results will be discussed from this point of view. 


ExPERIMENTAL. 


Dilute aqueous solutions of ethyl formate (1—2 per cent.) 
hydrolyse at a conveniently measurable rate at 25°, in the absence 
of acid other than that produced by the hydrolysis. The course of 
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this reaction in water alone and in solutions of various neutral salts 
and non-electrolytes has been studied. The reaction 
H-CO,°C,H, + H,O —> H-CO,H + C,H,-OH 


is autocatalytic and for dilute solutions of the ester can be taken as 
complete. . 

To obtain an expression for the course of the change it will be 
assumed, as a working hypothesis, that the rate of hydrolysis is 
jointly proportional to the concentration of the ester and of the 
hydrion. 

Let a = the initial concentration of ester. 
x = the concentration of formic acid produced after time t. 
c = the concentration of undissociated formic acid at time t. 
c, = concentration of hydrion at time ¢. 


Then ¢+6¢,=2 . 2. «© © © «© © «© © «© « « Gf) 
= k,, the ionisation constant of formic acid at 
nr re ae ae i a 
The above assumption gives 


dx 
dt 


We may call K the reaction constant. 
Eliminating c and c, from (1), (2), and (3), we have 


dx _ f © 4a 
do PE A(@ — 2) it ies i 
This gives on integration 


*[2 log {V1 + Ka — 1) + (V1 + ka — 1) log {V1 + Ka + 
V1 + kx} — (V1 + Ka + 1) log {V1 4+ Ka — V1 + Fz} 


= Kia—zje, . . »- «= «© «© « « « 9) 


= 2aK(t, — to), where k’ = ee «ened 
1 

Initially the hydroxy] ions of the water also catalyse the reaction, 
but with increasing concentration of the hydrogen ions that of the 
hydroxyl ions soon becomes inappreciable. This initial effect is 
readily seen to be negligible in the present case. 

The reaction was followed by titration with N/20-ammonia, 
with methyl-red as indieator. The use of a stronger alkali, such 
as baryta, was found to be inadmissible, since it appeared to catalyse 
the reaction appreciably during the titration, particularly during 
the early part of the reaction. This suspicion was confirmed by 
following the reaction (a) using baryta, (b) using ammonia, (c) by 
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the electrical conductivity method. . (a) invariably gave higher 
values for the amount of hydrolysis than (b) or (c) except towards 
the end of the reaction. The values from (b) and (c) agreed within 
the limits of the experimental error. 

The ethyl formate used was carefully purified and was freshly 
distilled immediately before each series of experiments. A litre of 
water, or of the solution to be used, was placed in a stoppered Jena 
glass bottle in a thermostat at 25° + 0-05°. When this had attained 
the temperature of the bath, the requisite amount of ester was 
pipetted into it, the bottle shaken thoroughly, and the time taken. 
At convenient intervals 25 c.c. of the solution were removed and 
titrated with the standard ammonia. The initial concentration of 
ester was determined exactly by adding excess of bartya to 25 c.c. 
of the solution, keeping for two days, and titrating the excess of 
baryta with hydrochloric acid, care being taken to exclude carbon 
dioxide. 

All the salts used were recrystallised at least once. Conductivity 
water was used throughout for the solutions. 

When using a solution of a salt or non-electrolyte, a correction 
was made for the alteration in concentration of the solution due to 
the small change in volume on addition of the ester. 


The Rate of Reaction with Water alone. 


Initial concentration of Initial concentration of Initial concentration of 
the ester 0°0578M. the ester 0°1745M. 


Time Time Amount 
in i in changed 
hours. percent. <. hours. percent. K. hours. percent. K. 
2°97 0°64 -- 2°77 104 — 6°72 5°90 — 
22°97 . 4°81 5°42 2°70 4°88 24°02 43°95 
253 ‘0: 4:78 22°5 29°32 4°81 28°42 54:5 
29°85 . 4°81 24°93 344 4°82 30°62 59°25 
46°87 ; 4°82 27°37 = 39°3 4°82 48°35 85:3 
53°45 : 4°81 30°08 449 4°83 55°17 = 903 
70°62 : 4°84 46°50 72°4 4°85 72°25 96°6 
72°93 , 4°84 49°07 75°6 4°85 78°73 8 97°9 
54°03 = 80°9 4°86 
70°58 91°7 4°85 
Mean K = 4°82 Mean K = 4°84 Mean K = 4°77 


The constancy of the calculated values of K fully justifies the 
assumptions made in deducing equation (4). 

In the experiments in presence of neutral salts or non-electrolytes, 
the concentration of ester used was in the region of 0:116M. The 
average of several determinations of K for water alone and for con- 
centrations of ester between 0-115M and 0-117M was 4:83. This 
will be taken as the basis for comparison with the values obtained 
in the presence of other substances. 
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The Rate of Reaction jn Solutions of Non-electrolytes. 


Glucose was the non-electrolyte principally studied ; the following 
are typical results. 


M /4-Glucose. ' 2M-Glucose. 
Conc. of the ester = 0°1160M. 


Amount 
changed 
per cent. 
0°83 
28°02 
33°5 
43-2 
73°3 
79°6 
91°7 


lb 


HH oa 
SZaOwocoowmonwo 
WOW toe DO -1+10 


Mean K = 4°89 Mean K = 4°95 


In M/10-glucose, the mean K = 4-84; and in M-glucose, the 
mean K = 4-92. 

There appears to be a very slight, gradual increase in K with 
increasing concentration of glucose, but, as will be seen later, it is 
very small compared with the increase in the presence of neutral salts. 

Similar results are obtained with solutions of sucrose. Thus in 


M /2-sucrose, the mean K = 4-92. 
M-sucrose, the mean K = 5-10. 


The Rate of Reaction in Solutions of Neutral Salts. 
Typical results in solutions of potassium chloride. 


Cone. of Conc. of Conc. of 
KCl = 0°0993N. KCl = 0°495N. KCl = 1°99N. 


Initial conc. of the ester Initial conc. of the ester Initial conc. of the ester 
= 0O'1165N. = O'1165N. = 0°1158N. 


Time Amount Time Amount Time Amount 
in changed in changed in changed 
hours. percent. K. hours. per cent. a hours. per cent. 
5°78 3°47 4°08 2-72 1-73 1-22 
22°56 37°9 6°08 5°25 Pi 6°53 7°31 
25°65 45°0 8:08 8°54 ° 23°03 §2°1 
29°52 54:0 22°5 45°5 25°72 58°8 
46°73 82°3 27°27 57°7 , 30°5 69°6 
51°43 86°7 29°33 62°4 , 47°23 90°7 
53°63 88°8 46°93 88-0 ° 49°68 92-1 
71°5 96°5 49°38 89°7 , 71°10 98-4 
78°2 97°7 
Mean K = 5°85 Mean K = 6°52 Mean K = 6°93 


Br Or x Or x OH Ot 


OO © © -3-1-1 
2 BD OI ~1 


a 
© 
= 
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The results similarly obtained with solutions of sodium chloride, 
potassium nitrate, sodium nitrate, calcium chloride, and barium 
chloride are tabulated below and represented graphically in Fig. 1. 


Reaction constant. 


—* 4. 


0-5N 1-0N 1-5N 


Concentration of the neutral salt. 


Values of K for Various Salts. 


Conc. of salt. KCl. NaCl. KNO;. NaNO,. CaCl,. BaCl,. 


5°76 5°87 6°23 
6°01 6°17 _ 
6°14 —— 7°90 
6°15 6°53 8°95 
5°54 6°38 10-0 


In all the solutions of these salts the constancy of the values of 
K, calculated throughout the course of the reaction, was very 
satisfactory. Moreover, the result of addition of the salt was 
always to accelerate the reaction. Solutions of the sulphates behave 
differently. Potassium and sodium sulphates retard the reaction, 
and show a gradual increase in K as the reaction proceeds. 

VOL. CXIX. 4B 
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Below are results for potassium sulphate : 


Conc. of K,SO, = 0°0991N. Conc. of K,SO, = 0°992N. 
Initial conc. of the ester = 0°1163N. Initial conc. of the ester = 0°1163N. 


Time Amount i Amount 
in changed i changed 
hours. per cent. per cent. 
3°43 1°04 
4°95 1°56 
6°03 2°18 
22°92 23°4 
25°35 27°65 
29°67 35°75 
46°47 63°9 
52°15 713 
71°37 87°5 
95°7 96°1 
Mean K = 4°06 


Sodium sulphate gives similar results. 
Discussion of Results. 


It has been shown that solutions of glucose and sucrose of relatively 
high concentrations give very nearly the same values for the reaction 
constant K as does water alone. Unless, therefore, in solutions of 
these non-electrolytes there are two or more effects exactly annulling 
each other, which is improbable, it may be concluded that the rate 
of reaction is independent of changes in the concentration of the 
water. In other words, hydration of the solute does not affect K. 

It may further be remarked that changes of viscosity have here 
little effect on the rate of reaction. 

Admitting no further hypothesis, we must take the change in 
K on addition of neutral salts as due to an actual change in the 
concentration of hydrogen ions in the solution, K indeed giving 
a measure of the change. This change is a result of the readjust- 
ment in concentrations on addition of the neutral salt (say, potassium 
chloride) conditioned by the equilibria : 


H-CO,H =~ HCO,’ +H’ 
KCl => £ +o 
HCl — +o 
H-CO,K = HCO,’ + K’ 


so 
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It remains to be seen whether the theory of such mixtures of 
electrolytes, as far as it has been developed up to the present, will 
lead to the same results as those obtained experimentally. 

Of the four equations above, three represent the dissociation of 
strong electrolytes. For dealing with such mixed electrolytes 4s 
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these Arrhenius (Zeitsch. physikal. Chem., 1899, 31, 197; compare 
also Sherrill, J. Amer. Chem. Soc., 1910, 32, 741) proposed the follow- 
ing form of “ dilution law ”’ : 


B’ x A’ , 
>’ ae D(x)", 


where BA is one of the electrolytes, dissociating into the ions B* 
and A’, S¢ is the sum of the ionic concentrations, that is, the total 
concentration of positive (or negative) ions in the solution, and D 
and m are constants. 

Following the method proposed by Arrhenius, the concentrations 
of hydrogen ion in various mixtures of potassium chloride, sodium 
chloride, barium chloride, and potassium sulphate respectively with 
formic acid have been calculated. There is, however, another 
point to be considered in comparing the calculated with the experi- 
mental results. During the reaction the concentration of formic 
acid varies, increasing from zero to slightly more than 0-1N. The 
fact that a constant value is obtained for K throughout the reaction 
(except for the sulphates) shows that for the same concentration 
of neutral salt the same proportional increase in hydrogen-ion 
concentration is produced, independently of the concentration of 
acid. 

As an example, consider a solution containing 0-1N-formic acid 
in the presence of N-potassium chloride. In 0-1N-formic acid 
alone ‘the concentration of hydrogen-ion is 0-00452 gram-ion per 
litre. In the mixed solution the concentrations of the various ions 
and molecules present are given by the following simultaneous 
equations : 

K* x Cl’ 
ka 
H* x Cl’ 
HCl 
K* x H-CO,’ 
H-CO,K 
H* x HCO,’ _ ° om 
~H-0O,H ~ K,(K° + H")™ 
K* + KCl + H-CO,K = 1 
Cl’ + KCl + HCl = 1 
H* + HCl + H-CO,H = 0:1 
HCO,’ + H-CO,H + H-CO,K = 0-1. 


= KK’ + Hy 
= K,(K* + H’) 


= K,(K° + Hy 


The values of the constants, found from the conductivity data, 
4B2 
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assuming the conductivity—viscosity ratio to give the degree of 
dissociation, are 
m, = 0-62; m, = 0-62; m, = 0-54; m, = 0. 

Solving the equations, we have 

H* = 0-00547 K’ = 0-731 

HCO,’ = 0-00366 Cr’ = 0-733 

KCl = 0-266 H-CO,H = 0-0936 

HCl = 0-000924 H-CO,K = 0-00274 

Thus the addition of the neutral salt has increased the hydrogen. 

ion concentration from 0-00452 to 0-00547 gram-ion per litre. The 


Fig. 2. 


observed. 
calculated. 
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increase is 21-0 per cent. The same percentage increase is produced 
with smaller initial concentrations of formic acid. Thus in 0-05N- 
formic acid the hydrogen-ion concentration is 0-003165 gram-ion 
per litre. In the presence of N-potassium chloride this becomes 
0-00383 gram-ion per litre. The increase again is 21-0 per cent. 
In the diagram (Fig. 2) is shown the calculated percentage increase 
in concentration of hydrogen ion in the presence of various con- 
centrations of potassium, sodium, and barium chlorides and 
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potassium sulphate respectively. The observed values also are 
shown, drawn to the same scale. 

Calculation of the hydrogen-ion concentration in mixtures of 
potassium sulphate and formic acid shows a decrease on addition 
of the neutral salt. Thus: 


H-ion cone. in 0-1N-formic acid . 0-00452 gram-ion per litre. 
H-ion conc. in 0-1N-formic acid in 

presence of 0-1N-K,SO, . 0-00381 
H-ion cone. in 0-1.N-formic acid in 

presence of N-K,SO, . . 0-00325 * 


Moreover, the decrease is not quite proportional to the original 
hydrogen-ion concentration. Thus in presence of N-potassium 
sulphate the hydrogen-ion concentration of 0-1N-formic acid 
decreases to 72 per cent., that of 0:05N-formic acid to 71 per cent., 
and that of 0-01N-formic acid to 67 per cent. of the original. Some 
variation in the value of K, then, is to be expected. 

With the sulphates the agreement of calculated and experimental 
results is good. With the chlorides, however, the observed values 
are considerably greater than the calculated. It is true that some 
of the data used in the derivation of the constants in Arrhenius’s 
formula are not very trustworthy. This applies particularly to the 
conductivity data for the formates in aqueous solution at 25°, 
which need redetermining. But the results indicate that some 
modification of Arrhenius’s mixture law is necessary. Again, it 
may be noted that the nitrates show clearly, and potassium chloride 
gives some indication of, a maximum neutral salt effect with in- 
creasing concentration. The method of calculation used above 
would give no maximum. It would, however, seem useless to test 
any other mixture law until more trustworthy data are available 
for the dissociation of the formates in solution. 


{[Nore.—The work described above was begun in 1914, but, 
very shortly after its commencement, had to be postponed until 
1919. Later, it had again to be put aside, and as, at the moment, 
circumstances do not permit its continuation, it is being published 
in its present, somewhat incomplete, form.] 


IMpeRIAL COLLEGE OF SCIENCE AND TECHNOLOGY, 
SoutH KENSINGTON. (Received, September 16th, 1921.] 
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CCXLI.—The Action of Diazo-salis on Aromatic 
Sulphonamides. Part I. 


By Pavirra Kumar Dutt, Huen Rosrsson WHITEHEAD, and 
ARTHUR WORMALL. 


HinsBEre@ (Ber., 1894, 27, 598), by the action of benzenediazonium 
chloride on benzenesulphonamide in very dilute alkaline solution, 
obtained a ye.low, crystalline product, which in the crude state 
melted at 102° with decomposition and on analysis gave 15-63 per 
cent. of nitrogen. From this, the author assigned to it the structure 
SO,Ph-NH-N:NPh, which requires 16-09 per cent. of nitrogen. On 
warming with dilute acids or alkalis, it decomposed into benzene- 
sulphonamide, phenol, nitrogen, and a resinous product. 

In repeating Hinsberg’s reaction with molecular quantities 
of -toluenesulphonamide and benzenediazonium chloride, we 
obtained a yellow, crystalline product which, however, smelt 
strongly of phenylazoimide. On recrystallisation from dilute 
alcohol, it melted at 95° (with decomposition), and its analysis 
agreed with the formula C,H,MeSO,-N°-NPh. A similar com- 
pound isomeric with the above, p-toluenediazobenzenesulphinate, 
SO,Ph-N:N-C,H,Me, had previously been prepared by Hantzsch 
and Singer (Ber., 1897, 30, 312) by the action of p-toluenediazonium 
chloride on benzenesulphinic acid, and the lower homologue, 
SO,Ph:N:NPh, by Kénigs (Ber., 1877, 10, 1531) by the action of 
benzenediazonium chloride on the same substance. On the other 
hand, when the crude yellow product was crystallised from benzene 
and light petroleum, it melted sharply at 87—-88°, with decomposition, 
and its analysis agreed with the formula C,H,Me-SO,-NH-N:NPh. 

Assuming that the diazo-sulphinate, C,H,Me-SO,-N:NPh, had 
been formed in a similar way to that of Kénigs and of Hantzsch and 
Singer, we concluded that the diazoamino-compound, first formed, 
must have decomposed in presence of alkali into p-toluenesulphinic 
acid and phenylazoimide, and the sulphinic acid thus formed must 
have combined with the benzenediazonium chloride. This has 
been verified by carrying out the condensation in presence of a large 
excess of alkali, when no solid but phenylazoimide was obtained in 
very good yield. The sulphinic acid present in the alkaline aqueous 
portion was converted into the insoluble ferric salt (Thomas, T., 
1909, 95, 342). The yield was almost quantitative, according to 
equation (1). In another experiment the sulphinic acid was con- 
densed with a molecular proportion of the diazonium salt, when 
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the diazosulphinate was obtained in very good yield, the reaction 
taking place according to equation (2). 


R:SO,‘NH, + R’N:NCl = R:SO,H +R’N,+HCl . . (1) 
R-SO,H + R/N:NC] = R-SO,.NINR’+HCl . . . . (2) 


Hinsberg’s product may therefore be regarded as a mixture of 
the diazoamino-compound, R°SO,-NH-N:NR’, and the diazo- 
sulphinate, R°SO,-N:NR’. This reaction has been studied with 
both benzene- and p-toluene-sulphonamides on the one hand, and 
aniline, 0-, m-, and p-toluidines, and p-chloroaniline on the other. 
The products in all cases are similar and the reaction may be repre- 
sented by equations (1) and (2). The reaction, therefore, can 
conveniently be utilised for the preparation of aromatic azoimides 
and sulphinic acids. 


EXPERIMENTAL. 


Action of Benzenediazonium Chloride on p-Toluenesulphonamide. 


Experiment I,—Benzenediazonium chloride (made from aniline, 
4-6 grams, hydrochloric acid, 15 c.c., and water, 25 c.c., diazotised 
with sodium nitrite, 3-5 grams in water, 15 c.c.) was slowly added to 
a well-cooled solution of 8-5 grams of p-toluenesulphonamide and 
6 grams of sodium hydroxide in 175 c.c. of water. The mixture 
was stirred for about ten minutes and filtered, and the yellow, 
crystalline product washed with water and dried in a vacuum 
desiccator. The filtrate was slightly alkaline and smelt strongly 
of phenylazoimide. The crude product melted and decomposed 
at 83—-85° (Found: N = 13-9 per cent.). The yield was 8 grams. 
A portion, recrystallised from aqueous alcohol, formed yellow 
needles, m. p. 95° with decomposition (Found: C = 59-78 by the 
wet method; N = 10-98; S = 12-34. Benzenediazo-p-toluenesul- 
phinate, CH,°C,H,SO,-N°-NPh, requires C = 60:00; N = 10-77; 
S = 12-31 per cent.). The sulphur was estimated by fusion with 
potassium carbonate and potassium nitrate, as an attempt by the 
Carius method resulted in an explosion just after the tube had been 
sealed. 

The diazo-sulphinate, on reduction with zinc dust and acetic acid 
in alcoholic solution (Kénigs, loc. cit.), gave the colourless dihydro- 
derivative. This, when recrystallised from alcohol, formed 
needles, m. p. 154° with decomposition (Found: N = 10-9. 
CH,°C,H,"SO,-NH-NHPh requires N = 10-7 per cent.). 

A small portion of the crude condensation product, m. p. 83—85°, 
mentioned above, was dissolved in a large volume (1 gram in 50 c.c.) 
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of benzene at about 30° and filtered. The pale yellow, crystalline 
precipitate that separated on adding light petroleum to the cooled 
filtrate was quickly collected and dried in the dark; it melted 
sharply with decomposition at 87—88° (Found: N = 15-55. The 
diazoamine, CH,°C,H,SO,-NH-N:NPh requires N = 15-27 per 
cent.). When warmed with sodium hydroxide solution, contrary 
to Hinsberg’s statement, it liberated phenylazoimide. In alcoholic 
solution, it gave a deep red coloration with a solution of 8-naphthol. 

Experiment IJ. —In this experiment the reaction was carried out 
in presence of a large excess of alkali. Benzenediazonium chloride 
(made from 9-3 grams of aniline) was slowly added to a solution of 
17- grams of p-toluenesulphonamide and 15 grams of sodium hydr- 
oxide in 350 c.c. of water. In this case no precipitate was formed, 
but an orange, opalescent liquid was obtained smelling strongly of 
phenylazoimide. A drop of the liquid produced a deep red colora- 
tion on 8-naphthol test-paper. A few c.c. of the liquid were acidified 
with cold dilute acetic acid and gave a pale yellow precipitate, 
which, after being filtered, washed, and dried, melted with decom- 
position at 85—86° (Found: N = 15-28 per cent.). The reaction 
mixture, which evidently contained the diazoamine in solution, 
showed no appreciable decomposition even after being stirred for 
two hours. The mixture having been kept overnight in the ice 
box, a considerable amount of oil had accumulated at the bottom 
of the vessel, but the liquid still gave the red coloration with 
8-naphthol test-paper. Sodium hydroxide (15 grams) was then 
added and the mixture stirred until no colour reaction was obtained 
with $-naphthol paper. It was then extracted with ether, the 
ether distilled off, and the residue distilled in steam. The steam 
distillate was again extracted with ether, and the extract dried over 
calcium chloride and distilled in a vacuum from a water-bath. The 
yield of phenylazoimide was 9 grams, the calculated yield being 11-9 
grams according to equation (1). It is a clear yellow liquid, having 
a characteristic, penetrating, but not unpleasant smell. It explodes 
when heated in a test-tube over a Bunsen flame, but distils at 81° 
under 44 mm. pressure. To identify the product further, it was 
condensed with ethyl acetate, a substance, melting at 115°, being 
produced identical with that obtained by Dimroth (Ber., 1902, 35, 
4057) from phenylazoimide and ethyl acetate. 

The aqueous solution left after the phenylazoimide had been 
removed was divided into two equal portions. One portion was 
acidified with hydrochloric acid. The brick-red precipitate obtained 
by the addition of ferric chloride to the acid solution was collected 
(yield 8-5 grams, the calculated yield being 8-7 grams), treated 
with a slight excess of aqueous ammonia, and filtered. On the 
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addition of concentrated hydrochloric acid to the cooled filtrate, 
colourless, crystalline p-toluenesulphinic acid was precipitated. 
It was recrystallised from water and melted at 86—87° (Thomas 
gives m. p. 86—87°, loc. cit.). It gave the characteristic blue colour 
reaction of aromatic sulphinic acids with concentrated sulphuric 
acid and anisole (Smiles and Rossignol, T., 1906, 89, 696) (Found : 
S = 20-54. Cale., S = 20-51 per cent.). 

The other portion of the aqueous solution mentioned above was 
treated with half the quantity of benzenediazonium chloride, when 
a yellow, crystalline precipitate was obtained. This was filtered 
off, washed with water, and dried; the yield of crude product was 
13 grams (m. p. 91°), the theoretical yield being 14 grams. On 
recrystallisation from dilute alcohol it formed yellow needles, m. p. 
95°, and proved to be identical with the benzenediazo-p-toluene- 
sulphinate described in experiment I. 


Action of 0-Toluenediazonium Chloride on p-Toluenesulphonamide. 


In this and the following experiments with p-toluenesulphon- 
amide, 17 grams of the substance were dissolved in an alcoholic 
solution of 20 grams of potassium hydroxide, the alcohol was 
distilled off in a vacuum, and the residue dissolved in 150 c.c. of 
water. This process has the advantage that the bulk of the solution 
is smaller than in the previous experiments, and in spite of the large 
concentration of alkali the potassium salt of the sulphonamide does 
not separate out. o-Toluenediazonium chloride (made from 10-7 
grams of o-toluidine) was then added, when a dark oil was formed. 
This was: extracted with ether and purified as in experiment II. 
The yield of pure o-tolylazoimide was 10 grams (b. p. 90-5° at 31 
mm.), the theoretical yield being 13-3 grams. 

The aqueous solution was divided into two equal portions; one 
was treated with ferric chloride and the other with half the quantity 
of o-toluenediazonium chloride, as described in experiment II. 
The yield of ferric p-toluenesulphinate was 8 grams [Found : 
Fe = 10-6. (CH,°C,H,SO,),Fe requires Fe = 10-74 per cent.]. 
The yield of the crude o-toluenediazo-p-toluenesulphinate (m. p. 
74° with decomposition) was 11 grams, the theoretical yield being 
13-7 grams. On recrystallisation from alcohol, it formed deep 
yellow needles and melted at 95° (Found: N = 10-26. 

CH,°C,H,°SO,°N-N-C,H,-CH, 
requires N = 10-22 per cent.). 
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Action of m-Toluenediazonium Chloride on p-Toluenesulphonamide, 


The same quantities were used as in the previous experiment. 
The yield of pure m-tolylazoimide was 11 grams (b. p. 92°5° at 31 
mm.), that of ferric p-toluenesulphinate 8-5 grams (Found: Fe = 
10-65 per cent.), and that of the crude diazo-sulphinate (m. p. 
62—66°) 11-5 grams. The last, on recrystallisation from alcohol, 
formed bright yellow needles, m. p. 722—73° (Found: N = 10°16 
per cent.). 


Action of p-Toluenediazonium Chloride on p-Toluenesulphonamide. 


The same quantities were used. The yield of pure p-tolylazo- 
imide (b. p. 93° at 32 mm.) was 10 grams. It has a characteristic 
aniseed smell. The yield of ferric p-toluenesulphinate was 8 grams 
(Found : Fe = 10°7 per cent.), and that of the crude diazo-sulphinate 
(m. p. 96—99°) was 12 grams. The latter, on recrystallisation 
from alcohol, formed bright yellow needles which melted at 100° 
with decomposition (Found : N = 10-59 per cent.). 


Action of p-Chlorobenzenediazonium Chloride on p-Toluene- 
sulphonamide. 


The yellow, crystalline precipitate formed on the addition of 
p-chlorobenzenediazonium chloride (made from 12-7 grams of 
p-chloroaniline) to the solution of the sulphonamide decomposed 
very slowly with the separation of an oil. After remaining over- 
night, the mixture was extracted with ether and the extract purified 
as before. The yield of p-chlorophenylazoimide (b. p. 90—91° at 
15 mm.) was 8 grams, the calculated yield being 15 grams. The 
aqueous portion was divided into two equal parts and treated as 
before. The yield of ferric p-toluenesulphinate was 5 grams 
(Found: Fe = 10-67 per cent.), that of the crude p-chlorobenzene- 
diazo-p-toluenesulphinate, m. p. 112—117°, was 8 grams, the 
calculated yield being 14:7 grams. The latter, on recrystallisation 
from alcohol, formed golden-yellow plates, m. p. 118° with decom- 
position (Found: N= 9-7 per cent. CH,°C,H,-SO,-N:N-C,H,C 
requires N = 9-5 per cent.). 


Action of Benzenediazonium Chloride on Benzenesulphonamide. 


In this and the following experiments 15-7 grams of the sul- 
phonamide were dissolved in alcoholic potassium hydroxide, and 
the aqueous solution was prepared as before. Molecular quantities 
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of the various diazo-salts were used. With benzenediazonium 
chloride, the yield of pure phenylazoimide was 8 grams. The 
aqueous portion was also treated as before. The yield of ferric 
benzenesulphinate was 7 grams, the calculated yield being 8 grams 
(Found: Fe = 11-48. Cale., Fe = 11-69 per cent.). The free 
sulphinic acid obtained from it melted at 83—84° (‘Thomas gives 
m. p. 85°; loc. cit.). 

The yield of the crude benzenediazobenzenesulphinate was 12 
grams, the theoretical yield being 14-7 grams. On recrystallisation 
from dilute alcohol, it formed orange plates which melted at 75—76° 
with decomposition (Kénigs gives m. p. 75—76°; loc. cit.) (Found : 
C = 58:37; N=11-8. Calce., C = 58-54; N = 11-38 per cent.). 
On reduction with zinc dust and acetic acid, it gave the dihydro- 
derivative, which, on recrystallisation from alcohol, formed colour- 
less needles and melted at 158° (Kénigs gives m. p. 148°) (Found : 
N= 11-7. Cale., N = 11-3 per cent.). 


Action of 0-Toluenediazonium Chloride on Benzenesulphonamide. 


The yield of pure o-tolylazoimide was 10 grams, that of ferric 
benzenesulphinate 6-5 grams (Found: Fe = 11-47 per cent.), and 
that of the crude o-toluenediazobenzenesulphinate 9-6 grams, the 
calculated yield being 13 grams. The last, on recrystallisation from 
alcohol, formed salmon-coloured, small prisms which melted with 
decomposition at 59—60° (Found: N = 10-6. CH,°C,H,°N-N-SO,Ph 
requires N = 10-77 per cent.). 


Action of m-Toluenediazonium Chloride on Benzenesulphonamide. 


The yield of pure m-tolylazoimide, b. p. 78° at 14 mm., was 
9 grams, that of ferric benzenesulphinate 6-4 grams (Found : 
Fe = 11-48 per cent.), and that of the crude diazo-sulphinate 9-6 
grams. The last, on récrystallisation from alcohol, formed yellow 
prisms which melted at 58° with decomposition (Found : N = 10-78 
per cent.). 


Action of p-Toluenediazonium Chloride on Benzenesulphonamide. 


The yield of pure p-tolylazoimide was 9 grams, that of ferric 
benzenesulphinate 5-6 grams (Found: Fe = 11-48 per cent.), and 
that of the diazo-sulphinate 9-2 grams. The last, on recrystallisa- 
tion from alcohol, formed golden-yellow prisms which melted 
at 85—86° with decomposition (Found: N =10-8 per cent.); 
Hantzsch and Singer give m. p. 90° (loc. cit.). 

4B*2 
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Action of p-Chlorobenzenediazonium Chloride on Benzene- 
sulphonamide. 


The yellow, crystalline diazoamine formed in this experiment 
appeared to be rather stable. After stirring for two hours, it was 
filtered, washed, and dried. It melted indefinitely at about 85° 
(Found: N = 14-41. SO,Ph-NH-N:N-C,H,Cl requires N = 14-2] 
per cent.). 

In another experiment, the reaction mixture was stirred for 
two days, when an oily liquid separated, which was extracted and 
purified in the usual way. The yield of pure p-chlorophenylazoimide 
was 7 grams. The aqueous portion was divided into two equal parts 
and treated as before. The yield of ferric benzenesulphinate was 
5 grams, and that of the crude diazo-sulphinate 7 grams, the 
theoretical yield of the latter being 14 grams. On recrystallisation 
from alcohol, it formed deep yellow prisms, m. p. 106° with decom- 
position; Hantzsch and Singer give m. p. 102—103° (Found: 
N= 10-2. Cale., N = 9-98 per cent.). 


In conclusion, we wish to express our thanks to Professor J. B. 
Cohen, F.R.S., for valuable criticism and to the Research Fund 
Committee of the Chemical Society for a grant which has partly 
defrayed the expenses of this investigation. 


THe OrGaAnic CHEMICAL LABORATORIES, 
THe University, LEEDs. [Received, September 10th, 1921.] 


CCXLIT.—The Optically Active Forms of the Keto- 
dilactone of Benzophenone-2: 4: 2’ : 4'-tetracarb- 
oxylic Acid. 


By Witt1am Hosson Mitits and CHARLES REYNOLDS NoDDER. 


IN a preliminary communication (T., 1920, 117, 1407) we described 
the resolution of the keto-dilactone of benzophenone-2 : 4 : 2’: 4- 
tetracarboxylic acid (I) into optically active components, by which 
an experimental demonstration was given of a previously unrealised 
type of molecular asymmetry associated with spirocyclic consti- 


tution.* 


* Leuchs and Gieseler have, however, shown (Ber., 1912, 45, 2114) that 
bis-3-bromo-y-valerolactone-aa-spirane, which contains two similarly situated 
asymmetric carbon atoms as well as the spirane carbon atom, exists in three 
optically inactive forms. 


BENZOPHENONE-2 : 4: 2’ : 4’-TETRACARBOXYLIC ACID. 2095 


(II.) 

Like methylcyclohexylideneacetic acid (Perkin, Pope, and Wallach, 
T., 1909, 95, 1789), 4-oximinocyclohexanecarboxylic acid (Mills and 
Bain, T., 1910, 97, 1866), d- and J-inositol (Maquenne, Ann. Chim. 
Phys., 1893, [vi], 29, 271; Tanret, Compt. rend., 1899, 109, 908) 
and triethylenediaminecobaltic bromide (Werner, Ber., 1912, 45, 
121) and certain analogous co-ordination compounds, this substance 
affords an example of an optically active compound which contains 
no asymmetric atom in the ordinary sense. 

As regards its chemical structure, the compound is highly sym- 
metrical; the molecule is divisible at the central spirane carbon 
atom into two identical halves. The molecular asymmetry is due to 
the fact that these two halves lie in planes which intersect—accord- 
ing to the theory of van’t Hoff, at right angles—so that the molecule 
possesses as its sole element of symmetry a binary axis of the first 
order AA’ and is therefore non-superposable on its mirror image 
(in the diagram Ar represents the aromatic residue C,H,°CO,H). 
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The relationship between the two enantiomorphous forms is 
somewhat similar to that between a right-handed, two-bladed 
screw propeller and its left-handed analogue. 

Benzophenonetetracarboxylic acid (Mills, Proc. Camb. Phil. Soc., 
1915, 18, 149), from which the active keto-dilactonic acids are 
derived, was obtained by the oxidation of di-m-xylyl ketone. Since 
the latter compound was prepared by the condensation of m-xylene 
with carbonyl chloride, there can be little doubt that it possesses 
the formula II, and therefore that benzophenonetetracarboxylic 
acid and its keto-dilactone have the constitutions III and I. An 
experimental proof of the correctness of these formule is given 
below. 

The oxidation of the ketone was carried out in two stages. By 
prolonged boiling with dilute nitric acid a mixture of acids was 
obtained which apparently consisted chiefly of dibasic acids. These 
were then oxidised to the tetrabasic acid with potassium perman- 
ganate. The conversion of the easily soluble tetrabasic acid into 
its sparingly soluble keto-dilactone was readily effected by heating 
with hydrochloric acid. The keto-dilactonic acid melts at 409°. 

We have now carried out the resolution of the keto-dilactonic 
acid with considerably larger quantities of material than before, 
and have obtained both the dextro- and the levo-form in what we 
believe to be a state of optical purity. Phenylethylamine was 
again employed for the resolution. The enantiomeric forms of this 
substance are probably the most readily accessible of the synthetic 
optically active bases (Lovén, J. pr. Chem., 1905, [ii], 72, 307), and 
may prove of service for the resolution of acids in many other cases 
where the natural alkaloids fail. To obtain the d-acid, the inactive 
acid was combined in the cold with the equivalent quantity of the 
l-base under such conditions that a little more than half the total 
quantity of salt crystallised. This was decomposed in the cold 
with hydrochloric acid, and the liberated acid was combined again 
in the same way with more l/-base, and the process was repeated 
seven times. This method was employed because it involved no 
elevation of temperature, for the lactone rings are rather readily 
opened. 

The J-acid was isolated by combining the inactive acid with 
d-phenylethylamine and recrystallising the salt repeatedly from 
methyl alcohol and ether until it gave an acid of constant specific 
rotation. In spite of the warming required this method of resolu- 
tion is at least as effective as the other. 

The specific rotation of the active keto-dilactonic acids in methyl 
ethyl ketone solution was found to be comparatively low and to 
vary considerably with the concentration, being greater in more 
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concentrated solutions. For the d-acid was found [«], 19-5° at a 
concentration of 7-76 grams per 100 c.c., and for the l-acid at the 
same concentration (by interpolation) [«], — 19-53°. It has 
already been stated (T., 1920, 117, 1409) that the solubility of the 
optically active modifications in methyl ethyl ketone is much 
greater than that of the inactive acid, as is strikingly shown by 
the abundant precipitate of the inactive acid which is immediately 
formed when strong solutions of the d- and l-acids are mixed. This 
shows that the inactive acid is a racemic substance. The /-acid 
melts at 407°. The melting point of the active form is thus 2° lower 
than that of the racemic acid. 

Treatment of the compound with excess of alkali very rapidly 
opens the keto-dilactonic rings, and in consequence the rotatory 
power of the active modifications disappears completely when they 
are dissolved in sodium hydroxide solution. Even in the presence 
of sodium hydrogen carbonate the rotatory power gradually falls to 
zero. The specific rotation of the sodium salt in aqueous solution 
is in the opposite sense to that of the free keto-dilactonic acid in 
methyl ethyl ketone and has a much smaller value. 

We have also resolved the lactone of benzhydrol-2 : 4: 2’: 4’- 
tetracarboxylic acid (IV) and have investigated its oxidation to 


CO,H 


Ooi 


H—C—OH 
H 
(IV.) oy () (V.) 
WA 


N 

6O,H CO,H 
find whether the optically active keto-dilactonic acid could be 
produced in this manner. The inactive lactonic acid was obtained 
by dissolving the keto-dilactonic acid in excess of ammonia and 
reducing with zinc dust. The benzhydroltetracarboxylic acid 
thus produced is transformed into its lactone with the greatest 
readiness when set free from its salts. The lactonic acid was 
resolved by means of brucine. From an alcoholic solution of 
equivalent quantities of the acid and brucine the brucine salt of the 
Lacid crystallised out very slowly, and on decomposition gave an 
acid showing the specific rotation [«], — 258° in methyl ethyl ketone 
solution. The specific rotation of this compound, which contains 
an ordinary asymmetric carbon atom, is thus very much higher 
than that of the chemically closely related but centro-asymmetric 
keto-dilactonic acid. 
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It was found that the oxidation to the keto-dilactonic acid could 
be effected by chromic acid in glacial acetic acid solution. However, 
the product obtained from the optically active lactonic acid proved 
to be inactive. This is not surprising, for since the reaction involves 
the oxidation of a hydrogen atom attached to the asymmetric 
carbon atom, the change would be expected to be associated with 
much racemisation. 

The optically active lactonic acid loses its activity completely when 
dissolved in excess of sodium hydroxide solution, showing that when 
the lactone ring is opened the central carbon atom ceases to be 
asymmetric. This fact is important, because it allows the conclusion 
to be drawn that in benzhydroltetracarboxylic acid (V), and con- 
sequently also in benzophenonetetracarboxylic acid, the two 
residues, *CgH,(CO,H),, are alike; and when this is established the 
constitution of the two acids becomes comparatively easy to 
determine. For when benzophenonetetracarboxylic acid is fused 
with sodium hydroxide, it undergoes hydrolysis, giving a mixture 
of two acids. The less soluble of these was readily identified as 
isophthalic acid. The more soluble had the composition of a 
benzenetricarboxylic acid, C,H,(CO,H),, and when heated gave an 
anhydride, C,H,(C,0,)*CO,H. It was therefore either hemimellitic 
or trimellitic acid. The melting point of the acid was 228—230° 
and of the anhydride 159—162°. These are the melting points of 
trimellitic acid and of its anhydride.* The more soluble acid was 
accordingly trimellitic acid. Hence the hydrolysis must proceed 
in accordance with the equation : 


COC CO-CgH,(COzH), + H,0 = 
CO,H 
CO, Sco,H + C,H,(CO,H), 
CO,H 

for, since benzophenonetetracarboxylic acid was prepared from 
m-xylene, the two carboxyl groups attached to each nucleus in the 
molecule of this acid must be in the meta-position to one another. 

The constitution of one half of the molecule is thus fixed and, 


since the two halves have been shown to be alike, the constitution 
II assigned to the acid is therefore established. 


ExPERIMENTAL. 


Di-m-xylyl Ketone—The preparation of a dixylyl ketone by 
leading carbonyl chloride into cooled “ xylol” and treating the 


* Hemimellitic acid melts at 190° and its anhydride at 196°. 
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solution with aluminium chloride was briefly described by Ador 
and Rilliet (Ber., 1878, 11, 399); we have, however, been able to 
find no record in the literature of the preparation of pure di-m-xylyl 
ketone. It can be readily obtained in the following manner. 
Liquid carbonyl chloride (14-25 c.c.) is allowed to evaporate slowly 
into a mixture of m-xylene (50 grams), carbon disulphide (120 c.c.), 
and aluminium chloride (63 grams) cooled in ice. The greater 
part of the aluminium chloride dissolves and the liquid separates 
into two layers, the lower of which is dark coloured and contains the 
aluminium chloride compound of the ketone. After forty-eight 
hours, the mixture is poured on to ice. The aqueous layer is 
separated, the lower layer, which consists of a carbon disulphide 
solution of the product, is added to dilute hydrochloric acid, and 
a current of steam is led in to remove the carbon disulphide and 
unchanged m-xylene and decompose traces of xyloyl chloride. 
The crude ketone which remains is dissolved in ether and after 
washing with alkali, drying, and removal of the ether, is distilled 
under diminished pressure. At 17 mm. nearly the whole distils 
at 200—201° (Found: C = 85-6; H=7-7. (C,,H,,0 requires 
C= 8-7; H=7-5 per cent.). The yield of pure ketone is about 
70 per cent. of the m-xylene taken. 

Keto-dilactone of Benzophenone-2 : 4 : 2’ : 4’-tetracarboxylic Acid.— 
The ketone (10 grams) was boiled with dilute nitric acid (120 c.c.) 
obtained by mixing the concentrated acid (d 1-42) with 6 volumes 
of water. The boiling was continued until the greater part of the 
oil had become soluble in aqueous sodium carbonate solution. The 
rate of oxidation varied considerably in different experiments, but 
usually two to three days’ boiling was required. The product was 
a faintly yellow oil which solidified on cooling. It was dissolved 
in ether and the acids which had been formed were extracted from 
the ethereal solution with aqueous sodium carbonate solution. 
These contained a certain amount of nitro-acids which it was 
essential to remove. This was done by reduction with ferrous 
hydroxide. A solution of the acids in an excess of sodium hydroxide 
was added to a solution of ferrous sulphate, containing 10 grams of 
the crystallised salt for the acids from each 10 grams of ketone, and 
the mixture was digested for five hours on the water-bath. After 
cooling, it was acidified with hydrochloric acid and the precipitated 
acids were taken upinether. On titration of the acids thus obtained, 
the volume of normal alkali required to neutralise 1 gram was found 
to range from 6-22 c.c. to 7-22 c.c., the average being 6-8 c.c. For 
| gram of an acid formed by the conversion of two of the methyl 
groups of dixylyl ketone into carboxyl groups the volume of normal 
alkali required would be 6-71 ¢.c. It would appear, therefore, 


2100 MILLS AND NODDER: THE KETO-DILACTONE OF 


that the oxidation with dilute nitric acid leads to the formation 
chiefly of such dibasic acids. 

As the product was presumably a mixture, it was not further 
investigated, but was at once oxidised to the tetrabasic acid with 
potassium permanganate. From the alkali equivalent the quantity 
of permanganate required for the oxidation was calculated, and an 
amount 10 per cent. in excess of this was added in 5 per cent. solution 
to the boiling solution of the acids in potassium hydroxide. The 
permanganate was added in small quantities until decolorisation 
became slow. The remainder was then added all at once and the 
mixture gently boiled for six hours. The tetrabasic acid is a com- 
paratively soluble compound which is precipitated by hydrochloric 
acid as a viscid oil from not too weak solutions of its salts. Addition 
of excess of hydrochloric acid salts out more of the acid, but the 
precipitate dissolves again on warming. If this solution is now 
heated to boiling, the keto-dilactonic acid separates gradually as a 
colourless, dense, crystalline powder. The filtrate from the man- 
ganese dioxide was therefore concentrated, strongly acidified with 
hydrochloric acid, and heated on the water-bath until the separation 
of the keto-dilactonic acid was complete. The yield is fairly 
satisfactory. For example, in one series of experiments, 30 grams 
of the keto-dilactonic acid were obtained from 34 grams of dixylyl 
ketone. 

The compound is exceedingly sparingly soluble in most of the 
common solvents, acetone and methyl ethyl ketone being those by 
which it is most readily dissolved. Small quantities can be recrystal- 
lised from boiling glacial acetic acid. The melting point observed 
with a mercury thermometer immersed to the zero mark in a bath 
of mixed sodium and potassium nitrates was 390°. The corrected 
value is 409° (Found: C= 598; H= 2-5. C,,H,O, requires 
C = 60:0; H = 2-4 per cent.). The compound dissolves in cold 
sodium hydrogen carbonate solution without the lactone rings being 
opened to any great extent, and is immediately reprecipitated 
when the solution is acidified. If the solution in sodium hydrogen 
carbonate, however, has been boiled, or if the substance has been 
dissolved in sodium hydroxide solution, the lactone rings are 
opened and on acidification no precipitate, or in stronger solutions 
an amorphous precipitate of the tetrabasic acid, is obtained. 

The following derivatives of the keto-dilactonic acid illustrate 
the stability of the keto-dilactonic group. For assistance with the 
preparation and investigation of these our thanks are due to Mr. 
A. F. R. Evans. 


The Acid Chloride, C10C-C,H;,——C——-C,H,-COCI.—The 
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keto-dilactonic acid (15 grams) was moistened with phosphoryl 
chloride and heated for three hours at 100—120° with phosphorus 
pentachloride (19-2 grams). The phosphoryl chloride was removed 
by distillation under diminished pressure, and the residue crystallised 
from toluene. The compound consists of colourless needles melting 
at 187° (Found: Cl = 18-86. C,,H,O,Cl, requires Cl = 18-83 
per cent.). 
/CO, CO. 

The Ethyl Ester, CO,Et-C,H, C C,H,°CO,Et.—A solu- 
tion of the acid chloride in benzene was heated with excess of 
absolute alcohol. The ester was deposited on cooling, and after 
recrystallisation from alcohol and benzene melted at 215—217°. 
It is rather sparingly soluble in hot alcohol or acetone; it dissolves 
much more readily in benzene (Found: C = 63-7; H = 4-0. 
C,,H,,0, requires C = 63-6; H = 4-0 per cent.). 


Resolution of the Keto-dilactonic Acid. 


The d-Keto-dilactonic Acid.—The keto-dilactonic acid (8-43 grams) 
was suspended in methyl alcohol (100 c.c.) and a solution of [-«- 
phenylethylamine (6-0 grams), of specific rotation [«]j;* — 40-4°, 
in methyl alcohol (5 c.c.) was added drop by drop. When all the 


base had been introduced, dry ether (105 c.c. )was added. After 
stirring for ten minutes, the crystalline salt was collected. It 
weighed 8-5 grams. The keto-dilactonic acid was then liberated by 
digesting with dilute hydrochloric acid (d 1-08). After careful 
washing with water, it was dried, and weighed 4-9 grams. This acid 
was again combined with the /-base as before and the whole process 
was repeated a number of times. After the fourth salt-formation 
the keto-dilactonic acid gave the following data when polarimetrically 
examined in methyl ethyl ketone solution; 1-617 grams in 13-1 c.c. 
gave aj® + 455° (l= 2), whence [a] + 184°. After a fifth 
salt-formation, 1-0153 grams in 13-1 c.c. gave aj} + 2-95° (1 = 2), 
whence [«]}7 + 19-03°. After the acid had been subjected to a 
seventh salt-formation, the salt was recrystallised from hot methyl 
alcohol with subsequent addition of ether. The liberated acid 
(0-5181 gram) in 6-68 c.c. of methyl ethyl ketone gave aj + 1-51° 
(t= 1), whence [«]}* + 19-5°. This value agrees with that of the 
optically pure l-acid. 

The |\-Keto-dilactonic Acid.—The keto-dilactonic acid (18-4 grams) 
was suspended in methyl alcohol (180 c.c.) and a solution of d-«- 
phenylethylamine (13-1 grams), of specific rotation [«]>* + 40-4°, 
in methyl alcohol (20 c.c.) was added drop by drop. After all the 
base had been introduced, anhydrous ether (160 c.c.) was added. 
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Stirring was continued for fifteen minutes. The salt thus obtained 
(16-6 grams) was recrystallised from methyl alcohol (350 c.c.) and 
ether (550 c.c.). The weight of the recrystallised salt was 7-0 
grams. After two further recrystallisations from methyl alcohol 
and ether, 4-8 grams of salt were obtained. Of this 1-8 grams were 
decomposed with dilute hydrochloric acid and the resulting acid 
was examined in the polarimeter; 1-05 grams in 13-1 c.c. of methyl 
ethyl ketone gave «aj — 3-15° (l= 2), whence [«]i} — 19-65°. 
The remainder of the salt (3 grams) was again crystallised from 
methyl alcohol (80 c.c.) and ether (200 c.c.). Of the resulting 2-4 
grams, 1-9 grams were decomposed. The acid obtained (1-05 
grams) in 13-1 c.c. of methyl ethyl ketone gave aj} — 3-15° (l = 2), 
whence [«]i? — 19-65°. A fourth recrystallisation of the salt had 
failed therefore to produce any further rise in optical rotatory 
power, and it was concluded that the optically pure J-acid had been 
obtained. 

The specific rotation in methyl ethyl ketone solution varies 
considerably with the concentration. This is shown by the 
following observations on the pure /-acid. 


1-48 grams in 13-1 c.c. gave «j} — 4-62° (1 = 2), 
whence [«]}} — 20-44°. 

0-45 gram in 13-1 c.c. gave aj} — 1-22° (1 = 2), 
whence [«]j} — 17-76°. 


The /-acid melts at 407° (corrected). 

Action of Sodium Hydrogen Carbonate.—The effect of a solution of 
sodium hydrogen carbonate on the active acid was examined in 
order to investigate the stability of the keto-dilactonic rings towards 
this reagent. The pure levo-acid (0-452 gram) was dissolved in a 
solution of sodium hydrogen carbonate (0-82 gram, that is, rather 
more than three and a half times the equivalent quantity) and the 
solution was diluted to a volume of 13-1 c.c. and examined in the 
polarimeter as rapidly as possible. The observed rotation was 
ap +0-18° (J/=2). Thus the lacid gave a dextrorotatory 
sodium salt. After one hour, the same solution showed «j* + 0-10° 
(t= 2). After eighteen hours, the activity had disappeared. 


Lactone of Benzhydrol-2 : 4 : 2’ : 4'-tetracarboxylic Acid. 


CO,H-C,H; ——CH-C,H,(CO,H)>. 


This compound was prepared by reducing the keto-dilactonic 
acid with zinc dust and ammonia. The keto-dilactonic acid (4 
grams) was dissolved in aqueous ammonia, d 0:88 (40 c.c.), and zinc 
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dust (12 grams) was added in three portions at intervals of twenty 
minutes while the mixture was heated on the water-bath. The 
precipitate obtained by acidifying the filtrate from the excess of 
zinc dust was crystallised from 60 per cent. acetic acid. The keto- 
dilactonic acid can also be readily reduced to the lactonic acid by 
suspending it in 50 per cent. acetic acid and heating with excess 
of zine dust. The lactonic acid crystallises in slender needles 
melting at 309—311° (Found: C= 59-4; H=3-1. C,,H 0, 
requires C = 59-6; H = 2-9 per cent.). When a solution of the 
lactonic acid in aqueous sodium hydroxide solution is acidified with 
dilute sulphuric acid, no precipitate appears at first; after a short 
time, however, a gradual deposition of the lactonic acid begins, the 
separation being greatly accelerated by heating the solution. 

Resolution of the Lactonic Acid.—The acid (5-13 grams) and 
anhydrous brucine (7 grams) were dissolved in rectified spirit 
(1200 c.c.) and the solution was inoculated with crystals of the salt 
which had been obtained previously. The liquid was allowed to 
evaporate slowly for six weeks; its volume had then become reduced 
to about one half and a crop of crystals of brucine salt had been 
deposited. By decomposition of this salt with dilute hydrochloric acid 
(d 1-08) and careful removal of the brucine, 2-65 grams of lactonic 
acid were obtained, which proved to be strongly levorotatory. 

0-3046 Gram in 13-1 c.c. of methyl ethyl ketone gave aj} — 11-97° 
(/ = 2), whence [«]} — 258°. 

0-2 Gram in 30 c.c. of acetone gave «|} — 6-13° (1 = 4), whence 
(«}p> — 229-9°. 

This J-acid (0-3 gram) was dissolved in dilute aqueous sodium 
hydroxide solution (13-1 ¢.c.) and examined in the polarimeter. 
No trace of optical activity could be observed. The /-lactonic acid 
is much more soluble in alcohol than the inactive form. It crystal- — 
lises from 50 per cent. alcohol in hemispherical aggregates of small 
needles. The acid recovered from the mother-liquor from which 
the brucine salt had crystallised showed a small dextrorotation. 


Fusion of the Keto-dilactonic Acid with Potassium Hydroxide. 


The keto-dilactonic acid (3 grams) was dissolved in a little aqueous 
potassium hydroxide solution, and added to solid potassium hydr- 
oxide (40 grams), and the mixture was heated at 280—285° for 
three hours. When cold, the melt was dissolved in water, dilute 
sulphuric acid was added so as to leave the liquid slightly alkaline, 
and the precipitated potassium sulphate was removed. The 
filtrate was then acidified, when a sparingly soluble acid was pre- 
cipitated, the weight of which, after recrystallisation from dilute 
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alcohol, was 1-1 grams. This was shown to be isophthalic acid. 
After purification by distillation and further recrystallisation, it 
melted at 324° (uncorr.), and a specimen of pure isophthalic acid 
prepared by the oxidation of m-xylene, as well as a mixture of the 
two preparations, melted at the same temperature. The equivalent 
was found to be 83-8 (calc., 83). The methyl ester, prepared by 
heating the acid with methyl alcohol and sulphuric acid, melted at 
62-5° (the ester apparently contained a trace of a less soluble impurity 
and the melting point was not raised by repeated crystallisation). 
The melting point of a mixture of this ester with pure methyl iso- 
phthalate, which melts at 63—64°, was 62-5°. 

Trimellitic Acid.—The filtrate from the crude isophthalic acid 
was saturated with ammonium sulphate and extracted three times 
with ether. By evaporation of the ether an acid was obtained which 
was readily soluble in water. To separate from traces of isophthalic 
acid this was converted into its barium salt (barium isophthalate is 
easily soluble in water) by heating its solution in dilute ammonia 
with barium chloride. The barium salt was slowly deposited from 
the hot solution. It was collected, redissolved in dilute hydro- 
chloric acid, and reprecipitated by heating after neutralising with 
ammonia. The acid was isolated from the barium salt by dis- 
solving in hydrochloric acid and extracting with ether. The acid 
thus obtained weighed 0-85 gram, the purification through the 
barium salt being attended with considerable loss. It was re- 
crystallised by dissolving in hot water (3 c.c.) and adding concen- 
trated hydrochloric acid (4-5 c.c.) (Found: C = 51:24; H = 3-1. 
Cale., C = 51-4; H = 2-9 per cent.). 

The acid melted at 228—230°. Ekstrand gives 228° as the 
melting point of trimellitic acid (J. pr. Chem., 1891, [ii], 43, 429), 
Baeyer (Ber., 1899, 32, 2445) gives 224—225°. 

Trimellitic Anhydride—The acid was heated in a bath at 210— 
220° under diminished pressure (2 mm.), when the anhydride 
sublimed (Found: C=560; H=2-2. Cale., C= 56-25; 
H = 2-0 per cent.). It melted at 159—162°. Baeyer (Annalen, 
1873, 166, 341) gives 157—158° as the melting point of trimellitic 
anhydride, and Schultze (Annalen, 1908, 359, 142) gives 162-5— 
163-5°. 


One of us (C. R. N.) is indebted to the Department of Scientific 
and Industrial Research for a grant, for which he desires to express 
his thanks. 
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CCXLITI.—Production of Picric Acid from the 
Sulphonic Acids of Phenol. 


By Ruts Kine. 


THE preparation of picric acid from phenol by the successive action 
of sulphuric and nitric acids has engaged a considerable amount of 
attention. Since better yields of picric acid are usually produced 
when an amount of sulphuric acid is employed sufficient to give a 
very considerable ‘proportion of phenol-2 : 4-disulphonic acid, the 
view that the formation of this acid is necessary before proceeding 
to nitration has been accepted in many quarters as correct. 

That the certainty of a good yield is increased by the disulphona- 
tion of phenol has been confirmed by Marqueyrol, Carré, and Loriette 
(Bull. Soc. chim., 1920, [iv], 27, 143), but the fact remains that in 
some manufacturing processes good yields are obtained from 
mixtures containing a considerable amount of phenol-4-sulphonic 
acid, so that evidently high sulphonation is not the only factor 
which comes into play. Phenol-4-sulphonic acid can give yields 
up to 79 per cent. of the theoretical, if nitrated in presence of a 
large excess of concentrated sulphuric acid, whilst 2-nitrophenol- 
4-sulphonic acid will give a yield up to 83 per cent. of that theoretic- 
ally obtainable if nitrated in presence of sufficient sulphuric acid. 

In the case of phenol-2 : 4-disulphonic acid, nitrolysis of the 
p-sulpho-group is preferred; if 6-nitrophenol-2 : 4-disulphonic acid 
is subjected to nitrolysis, the sulpho-group in position 4 is preferen- 
tially replaced and 4 : 6-dinitrophenol-2-sulphonic acid first formed. 


OH OH 
NO,( 80, pot a 3 is 
be “pe 
SO,H NO, 
This result is complementary to that of Marqueyrol, Carré, and 
Loriette (loc. cii.), who found that picric acid is produced more 
rapidly from 2 : 6-dinitrophenol-4-sulphonic acid than from the 
isomeric 2 : 4-dinitrophenol-6-sulphonic acid. The present author 
has also obtained excellent yields of picric acid by the nitrolysis 
of 2: 6-dinitrophenol-4-sulphonic acid, a very small amount of 
oxalic acid being produced at the same time. 2-Nitrophenol-4- 
sulphonic acid gives more oxalic acid under the same conditions ; 
even greater amounts are formed from phenol-4-sulphonic acid, 
but the quantity obtained is dependent largely on the concentra- 
tion of the sulphuric acid; the greater this is, the smaller is the 
quantity of oxalic acid produced. 
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To obviate formation of oxalic acid and dinitrophenol, the latter 
of which shows great resistance to further nitration by diluted acids, 
it is essential to monosulphonate the phenol in position 4, and 
desirable to introduce a second sulpho-group in position 2, or, 
alternatively, to nitrate the phenol-4-sulphonic acid in presence 
of a considerable excess of sulphuric acid. Phenol-2 : 4 : 6-trisul- 
phonic acid is prepared only by very drastic sulphonation; the 
amount in an ordinary sulphonation mixture is consequently 
negligible. 

In studying the manufacture of picric acid from phenol by the 
usual process of successive sulphonation, dilution, and nitration, 
the following facts must be considered. 

1. The sulphonation mixture consists almost entirely of phenol- 
4-sulphonic acid, phenol-2 : 4-disulphonic acid, and an excess of 
concentrated sulphuric acid. 

2. When nitric acid acts on a phenolsulphonic acid in presence of 
excess of concentrated sulphuric acid, hydrogen of the nucleus is 
replaced by the nitro-group. 

3. In presence of dilute sulphuric acid, sulpho-groups are replaced 
by the nitro-group. 

4. In dilute acid solution, nitric acid exerts an oxidising action 
resulting in the formation of oxalic acid; this is the more marked 
as the phenol nucleus is less protected by substituents. 

The author bases the views expressed above on a study of the 
action of diluted nitric acid in presence of sulphuric acid on the 
following compounds. 


(a) Phenol-4-sulphonie acid. 

(6) Phenol-2 : 4-disulphonic acid. 

(c) 2-Nitrophenol-4-sulphonic acid. 

(d) 4-Nitrophenol-2-sulphonie acid. 

(e) 2 : 6-Dinitrophenol-4-sulphonic acid. 
(f) 4: 6-Dinitrophenol-2-sulphonic acid. 
(g) 6-Nitrophenol-2 : 4-disulphonic acid. 


Since the formation of phenol-2-sulphonic acid, phenol-2 : 6- 
disulphonic acid and phenol-2 : 4: 6-trisulphonic acid in the sul- 
phonation mixture is negligible, neither their nitration nor that of 
4-nitrophenol-2 : 6-disulphonic acid has been studied. 


EXPERIMENTAL. 
(a) Phenol-4-sulphonic Acid. 


This acid (Kekulé, Zeitsch. Chem., 1867, 199; Ber., 1869, 2, 330; 
Post, Annalen, 1880, 205, 64) was used in the form of its pure 


at Me On 2 6.8 RO be 
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crystallised sodium salt; the formula assigned to it by Shadwell 
(Jahresb., 1881, 874) was controlled (Found : H,O = 15-8; Na=11°4. 
C,H,0,SNa,2H,O requires H,O = 15-5; Na = 11-7 per cent.). 

Weighed amounts of the salt, sulphuric acid, and water were 
treated with a known amount of nitric acid, the latter being added 
slowly, as the reaction is apt to be violent when much sulphuric 
acid is present. 

All the solutions turned red. They were cooled and kept over- 
night. By next morning all had retained their red colour, whilst 
a reddish-brown solid floated on the surface, with the exception 
of mixtures 1 and 2 (see below), in which a yellow solid had also 
been deposited. 

The mixtures were then heated for eight hours at 100°; oil 
separated in mixtures 4, 5, 6, and 7, this separation being more 
marked and disappearing more slowly the lower the concentration 
of the sulphuric acid. It was noticed that, after cooling, mixtures 
1 and 2 retained a red tint, whilst mixtures 4, 5, 6, and 7 were pale 
yellow, this tint decreasing regularly as the ratio of water to sulphuric 
acid increased. 

The picric acid was filtered off, washed with 60 c.c. of water, 
dried to constant weight at 75°, and weighed, and the melting point 
was determined. 

No further yield of picric acid was obtained by after-nitration 
of the filtrate with 7 c.c. of nitric acid of 67 per cent. 

Nitric 
Sodium Sulphuric acid (67 


salt acid (95 per cent. ; Yield 
(0-1 mol.). per cent.). Water. 0°4mol.). Yield. per 

Expt. Grams. Grams. Grams. Grams. Grams. cent. M. p. 
1 23-2 j 39°9 ; 120-121° 

39°1 ‘ j 120 

40°3 . 120 

39°1 : , 120 
40°5 ‘ ' 118-120 
40 P 100-113 
40 , ‘3. below 92 


Separate experiments showed that more oxalic acid was produced 
in presence of dilute than of concentrated sulphuric acid. 


(6) Phenol-2 : 4-disulphonic Acid. 


The free acid is deliquescent (Griess, Annalen, 1866, 137, 69; 
Kekulé, Zeitsch. Chem., 1866, 693), but well-crystallised barium 
(Zingel, Jahresb., 1885, 1597) and sodium salts exist. Zingel 
describes the barium salt as crystallising with 4 molecules of water. 
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The metal content was checked in an anhydrous specimen (Found : 
Ba = 34-2. Cale., Ba = 35-2 per cent.). 

The Sodium Salt.—Direct preparation of this salt from a sulpho- 
nation mixture is usually an uncertain operation, but the following 
method gave good results: one hundred grams of phenol and 
400 grams of oleum (23 per cent.) were heated at 100° for three and 
a half hours and poured into a solution of 450 grams of sodium 
sulphate (Na,SO,,10H,O) in 500 c.c. of water at 32°. On the 
next day, the crystalline precipitate was collected, washed with a 
little water, and dried in the air. 

The product had a slightly brown tinge and weighed 200 grams; 
the weight of the anhydrous product, dried at 120°, was 180 grams 
(about 57 per cent. of the theoretical) (Found: Na = 14-97. 
Cale., Na = 15-43 per cent.). 

In several preparations, a colloidal mass was obtained in place 
of the well-defined crystals referred to above. The salt, when 
collected and dried, always gave results too low in sodium (Found : 
in different preparations, Na = 14-9, 13-6, 14-6 per cent.). 

Such results would be obtained if the phenoldisulphonic acid had 
condensed with itself to give a diphenolsulphonetrisulphonic acid, 
but sulphur estimations to confirm this supposition have not been 
carried out. 


That phenol-2: 4-disulphonic acid gives good yields of picric 
acid remarkably free from dinitrophenol, has been established by 
other workers (private communication from Dr. Clarence Smith; 
Marqueyrol, Carré, and Loriette, loc. cit.). 


(c) 2-Nitrophenol-4-sulphonic Acid. 


This acid has been previously described as crystallising with 
3H,O. Hydrated, it is said to melt at 51-5°; in the anhydrous 
condition, at 122°. It has been prepared by sulphonation of 
o-nitrophenol with fuming sulphuric acid (Kekulé, Zeitsch. Chem., 
1867, 64) and with chlorosulphonic acid (Armstrong, ibid., 1871, 
321; Mazurowska, J. pr. Chem., 1876, [ii], 13, 171), or by nitrating 
phenol-4-sulphonic acid (Kolbe and Graube, Annalen, 1868, 147, 
71; Kekulé, Ber., 1869, 2, 332; Korner, Jahresb., 1872, 605). 
It is also obtained by the action of potassium hydroxide on 
1-bromo-2-nitrobenzene-4-sulphonic acid (Goslich, Annalen, 1876, 
180, 105) and on 2-nitroaniline-4-sulphonic acid (Nietzki and 
Lerch, Ber., 1888, 21, 3221). 

The Sodium Salt.—This was very readily prepared by the follow- 
ing method: 120 grams of crystallised sodium phenol-4-sulphonate 
dissolved in 300 c.c. of hot water were treated with 72 c.c. of nitric 


FROM THE SULPHONIC ACIDS OF PHENOL. 2109 


acid (d 1-4) in the course of fifteen to twenty minutes, the tempera- 
ture during nitration being kept at about 60°. The reaction pro- 
ceeded quite smoothly and was accompanied by slight fuming, 
especially towards the end of the reaction. On cooling, an orange, 
crystalline salt separated. In one experiment, supersaturation 
was very noticeable. The salt was collected and washed with a 
little water; the crystals became paler in colour on drying. One 
hundred and twenty grams of the p-sulphonate gave 128 grams of 
sodium 2-nitrophenol-4-sulphonate (about 83 per cent. of the 
theoretical yield). After recrystallisation, the following figures 
were obtained on analysis (Found: H,O = 18-7; Na = 9-50. 
C,H,O,NSNa,3H,O requires H,O = 18-7; Na = 9-55 per cent.). 

In the preparation described, nearly two molecular proportions 
of nitric acid were employed for one of sodium phenolsulphonate. 
With a lower proportion of nitric acid (140 c.c.) to the phenol- 
sulphonate (300 grams), the yield was seriously reduced (150 grams). 

A further quantity was recovered by evaporation, but in an 
impure condition. On the other hand, attempts to increase the 
yield by the addition of more nitric acid after the first separation 
of salt led to the formation of 2: 4-dinitrophenol, so that it is 
obviously advisable to cool well and to recover as much of the 
nitrosulphonate as possible in the first instance. 

In an actual experiment in which 172-8 grams of the nitro- 
sulphonate were obtained from 250 grams of sodium phenolsul- 
phonate, an attempt was made to recover more of the nitrosul- 
phonate by adding a further 10 c.c. of nitric acid (d 1-4) to the 
filtrate and warming until fumes ceased to be evolved. A yellow 
solid separated on cooling, which was very slightly soluble in cold 
water and after recrystallisation from boiling water melted at 
112—113°. The melting point of the mixture with an authentic 
specimen of 2 : 4-dinitrophenol proved the identity of the compound, 
of which 20 grams were obtained. 

It is evident that the sodium 2-nitrophenol-4-sulphonate in the 
solution underwent nitrolysis by the treatment, according to the 
equation : 


OH OH 


Ve 
O™ + HNO, =( NO: + H,S0,. 
<< Pa 
SO,H NO, 
As will be seen later, 2 : 6-dinitrophenol-4-sulphonic acid may be 
obtained as the chief product of the reaction between 2-nitrophenol- 


4-sulphonic acid and dilute nitric acid, provided that an excess of 
sulphuric acid is present. 
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The Barium Salt——This was prepared by precipitating the solu- 
tion of the sodium salt with barium chloride; Kekulé’s formula, 
(C,H,O,NS),Ba,H,O, was confirmed. 

The Free Acid.—This is described in the literature as crystallising 
with three molecules of water. A convenient method of prepara- 
tion is to dissolve the barium salt (which can readily be obtained 
in a state of purity) in hot water, precipitate with the calculated 
amount of dilute sulphuric acid, remove the barium sulphate, and 
evaporate the filtrate. The residue is dissolved in a small quantity 
of water, filtered from any residual barium sulphate, and again 
concentrated. Care has to be taken in concentrating, as the acid 
is very soluble in water, and in the hydrated condition melts at 
49° (given as 51-5° in the literature). The hydrated acid forms 
long, pale yellow needles and dissolves in water with very marked 
absorption of heat. Titration (with phenolphthalein as the indi- 
cator) gave a molecular weight of 268; NO,*C,H,(OH)-SO,H,H,O 
requires M = 272. The end-point was difficult to determine on 
account of the colour of the sodium salt of the acid. 

Whilst phenol-4-sulphonic acid gives poor yields of picric acid of 
inferior quality when nitrated in presence of much water and little 
sulphuric acid, 2-nitrophenol-4-sulphonic acid gives much better 
results under the same conditions. In the following table, the 
results are given of the nitration of sodium 2-nitrophenol-4-sul- 
phonate (+ 3H,O), the amounts of water and sulphuric acid being 
varied. The procedure adopted was that described for sodium 
phenol-4-sulphonate. 


Nitration of 2-Nitrophenol-4-sulphonic Acid. 
(Heating at 100° for eight hours.) 
Nitric 
Sodium Sulphuric acid (67 


salt acid (94 per cent. ; 
(0°1l mol.). per cent.). Water. 0°32 mol.). Yield. 


Expt. Grams. Grams. Grams. Grams. Grams. 
29°5 61:2 18°5 


17°85 

18°2 ‘5 119-120 
19°1 3°5 120-121 
18°95 ‘6 119-120 
18°05 ‘8 118-119°5 


Comparison of experiments 6 and 7 of the two series shows very 
plainly the great improvement effected during nitrating in presence 
of small amounts of sulphuric acid when the molecule of the 
phenolsulphonate has been stabilised by the introduction of the 
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nitro-group. In this connexion, a pair of comparative experiments 
may be described. 

Ninety-four grams of phenol were sulphonated with 4 mols. of 
sulphuric acid (408-1 grams of 96-18 per cent.) to 187-3 per cent. 
sulphonation. Nitric acid (1-25 mols. ; 114-6 grams of 69 per cent.) 
was added in the cold. After mononitration, 450 c.c. of water 
were added, then 2-75 mols. of nitric acid, and the mixture was 
heated at 100° for twelve hours. The yield of picric acid (m. p. 120°) 
was 80-8 per cent. of the theoretical. 

In the other experiment, 94 grams of phenol were sulphonated 
with 2 mols. of sulphuric acid to 133-2 per cent. sulphonation. 
After cooling, a further 2 mols. of sulphuric acid were added and 
then 1-75 mols. of nitric acid. After dilution with 450 c.c. of water, 
nitrolysis was carried out exactly as described in the previous 
experiment. The yield of picric acid was 79 per cent. of that 
theoretically possible; the acid also melted at 120°, but its 
appearance was inferior. 


(d) 4-Nitrophenol-2-sulphonic Acid. 


This acid has been obtained by sulphonation of p-nitrophenol 
with fuming sulphuric acid (Post, Annalen, 1880, 205, 38; Korner, 
Jahresb., 1872, 604), but not with chlorosulphonic acid (Armstrong, 
Zeitsch. Chem., 1871, 322). Stuckenberg (Annalen, 1880, 205, 
45) obtained the same acid by nitration of phenol-o-sulphonic acid. 

The first of these operations was difficult to carry out (compare 
Graham and Knecht, J. pr. Chem., 1906, [ii], 73, 519), the second 
is to be avoided on account of the difficulty in obtaining the neces- 
sary phenol-o-sulphonic acid. The following method has been 
worked out and found satisfactory. 

p-Chloronitrobenzene is sulphonated (Claus and Mann, Annalen, 
1891, 265, 88; P. Fischer, Ber., 1891, 24, 3194) and 1-chloro-4- 
nitrobenzene-2-sulphonic acid isolated. It is unnecessary to follow 
Claus and Mann in first preparing the barium salt if the following 
method is adopted :—100 grams of p-chloronitrobenzene and 600 
grams of fuming sulphuric acid (l0—12 per cent. of SO,) were 
heated for five hours in an oil-bath at 120—130°, and the cooled 
product was poured into 1-5 litres of cold water. On removal of 
a small part of the sulphuric acid by the gradual addition of barium 
carbonate to the warm solution, a point was soon reached at which 
crystals of the sulphonic acid began to appear. The mixture was 
kept until the next day, when the solid mass was filtered off and 
extracted with hot water. The barium sulphate was removed, 
and the filtrate deposited 110 grams of chloronitrobenzenesulphonic 
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acid on cooling, the yield being more than 63 per cent. of the 
theoretical (Found: N = 5-37, 4:98; S = 12:12; M (by titration) 
= 272-6. C,H,O;NCIS,2H,O requires N = 5-12; S == 11-72 per 
cent.; M = 273-5). 

In order to hydrolyse the chloronitrobenzenesulphonic acid, 15 
grams of the free hydrated acid were dissolved in 50 c.c. of water 
and 6-8 grams of sodium hydroxide (slight excess over 3 mols.) 
added. After boiling for one and a half hours, and another 25 c.c. 
of water having been added, a deep yellow, crystalline salt was 
deposited on cooling. Some of the salt was lost, so that only 
9 grams were collected. 

The salt proved to be the disodium salt, crystallising with 2 
molecules of water, described by Korner (Found: H,O = 12-16; 
Na = 15-3. Calc., H,O = 12-04; Na = 15-4 per cent.). 4-Nitro- 
phenol-2-sulphonic acid was not examined with regard to its 
nitrolysis. 


(e) 2: 6-Dinitro-4-sulphonic Acid. 


The first attempt to prepare salts of this acid was made by 
nitrating sodium phenol-4-sulphonate in concentrated sulphuric 
acid: a mixture of 80 grams of the crushed anhydrous salt with 
160 grams of 96 per cent. sulphuric acid was cooled by ice and 


58 grams of nitric acid (d 1-5) were run in, the temperature being 
kept low. Towards the end of the reaction, the temperature rose 
to 60° and the mixture became very pasty. On the next day the 
solid mass was dissolved in the minimum amount of cold water and 
the solution poured into a warm solution of 200 grams of crystal- 
lised sodium sulphate in 200 c.c. of water. On keeping, a pale 
yellow salt settled out, which was collected, and dried as com- 
pletely as possible at 100°. The material was still somewhat damp 
and in the crude condition weighed 200 grams. 

At first the salt was taken to be sodium picrate mixed with 
picric acid; the latter was probably present to some extent, but, 
as will be seen below, 2 : 6-dinitrophenol-4-sulphonic acid gives tests 
similar to the isopurpuric and picramic acid reactions. Picric 
acid was not present in any considerable amount, because only a 
green coloration was produced with ammoniacal copper sulphate, 
but no crystals were deposited. Further quantities of the required 
salt were prepared from sodium 2-nitrophenol-4-sulphonate, follow- 
ing the directions given by Beyer and Kegel (D.R.-P. 27271; Fried- 
lander, “‘ Fortschritte der Teerfarbenfabrikation,” I, 324) for the 
preparation of the corresponding potassium salt. 

The salt obtained from the strongly acid solution crystallised 
from a small quantity of boiling water in pale yellow plates, 
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the yield of purified material being only 37 grams (Found: 
H,O = 15:84; Na=6-52, 6-95. C,H,0,N,SNa,3H,O requires 
H,O = 15-88; Na = 6-96 per cent. Found: in the anhydrous 
salt,S = 11-96. Calc.,S = 11-19 percent.). It was mentioned above 
that the salt was at first mistaken for picric acid. The yellow plates 
much resemble picric acid, but are very readily soluble in water. 

The ammoniacal aqueous solution gives a red colour with a 
solution of potassium cyanide; this was mistaken for the isopurpuric 
acid reaction, with which it evidently corresponds. The reaction 
is interesting as showing the equivalence of the two structures— 


OH OH 
HOY iO wits ~~ yee 


So,H No, 


as far as the replacement of the hydrogen atoms in positions 3 and 
5 by cyanogen and the reduction of one nitro-group are concerned. 

With ammonium sulphide, the red coloration corresponding with 
the picramic acid reaction is only slowly produced. The distinc- 
tion from sodium picrate is shown on addition of concentrated 
sulphuric acid to the saturated aqueous solution, no precipitate 
being produced. It is interesting to note that Marqueyrol and 
Carré (Bull. Soc. chim., 1920, [iv], 27, 127) obtained sodium 2 : 6- 
dinitrophenol-4-sulphonate by the further nitration of the mono- 
nitrophenol-p-sulphonate. 

The Barium Salt——This was obtained from the sodium salt by 
precipitating its solution with barium chloride solution. The 
precipitate was collected and crystallised from a large quantity of 
boiling water, in which it is somewhat sparingly soluble. It is 
nearly insoluble in cold water. The small, orange-red needles con- 
tain water of crystallisation and are derived by displacement of 
two hydrogen atoms in the acid by barium 


OH e 
/ /\=s: 
NO, NO, + BaCl, = NO, N=3:0 + NaCl + HCl. 
8 O 


o,Na ¥0,-0> Be 
Balentine (Annalen, 1880, 202, 358) described a salt, 
C,H,O,N,SBa,xH,0, 
as being nearly insoluble in water, and Bertram described a salt, 
C,H,O,N,SBa,3$H,O, as belonging to the monoclinic system 
(Jahresb., 1882, 368). In order to get the salt to constant weight, 
it was found necessary to heat it at 150°; the water content does 
not agree with Bertram’s result (Found : H,O = 10-55; Ba = 30-58. 
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C,H,O,N,SBa,2}H,O requires H,O = 10-13; Ba = 30-92 per cent.). 
The anhydrous salt is crimson. 

The Free Acid.—A solution of the barium salt in hot water was 
treated with dilute sulphuric acid until no further precipitate was 
formed, the barium sulphate filtered off, and the solution evaporated. 
After concentration to a small bulk, small, transparent crystals 
were deposited, which were yellow when moist, but colourless when 
dry. After recrystallisation, the melting point of the hydrated acid 
was about 111° (not sharp); the sulphur content corresponded with 
2 molecules of water of crystallisation, not with 3 molecules as 
described by Brunnemann (Annalen, 1880, 202, 348) (Found: 
S=109; H,O=11-4. C,H,0O,N,S8,2H,O requires S = 10-7; 
H,O = 12-0 per cent.). 

The free acid gave a red coloration with ammonium sulphide on 
keeping for some time. 

It was previously mentioned that 24 grams of material separated 
during the boiling of the sodium phenolsulphonate with dilute nitric 
and sulphuric acids. This was found to melt at 113—114°, and 
there was no depression when it was mixed with 2 : 4-dinitrophenol. 
The original, low melting point may be ascribed to admixture 

- of picric acid. 
The action of a hot diluted mixture of nitric acid and sulphuric 


acids on 2-nitrophenol-4-sulphonic acid may be represented by the 
following scheme : 


P-« 
NO 
Sm 


When no excess of sulphuric acid is present, the second reaction 
predominates. Since dinitrophenol is converted into picric acid 
only by nitration in a mixture of concentrated sulphuric and nitric 
acids, it is evident that a predisposing cause of the formation of low- 
grade picric acid (due to admixture of dinitrophenol) is to be found 
in the presence of phenolmonosulphonic acid in the sulphonated 
mixture, and that this may be largely remedied by nitration in 
presence of an excess of sulphuric acid. 

Continued action of dilute nitric acid on 2 : 6-dinitrophenol-4- 
sulphonic acid, can, however, give rise to picric acid. This explains 
the fact that good results have been obtained in practice when 
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phenol has been subjected to a low initial sulphonation, but has been 
subsequently mixed with waste acid, that is, with a considerable 
excess of sulphuric acid, and subjected to a thorough after-nitration. 

Under such conditions, one may expect the formation of 2: 6- 
dinitrophenol-4-sulphonic acid rather than 2 : 4-dinitrophenol; 
the former will give picric acid with ease, whilst the latter will not. 

The sulpho-group is readily replaced by bromine. A solution 
of sodium 2: 6-dinitrophenol-4-sulphonate was treated with 
bromine water in slight excess; the yellow, crystalline precipitate, 
after being washed and dried, melted at 76°. After recrystallisa- 
tion from hot water, it melted at 77—78°. 

The same compound was also obtained from the free acid and 
bromine water. Korner (Jahresb., 1875, 339) obtained the same 
compound by bromination of 2: 6-dinitrophenol and gave the 
m.p. as 85-6°. As there seems to be some discrepancy in the 
literature as to the melting point of 4-bromo-2 : 6-dinitrophenol, 
a specimen was prepared by the bromination and subsequent 
nitration of o-nitrophenol (Armstrong and Prevost, Ber., 1874, 7, 
922). No lowering of the melting point was observed when a 
portion of this specimen was mixed with that produced from the 
dinitrophenolsulphonic acid by the addition of bromine; the 
orientation of the dinitrophenolsulphonic acid was thus confirmed 
(Marqueyrol and Carré, Bull. Soc. chim., 1920, 27, 127, give 83° as 
the melting point of 4-bromo-2 : 6-dinitrophenol). 

An attempt to moderate the violence of the reaction, in the 
nitration of 4-bromo-2-nitrophenol by a mixture of sulphuric and 
nitric acids, was made by nitrating in the presence of acetic acid. 
This, however, led to the production of picric acid (the replace- 
ment of bromine by the nitro-group is worth noting). 


Nitration of 2 : 6-dinitrophenol-4-sulphonic Acid. 
(Heating at 100° for eight hours.) 
Nitric 
Sodium Sulphuric acid (67 

salt acid (94 per cent. ; Yield 

(0-1 mol.). per cent.). Water. 0°21 mol.). Yield. per 
Expt. Grams. Grams. Grams. Grams. Grams. cent. 
34 60 82-2 

60 82°8 

50 , , 91°7 

40 , ‘ 88°8 

20 4 80°3 


(f) 4 : 6-Dinitrophenol-4-sulphonic Acid. 


This acid was prepared substantially by Ullman and Herre’s 
method (Annalen, 1909, 366, 114). p-Chloronitrobenzene was 
successively sulphonated, nitrated, and hydrolysed ; 

VOL. CXIX. 4c 
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cl cl OH 
a ( ‘)s0,H _ NO, \s0,H —> NO,( ‘)80,H. 
Ve 


Tad 
NO, NO, NO, 
The orientation of the groups was confirmed by treating the salt 
in aqueous solution with bromine water. The precipitate melted 
at 118-5°. 2-Bromo-4 : 6-dinitrophenol melts at 118-2° : 
OH OH 


Va fs 
NOY ‘)s0,H + Br, + H,o = NOF }Prs uso, + HBr. 
Z \Z 


NO, NO, 

4 : 6-Dinitrophenol-2-sulphonic acid, like its isomeride, may be 
derived from 6-nitrophenol-2:4-disulphonic acid by partial 
nitrolysis. Marqueyrol and Carré (Bull. Soc. chim., 1920, [iv], 27, 
127) have isolated this compound from the mother-liquors obtained 
in the manufacture of picric acid in larger quantities than the 
isomeride. 

In a particular experiment made by the present author, the 
former yielded 89 per cent. of the theoretical amount of picric acid 
after nitrolysis at 100° for only two hours. 


(g) 6-Nitrophenol-2 : 4-disulphonic Acid. 


Although this acid must be produced from phenol-2 : 4-di- 
sulphonic acid by the action of nitric acid, it is strange that it does 
not seem to have been isolated from the picric acid mixture. 

It was first prepared by nitrating (1 mol. of HNO,, d 1-5) phenol- 
disulphonic acid liberated from the barium salt in presence of four 
times its weight of concentrated sulphuric acid, the mixture being 
externally cooled by ice during the process. The mixture having 
been diluted with four times its volume of water, barium carbonate 
was added, the solution boiled, and the barium salt isolated in the 
usual manner. The yellow salt turns red on heating at 120°, but 
regains its yellow colour on exposure to air after cooling. On 
account of the avidity with which water was absorbed, the anhydrous 
salt was analysed; it contains three equivalents of barium [Found : 
Ba = 39-9. (C,H,O,NS,),Ba, requires Ba = 41-0 per cent.]. 

For the preparation of considerable quantities of the barium salt, 
intermediate isolation of the phenoldisulphonic acid is unnecessary. 

Phenol (500 grams) and 2000 grams of oleum (23 per cent.) were 
heated at 100° for four hours, then cooled, diluted by the addition 
of small pieces of ice (about 150 grams), and nitrated by the slow 
addition of 254 c.c. of nitric acid (d 1-5). The mixture was cooled 
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externally and the temperature was not allowed to exceed 20°. 
The mixture, which formed a solid mass on keeping, was dissolved 
in 8 litres of water, neutralised with barium carbonate (about 3} 
kilos.), and worked up in the manner previously described. The 
crude barium salt was recrystallised twice, the weight obtained 
being 850 grams. The salt was dehydrated before analysis (Found : 
Ba = 40-7 per cent.). 

The Free Acid.—This may be obtained from the barium salt, but 
an alternative process has been worked out. 

Phenoldisulphonic acid prepared from its barium salt was nitrated 
in the manner previously described; on keeping for some days, the 
nitrophenoldisulphonic acid crystallised out. It was filtered over 
asbestos and the adherent sulphuric acid removed by the following 
procedure : the solid was washed repeatedly with small quantities 
of ether, then dissolved in the minimum quantity of ether and a 
considerable excess of chloroform added. The acid was filtered off 
and the process repeated. As the sulphuric acid is removed, the 
solubility in ether diminishes. 

After a third precipitation by chloroform, the acid was dissolved 
in water, the solution filtered, and evaporated at 100°. After some 
hours, crystals began to form, and concentration was then con- 
tinued in a vacuum desiccator. The acid was drained on tile, 
and obtained as colourless, silky needles. 6-Nitrophenol-2 : 4-di- 
sulphonic acid is extremely deliquescent; the aqueous solution 
is pale yellow, and becomes intensely yellow on addition of alkali 
(Found: N = 3-88. C,H,;O,NS,,2H,O requires N = 4-18 per 
cent. The equivalent weight, by titration, = 113-0. Calc., 111-7). 
Since the titration is not very easily performed, it is possible that 
the acid crystallises with 3H,O (Calc., N = 3-96 per cent.). 

Bromine water added to a solution of the free acid gave a pre- 
cipitate which melted at 117° after washing and drying, and at 
117-5° after recrystallisation from water. 2 : 4-Dibromo-6-nitro- 
phenol melts at 117-5° (Arzruni, Jahresb., 1877, 548) : 

OH , OH 


FX AN 
NO, 80,4 + 2Br,+ H,O = NO, = + 2HBr + 2H,SO,. 


\Z 7 
SO,H Er 


Formation of 2 : 4-Dinitrophenol. 
It has been pointed out that dinitrophenol is formed by nitrolysis 
of 2-nitrophenol-4-sulphonic acid. The latter compound prob- 
ably owes its origin as a general rule to phenol-4-sulphonic acid 


(low degree of sulphonation). 
402 
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Nitrolysis of Sulpho-groups in the ortho- and para-Positions. 


It was stated in the introduction that a sulpho-group is more 
readily displaced by the nitro-group from position 4 than from 
position 2. This is shown by the following experiment. It was 
thought advisable to avoid complications due to replacement of 
hydrogen in the nucleus, and therefore 6-nitrophenol-2 : 4-di- 
sulphonic acid was selected for the experiment. 

The trisodium salt (77-5 grams; 0-2 mol.), containing 5-86 per 
cent. of moisture, was finely crushed, mixed with 68-6 grams of 
sulphuric acid (96 per cent.), the mixture was diluted with its own 
volume of water, and heated for two hours at 100° with 22-84 grams 
of nitric acid (69 per cent.; 1-25 mols.). The reaction was not 
violent, brown fumes were evolved, and, on cooling, the whole 
mass solidified; 54 grams of material were isolated. The major 
portion was separated into three fractions. The first (7 grams) 
consisted essentially of picric acid, the second (2-5 grams) also 
contained picric acid and was neglected. ‘The main crop (32 grams) 
was fractionally crystallised; the four crops obtained, when treated 
with bromine, gave brown compounds with melting points varying 
from 113° to 118°. No depression of melting point was observed on 
admixture with a specimen of 2-bromo-4 : 6-dinitrophenol (m. p. 
118-2°); the bromo-compound must then have been produced from 
4 : 6-dinitrophenol-2-sulphonic acid. Care must be taken that 
bromine is not added in large excess to the dinitrophenolsulphonate ; 
Marqueyrol and Carré (loc. cit.) have shown that under this condition 
4 : 6-dinitrophenol-2-sulphonic acid gives rise to 4-bromo-2 : 6- 
dinitrophenol to a large extent. 

Thus of the two initial reactions between 6-nitrophenol-2 : 4- 
disulphonic acid and nitric acid, 

OH 


OH -~ J 


NO, s0,H + HNO, — NO, 
. OH 


NOs. 1.80, 
No,H 


the first must be preferred, even if it does not take place exclusively. 
Confirmatory evidence was afforded by heating 2 : 6-dinitrophenol- 
4-sulphonic acid and 4: 6-dinitrophenol-2-sulphonic acid under 
similar conditions with a mixture of water and nitric and sulphuric 


Stok 
So,H NO,/ 
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acids. Reaction began immediately with the first of these acids, 
but was not evident with the second acid during the first half- 
hour. After being heated for two hours, the first mixture gave a 
yield of 91-7 per cent. of picric acid, and the second a yield of 


81-6 per cent. 
Formation of Oxalic Acid. 


The quantity of oxalic acid produced during the nitration of : 


A. Sodium phenol-4-sulphonate, C,H,0,SNa,2H,0, 

B. Sodium 2-nitrophenol-4-sulphonate, C,H,O,NSNa,3H,0, 
and 

C. Sodium 2 : 6-dinitrophenol-4-sulphonate, C,H,0,N,SNa,3H,0, 
was determined under varying conditions. The formule indicate 
the form in which the material was weighed. The salt was dis- 
solved in water, the solution made up to a definite volume, and an 
aliquot portion was rendered alkaline with ammonia and precipi- 
tated with calcium chloride. The precipitate of calcium sulphate 
and oxalate was washed free of picric acid, and the oxalic acid 
estimated by permanganate. 


Grams of oxalic 


Weight in grams of reagents employed in acid produced 
the nitration of 1 gram-mol. of the salt. from 1 gram-mol. 
94% H,SO,. Water. 67% HNO. of the salt. 
596 0 399 


366 400 405 
0 


612 300 
605 200 304 
507 300 306 
448 400 295 
200 600 300 
600 0 200 
600 200 200 
391 391 200 
200 600 200 


QQQAWGHwwwrpp 


The table shows that the introduction of the nitro-group into the 
phenolsulphonate before dilution and further nitration to picric 
acid increases the stability. 


The foregoing work was carried out at H.M. Chiswick Labora- 
tory, Department of Explosives Supply, in 1917—1918, and is now 
published with permission of the Director of Staff Duties. 

The author wishes to thank Dr. J. T. Hewitt, F.R.S., formerly 
Director of the Chiswick Laboratory, for his advice given throughout 
the course of this work. 
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ALBERT ERNEST BELLARS. 
Born Aveust 25ru, 1880; Diep Aprit 23rp, 1921. 


ALBERT ERNEST BELLARS was the son of the late Alderman E. B. 
Bellars of Wisbech. He was educated at Wisbech Grammar 
School under Mr. A. W. Poyser and at Magdalene College, Cam- 
bridge, where he held a Holmes Exhibition. After taking his 
degree in the Natural Sciences Tripos in 1902, he was appointed 
Assistant Demonstrator in the laboratory of Gonville and Caius 
College under Mr. M. Pattison Muir. Later he undertook the 
supervision in chemistry of students in Gonville and Caius and in 
Magdalene Colleges. Between 1903 and 1910 he was engaged in 
research work, the results of which have appeared in the 7’rans- 
actions of the Chemical Society and in the Proceedings of the Cambridge 
Philosophical Society. At Cambridge he was an _ enthusiastic 
teacher and very popular with students in the laboratory and in 
the college classes under his supervision. As a colleague in research, 
he was a skilful and accurate experimenter, and he never tired in 
his determination to solve a problem. No failure disheartened 
him, and his cheery optimism gave stimulus to work in which he 
was engaged. With the writer he published between 1903 and 
1907 the results of four investigations which have appeared in the 
Transactions. In 1911, after the closing of the chemical laboratory 
of Gonville and Caius College, he was appointed Professor of Chemis- 
try at the Rangoon University College on the recommendation of 
Sir W. J. Pope, and soon proved himself to be a stimulating lecturer 
and teacher. Last year he was appointed the first Professor of 
Chemistry in the new University of Rangoon. 

The splendidly-equipped chemical laboratory at University 
College is a monument to his thoroughness and foresight, and a 
long list of those who have graduated in science in Burma during 
the last ten years bears testimony to his unwearying labour and 
to the activity of the interest in that branch of science of which he 
himself was so keen a student. The claims of teaching work left 
little opportunity for research until lately, when in the new lab- 
oratory he was able to resume it. Serious throat trouble compelled 
him to come to England this year for an operation, which was at 
first successful, but a sudden attack of hemorrhage occurred later, 
which was fatal. In December, 1919, Professor Bellars married 
Miss Beryl Coxon, only daughter of Major Coxon, of King’s Lynn, 
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Norfolk. She returned to England with her husband this year 
and was with him at his death. Professor Bellars leaves a post- 
humous son born a week after his death. In Burma, great sym- 
pathy is felt for his widow, who had been in the colony only a little 
more than a year when her husband was invalided home. Bellars 
was a keen sportsman in every sense of the word. At Cambridge 
he was captain of his college cricket team and played regularly in 
the Cambridge County Eleven. He was an enthusiastic skater of 
the fen style and a golfer. In the Long Vacations he was one of 
the band of climbers of the Alpine Club and was associated with 
the late Dr. H. O. Jones in several of his ascents. In the Easter 
Vacations he climbed in Snowdonia or in the Lake District. While 
in Rangoon he took a keen interest in all matters connected with 
sport and volunteering at the University College and officiated 
regularly at the local athletic meetings. 

His sudden and early death is much to be deplored. Bellars 
was the ideal type of colonial University Professor. The soundness 
of the knowledge of his subject combined with a driving power and 
personality commanded the loyalty and respect of his students, 
not only in the lecture room, but also in the college sports. He 
was of the true type of teacher and leader of men, such as have 
built up the British Empire, and yet he was of a retiring disposition 
and never sought popularity outside the circle in which his main 
interests lay. He was devoted to his work and to his home. 

R. 8. Morre.. 


EDWARD JOHN BEVAN. 
Born DECEMBER 11TH, 1856; Diep OcTosBEeR 177TH, 1921. 


EpWARD JOHN BEVAN, son of ‘Edward Bevan, of Birkenhead, was 
born in 1856. After a private school education he received a 
training in chemical science which may be described as irregular. 

Beginning at the age of seventeen with the routine of laboratory 
control of alkali processes in the service of the Runcorn Soap and 
Alkali Co., he made friendships with certain pioneer workers in 
that industry, who usefully influenced his career by advising sys- 
tematic training at the Owens College—then a leading centre of 
research. The meeting with C. F. Cross resulted in a student 
friendship which developed into one of collaboration, both leaving 
the College (1879) to undertake research work in the cellulose 
industry, Bevan’s sphere being that of paper-making. Problems 
of common interest were investigated, of which results were pub- 
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lished in the Journal of the Chemical Society (1882). It was already 
evident that the field of work entered on, promised results in pro- 
portion to industry; it was decided to make a definite adventure, 
and ‘“‘ Cross and Bevan,” migrating to London, were able to find a 
provisional working home in the Jodrell Laboratory, Kew, through 
the friendly offices of H. E. Armstrong, Hugo Miiller, and Thiselton- 
Dyer. 

The scope of research widened to include the physiology of the 
vegetable fibres, the equilibrium of the fibre substances as chemical 
individuals in relation to water-oxygen conditions, hence a special 
study of cellulose reactions with hydrolytic agents and oxidants; 
and in development of the natural history aspect of the subject, 
the working out of a comprehensive scheme of analysis of the 
fibres and fibre-aggregates, the raw materials of the textile and 
paper-making industries. 

The scientific data thus accumulated were then applied in de- 
veloping industrial inventions, such as the bisulphite process of 
treating wood for the preparation of cellulose (“ pulp’’), then in 
its infancy, and pioneered in this country by C. D. Ekman: and 
textile bleaching processes, for example, those of Thompson, 
Hermite (electrolytic), and W. Mather. The Colonial and Indian 
Exhibition provided a sphere of active work in vegetable fibres, 
and established the method of analysis and evaluation of these 
raw materials as a “standard,” subsequently to be generally 
accepted as such. Concurrently with these technical activities, 
the systematic research work on cellulose and its derivatives was 
followed up and investigations of alkali-cellulose (mercerigation) 
and benzoates (Baumann’s method) led in logical sequence to the 
discovery of the xanthogenic hydrate-ester series of derivatives, 
patented in the joint names, and the basis of the now well-known 
‘* viscose ’’ industries. 

The formal partnership ‘‘ Cross and Bevan,” and its establish- 
ment at New Court, Lincoln’s Inn (1885), led to outside activities, 
such as those connected with patent litigation, in which Bevan 
showed his exceptional abilities, and decided leanings to the pro- 
fessional side of chemical science. Applying for the post of Public 
Analyst under the Middlesex County Council, he was appointed 
(1892), and held the office to the date of his death. As necessary 
incidents of this position, he became progressively influential in 
the Society of Public Analysts, of which he was sometime President, 
and on the Council of the Institute, devoting himself with his usual 
thoroughness to its interests and high aims. 

Bevan’s career expresses his whole-hearted devotion to Science, 
for his varied activities were all marked and hall-marked by the 
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severe discipline of the pursuit of “the Truth” as “ the whole 
Truth and nothing but the Truth,” as we chemists know the truth 
of an experimental science, with the uncompromising laws under 
which we work for its establishment. 

With these qualities were associated those which express them- 
selves in good fellowship. Bevan was popular, as he was genial 
and generous. His surviving relatives treasure the many expres- 
sions of affection and regard contained in letters from his brother 
chemists. , 

For a complete and chronological record of the publications in 
which Bevan was associated with the writer, those who may be 
interested are referred to the Paper Trade Review of January 28th, 


1921. 
C. F. Cross. 


EDWARD KINCH. 
Born Aveust 197TH, 1848; Diep Aveust 6TH, 1920. 


EpwarpD Krincu was born at Henley-on-Thames, and was educated 
at the Grammar School there. His father, Charles Kinch, was a 
pharmaceutical chemist, and would seem to have been a very 


energetic man, for he also had a printing and stationery business, 
published a local paper, and took an active part in the management 
of the affairs of the town. 

Although Edward Kinch spent his early life there, it is not 
in association with Henley that one thinks of him, but with that 
agricultural district on the Upper Thames where the counties 
Berkshire, Wiltshire, Oxfordshire, and Gloucestershire meet. 
There on the Berkshire bank of the Thames lies the scattered 
village of Eaton Hastings, and at the “‘ Grange,” a charmingly old- 
fashioned, somewhat rambling farmhouse, many generations of the 
Kinch family had dwelt and farmed their own land, whilst relations 
of theirs were to be found in many of the large farms in the district 
lying between Farringdon and the Cotswolds. Amongst them were 
men who have made their mark in agriculture, such as Charles 
Hobbs of Maisey Hampton and his son Robert Hobbs of Kelmscott, 
both so well known as successful breeders of sheep. It may be 
mentioned incidentally that the picturesque Manor House at Kelms- 
cott, standing opposite to Eaton Hastings on the Oxford bank of 
the Thames, which figures so much in the art annals of the Victorian 
era as the home of William Morris, and for a time also of D. G. 
Rossetti, belonged to a widowed aunt of Edward Kinch who lived 
with her brother William at the Grange. It was in his frequent 
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visits to these relations probably that Edward Kinch acquired that 
interest in agriculture that became the dominant feature in his life. 

On leaving school, Kinch went to the Royal College of Chemistry 
in Oxford Street, where he studied for some years under Prof. 
(later Sir Edward) Frankland. His first appointment (1869) was 
that of chief assistant to Prof. (later Sir Arthur) Church at the Royal 
Agricultural College, Cirencester, and thus began the connexion 
with the institution with which later he was so intimately associated. 
He held this post until the latter part of 1872: he then joined the 
staff of the Royal College of Chemistry, which, with some sections 
of the Royal School of Mines, had just been transferred to the new 
buildings in the Exhibition Road, South Kensington, to form the 
nucleus of that institution which after many changes of name is 
now known as the Imperial College of Science and Technology. 
After some years spent in teaching in these laboratories, Kinch for 
about a year held the position of Superintendent of Minerals at the 
India Museum, South Kensington. In 1876 he accepted the post 
of Professor of Chemistry at the Imperial College of Agriculture, 
Komaba, Toky6, Japan, in the organisation of which he took an 
active part. At this time Japan was still in large part closed to 
Europeans, but in the college vacations Kinch was allowed to travel 
freely about the country, and had opportunities such as fell to few 
others of seeing ‘Old Japan.’ One considerable drawback, 
however, was that in many of the out-of-the-way districts it was 
impossible to supplement in any way the meagre vegetable diet of 
the natives—the result to a European being semi-starvation. 

In 1881, Kinch returned to England on his appointment as 
Professor of Chemistry at the Royal College of Agriculture, Ciren- 
cester, a post which he held until the closing down of the College in 
1915 on account of the war. 

Prof. Kinch married, in 1889, Edith, daughter of the Rev. George 
Huntingdon, vicar of Tenby, but their happy married life was 
terminated by her death a year later. 

On the closing of the Cirencester College, Kinch retired from active 
life and went to live at Haslemere, where he occupied himself with 
his garden, and with Japanese art, a subject in which he was greatly 
interested. His residence in Japan had enabled him to form a 
small but admirable collection of curiosities and art work. A 
serious illness in 1918 left him with very impaired health, and he 
died on August 6th, 1920. 

Edward Kinch was a man who devoted himself heart and soul to 
his students and to the interests of the Royal Agricultural College, 
Cirencester, where he spent thirty-four years of his life. Singularly 
unassuming, and of very retiring nature, he was beloved by those 
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who came under his influence, and the fruits of his sound and careful 
training of his students were manifested by many of them in sub- 
sequent spheres. It was for his college and his students that he 
lived, and it was in this connexion, rather than in public life, or in 
written contributions to science, that he excelled. His principal 
literary contribution was the revision and practical re-writing, in 
1906, of the well-known book for agricultural students, “‘ Church’s 
Laboratory Guide,’ of which a ninth edition appeared in 1912. 
Occasional papers from him have also appeared in the Journals of 
the Chemical Society, the Royal Agricultural Society, and the 
Surveyors’ Institute, but most of his contributions were given in the 
Agricultural Students’ Gazette, issued from the Cirencester College. 
Kinch was a sound, rather than a progressive, chemist, and a teacher, 
rather than an investigator, but he was a man held in much esteem 
by those who knew him. In conclusion, the words of a former 
student, Lord Bledisloe, intimately acquainted with the affairs 
of the College, may be quoted: ‘ If and when the worthy history 
of England’s premier agricultural college comes to be written, no 
name will rank higher in its annals than that of Edward Kinch, and 
no one will be deemed to have wrought a more beneficial influence 
in promoting the high reputation of the College and the progress of 
Agricultural Science in the British Empire.” 

Prof. Kinch served on the Council of the Chemical Society, 1887— 
1892; at an earlier period, 1872—1875, he was on the Journal staff 
as an abstractor in Agricultural Chemistry. A. J. G. 


HENRY RONDEL LE SUEUR. 
Born January, Ist, 1872; Diep Juty 9Tu, 1921. 


H. R. Le Survur was born at Trinity, Jersey, on January Ist, 1872, 
the son of F. C. Le Sueur. He was at a private school until 1887, 
after which he spent two years in the laboratory of a Jersey analyst, 
Mr. F. W. Toms, and then entered University College, London, 
taking the Honours Chemistry course. He graduated B.Sc. of 
London University in 1893 and obtained the D.Sc. degree in 1901. 
He was a Fellow of the Institute of Chemistry (Associate 1898) 
and a member of its Council from 1914 to 1917: a Fellow of this 
Society (1895), a member of Council (1907-1911), and at the time 
of his death was one of its Secretaries. 

After graduating in 1893, Le Sueur spent one year in carrying 
out research work on the properties of dehydracetic acid (Collie 
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and Le Sueur, T., 1894, 65, 254), and in the following year took up 
a junior teaching post in the Medical School of St. Thomas’s Hos- 
pital. Possessing the faculty of imparting knowledge to others, 
Le Sueur rapidly developed into a teacher of the very first order, 
and it is a remarkable fact that one possessing such pronounced 
capabilities in this direction should have remained attached to 
this one Institution for the twenty-seven years of his career. The 
writer is well acquainted with the happy atmosphere of St. Thomas’s, 
and no doubt this weighed with Le Sueur, especially as from 1904 
he occupied the senior teaching post, but it is none the less strange 
that his exceptional teaching capacity was not more generally 
recognised. 

There was only one break in the twenty-seven years during 
which Le Sueur was connected with St. Thomas’s, namely, that 
caused by the War. He was gazetted major, Royal Engineers, in 
1915 and with Major J. T. Hewitt was ordered to Gallipoli to watch 
and advise on possible developments in gas warfare. There can 
be little doubt that the illness which he contracted there seriously 
undermined his health, for he was never in reality the same high- 
spirited man again. On his return to England, after being in 
hospital in Egypt, he became one of the chief experimental officers 
at the R.E. Experimental Station, Porton, where he was attached 
until the end of 1917. He was then ordered to the United States 
to assist in the preparation of the American Gas Warfare Experi- 
mental Station, and he remained there until after the signing of 
the Armistice. 

As a research worker, Le Sueur was not prolific, his total published 
papers amounting to twenty-four; this is largely accounted for 
by the fact that research was regarded by him as a pleasurable 
relaxation from his teaching duties, which always came first. He 
thoroughly enjoyed every minute he was able to devote to experi- 
mental work, but when accumulated results made the writing of a 
paper desirable he was very obviously bored. His researches 
concerned mainly the fatty acids and their hydroxylated deriv- 
atives, and may be divided into three groups. In one, he studied 
the action of heat on the «-hydroxycarboxylic acids and showed 
that it is possible to descend the series of fatty acids, step by step. 
according to the scheme, R-CH,-CO,H —> R-CHBr-CO,H—> 
R-CH(OH)-CO,H —> R-CHO — R-CO,H. A somewhat similar 
process led, in a second series of experiments, to a simple method 
for the preparation of secondary amines, thus : R-CHBr-CO,H —> 
R-CH(NHAr)-CO,H —> R-CH,*NHAr + CO,, whilst the third group 
of researches, on the action of fused potassium hydroxide on the 
dihydroxy-acids obtained by oxidation in the oleic acid series, 
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revealed an unusual transformation, namely, the movement of a 
heavy radicle within the molecule of an aliphatic compound. The 
change is represented thus: R°-CH(OH)-CH(OH)-[CH,],-CO,H —> 
OH-CH,*CR(OH)[CH,}]n°CO,H —> CO,H-CR(OH)-[CH,],°CO,H. 
The elucidation of the constitution of the hydroxydicarboxylic 
acids formed in this way led, incidentally, to the discovery of 
heneicosoic acid, a missing member of the simple fatty acid series. 
In manner Le Sueur was quiet and reserved, not to say shy; few 
knew him well, for his efforts to disguise the above characteristics 
sometimes gave quite a wrong impression of the real man. His 
great outstanding quality was loyalty, which governed his every 
action and was one of the main causes of the loving regard in which 
he was held by his intimate friends. As a Jerseyman, Le Sueur 
had an intense feeling of local patriotism, and his friends knew well 
his loyalty to the ‘‘ Duke of Normandy.” He was one of the 
founders of the Jersey Society in London and one of its most active 
members during more than twenty years, being chairman of its 
council at his death. He spoke a dialect of the ancient Norman- 
French language fluently and with historical pride, and it was 
because of his love for his native land that he desired to be laid 


to rest in Jersey. 
A. W. CROSSLEY. 


GEORGE BLUNDELL LONGSTAFF, M.A., M.D. (OXON.), 
F.R.C.P., F.S.A., F.LS., F.CS., F.GS., J.P. 


Born Fepruary 12TH, 1849; Drep May 771, 1921. 


In the late George Blundell Longstaff the scientific, the artistic, 
and the practical temperaments were so nicely blended that it 
would be impossible to say which of these qualities preponderated 
in his attractive and.versatile nature. Those who made his 
acquaintance as a field naturalist and had occasion to note his 
keen powers of observation, his untiring activity as a collector, 
and his readiness to appreciate the scientific bearing of the facts 
that he and others accumulated, might not unnaturally be surprised 
to find that his technical knowledge of the building craft was the 
admiration of experts, and that his judgment on all matters of the 
graphic and plastic arts was highly valued by the most experienced 
critics. 

It is interesting to call to mind that many of the most con- 
spicuous traits in Longstaff’s character may be traced back to his 
ancestry. Thus his father, in early days an associate of ‘ Osmotic 
Graham,”’ was noted for his devotion to chemistry; to the Dixon 
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strain may be attributed his interest in everything practical and 
constructive ; while the extraordinary energy with which he worked 
at entomology may be considered not improbably to be fore- 
shadowed in the stock from which sprang Spence of “ Kirby and 
Spence.”’ 

Born at Wandsworth in 1849, Longstaff was the second son of 
Dr. George Dixon Longstaff, and of Maria, daughter of H. Blundell, 
of Hull. At Rugby he came under the influence of Archbishop 
Temple, then Headmaster, and of Archdeacon J. M. Wilson, then 
Master in Natural Science and Mathematics. Each of these great 
teachers left a strong impress on the mind and character of their 
pupil. Proceeding in due course to Oxford, he gained a scholarship 
in Natural Science at New College, following this up with a First 
Class in Natural Science. It was while an undergraduate at Oxford 
that by a deplorable aceident he lost the sight of an eye. Through- 
out his life the condition of his sight was such as to necessitate the 
greatest care in the use of his remaining eye; and he was com- 
pelled to forego many schemes of scientific research which his inclina- 
tions would have led him to adopt. But he faced his misfortune 
with admirable courage, and engaged with vigour and energy in 
all the pursuits of a kindred nature which still remained open to 
him. After taking his degree in Arts, he entered at St. Thomas's 
Hospital, and having passed through his career as a medical student 
with distinction, he graduated as M.B., subsequently as M.D., at 
Oxford; and obtained the Membership, eventually the Fellowship, 
of the Royal College of Physicians. In 1875 he married a daughter 
of Edward Dixon, of Southampton, a member of a family already 
connected with his own. The intellectual endowments, the philan- 
thropic ideals, and fine taste of this lady were most congenial to 
him, and it would have been difficult to find a better-assorted.couple. 
On settling down with his wife and young family, first at Wands- 
worth and afterwards on Putney Heath, he devoted himself to the 
study of preventive medicine and vital statistics, paying special 
attention to all such matters as might benefit the conditions of life 
among the poorer and Jess fortunate members of the community. 
The present writer became associated with him in some of this 
early work, especially in the investigation of the properties of a 
much-advertised germicide, and in the statistical aspects of various 
diseases. This led to a long collaboration in the Registrar-General’s 
Department at Somerset House, many results of which saw the 
light in his published volume of “ Studies in Statistics.’’ Whilst 
still engaged in work of this kind, he acquired the beautiful estate 
at Mortehoe, in North Devon, where much of his subsequent life 
was passed, and where he threw himself with characteristic energy 
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into the study of the history, antiquities, natural productions, and 
social conditions of that part of the county. To these rural pur- 
suits he added much varied activity in London, serving on the 
London County Council as member for Wandsworth from 1889 to 
1903; and, as Chairman of the Building Act Committee of that 
body, taking a principal part in the drafting and passing through 
Parliament of the London Building Act, 1894. As J.P. both for 
London and Devon, he gave much time to magisterial duties, and 
as Guardian of the Poor he found scope for the exercise of his 
interest in the social conditions of the more indigent classes. 

It had always been his desire to travel; and he soon found oppor- 
tunity to acquaint himself with many remote parts of the earth. 
At different times he visited Madeira, the Canary Islands, Algeria, 
Egypt and the Soudan, South Africa, India, Ceylon, China, Japan, 
North and South America, the West Indies, Australia, and New 
Zealand. In all of these places he made large collections, prin- 
cipally of insects, and recorded numerous observations of high 
interest in the elucidation of bionomic questions. The results of 
these labours in the field of natural history were published by him 
in several important memoirs, collected some nine years ago in a 
volume entitled “‘ Butterfly Hunting in Many Lands.” The insect 
collections, which are of great value both in themselves and for 
the exact data by which each specimen is accompanied, were 
presented by him to the Hope Department in the University of 
Oxford. This Department found in him a generous and far-sighted 
benefactor; it being indebted to him, amongst other donations, 
for an endowment of £2400 for the provision of an additional 
assistant. Beside all his other avocations, he found time to take 
an active part in the work of the Charity Organisation, the Royal 
Statistical and the Entomological Societies, being at various times 
Vice-President of the latter two. He was also a Fellow of the 
Linnean and Geological Societies, of the Society of Arts, and of 
the Chemical Society. In the last-named he took a special interest, 
and in the year 1916, to mark the seventy-fifth anniversary of the 
Society, he made over to it the sum of £1000 for its Research Fund ; 
thus following the example of his father, who in 1876 had given 
£1000 to establish this Fund. A ‘ Longstaff Medal” is awarded 
by the Council of the Society every three years for the best series 
of original investigations in chemistry published in England. 
Longstaff’s munificence was not confined to scientific objects; 
for many schemes of social improvement were helped by him with 
ample donations, and he was a liberal benefactor to the Church. 
He was especially concerned in the planning and building of the 
new church at Woolacombe, North Devon; and the ancient church 
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of Mortehoe bears many marks of his generosity; in particular, a 
beautiful stained-glass window by his friend Selwyn Image, lately 
Slade Professor of Fine Art at Oxford. 

Three years after the death of his first wife he married Miss 
Donald, a daughter of the late M. H. Donald of Stanwix and Blaith- 
waite, Co. Cumberland, a lady distinguished for her attainments 
in conchological science, and with many interests similar to those 
of her husband. 

A man of such varied capacities and of so generous and sym- 
pathetic a nature as George Blundell Longstaff was sure to have 
numbers of attached friends, by whom his death is felt as a grievous 
personal loss. His memory will be widely cherished as that of an 
inspiring and stimulating companion, and one of the most considerate 
and open-handed benefactors of his generation. —e 


EDMUND JAMES MILLS. 
Born DecuemMBER 8TH, 1840; Diep Apri 21st, 1921. 


Pror. E. J. Mitts, who died on April 21st, 1921, was born in 
London on December 8th, 1840. He was educated first at the 
Grammar School, Cheltenham, and then at the Royal School of 
Mines, where he took the courses of instruction for a degree in 
science at London University, at that time the only university in 
Britain granting such degrees. He graduated B.Sc. in 1863, and 
obtained the doctorate in 1865. There were few candidates for 
science degrees at that time, and on looking at the list of graduates 
it is interesting to note that Mills’s name appears about equidistant 
in time between those of Prof. Alex. Crum Brown, in 1862, and 
Sir William Tilden, in 1871. 

In 1861, Mills became assistant to Dr. John Stenhouse, and a 
year later he was appointed one of the demonstrators in chemistry 
at Glasgow University, in which capacity he conducted tutorial 
classes for medical students, a work not very congenial to him, and 
one for which, from his temperament, he was not particularly well 
fitted; he was, however, a good laboratory teacher for advanced 
students. He resigned this appointment in 1865. In 1875 Mills 
became superintendent of the “‘ Young Laboratory,” in Anderson's 
College, Glasgow, and during his term of office, about the year 
1886, that foundation together with Anderson’s College, became 
incorporated in the Glasgow and West of Scotland Technical 
College, the Young Laboratory appointment being converted into 
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the Young Chair of Technical Chemistry. His predecessors in 
charge of the Young Laboratory were W. H. Perkin, sen., 1870-71, 
and G. Bischof, 1871-75. 

Mills was the author of many papers covering a wide field of 
work. Although his first recorded paper in the Proceedings of the 
Royal Society (1860) is upon bromo- and chloro-phenylamine, his 
early work inclined more to general and inorganic chemistry, 
dealing with subjects such as isomerism, statical and dynamical 
ideas on chemistry, chemical equivalents, etc., and this tendency 
is seen also in his later papers in the Philosophical Magazine, pub- 
lished during 1883, 1884, and 1887. In the Journal of the Chemical 
Society his more important papers are :—‘ On Aniline Derivatives 
and Nitrotoluene ’’ (1875-76); ‘‘ On Potable Waters” (1878-81); 
“On Chemical Repulsion’’ (1880-81); ‘‘ Melting-points ” (1882). 
From 1879 to 1882 he published ‘‘ Researches on Chemical Equiva- 
lence”; from 1878 to 1880 papers on ‘‘ The Action of Oxides on 
Salts’; and later, “‘ Researches on Dyeing,” in conjunction with 
Louis Campbell. To the Society of Chemical Industry he con- 
tributed papers on the ‘“ Quantitative Estimation of Oils and 
Fats’ (1883), “‘ Viscosity Determinations ”’ (1886), and “ Oxida- 
tion of Aniline ” (1894). In his books, Mills did not confine himself 
to purely scientific matters; for, in addition to two works, “ Fuel 
and its Applications” (published conjointly with E. J. Rowan in 
1889) and ‘‘ Destructive Distillation ” (1892), he wrote a volume of 
poems, ‘‘ My Only Child” (1895), and ‘“ The Secret of Petrarch ”’ 
(1904). 

Mills was elected a Fellow of the Royal Society in 1874, and was 
an honorary LL.D. of Glasgow University; he was an original - 
member of the Society of Chemical Industry and served on the 
committee of the Glasgow Section, including two periods as vice- 
chairman, from 1884 to 1894; and was a member of the Council 
of the Chemical Society at various times from 1868 to 1906, serving 
as vice-president from 1912 to 1915. 

Mills returned to London, finally settling at West Acton. He 
spent much of his leisure time in the practice of photography, in 
which he was a skilled manipulator. He attended many of the 
meetings of the Scientific Societies to which he belonged, and 
rendered valuable service to the Chemical Society as a member of 
the Library Committee, in which he took special interest. 

J. M. T. 
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RICHARD HENRY VERNON. 
Born JANUARY 27TH, 1885; Diep Aprit 9TH, 1921. 


RicHARD HENRY VERNON was the elder son of the late Hon. William 
Vernon, son of the sixth Baron Vernon, and of Mrs. Vernon, daughter 
of the late General Daniel Marsh Frost, of St. Louis City, U.S.A. 

Born in London at 12 Clarges Street, Vernon had a serious illness 
at the age of nine which left consequences that made it doubtful 
whether he would be able to stand the English climate. He was 
therefore educated in Switzerland. He entered the Ecole Cantonale 
at Lausanne in 1898 and proceeded to the Gymnase Scientifique, 
which he left with the Certificat de Maturité in 1902. Here he 
showed powers of work and a capacity for scientific and mathematical 
subjects which won the highest opinion from his teachers. 

It had always been his father’s desire that he should receive an 
American University education, and at the age of nineteen he 
entered at Cornell. He was then full of high spirits and love of 
adventure, and it was there that he won a bet that he would walk 
sixty miles in twenty-four hours. He covered the distance with 
two hours to spare, although it was in winter and the walk had to 
be made in the snow. However, he found the environment at 
Cornell uncongenial. The free open-air life of the Western States 
had an irresistible attraction for him, and to the concern of his 
parents he broke off his University career and went to California, 
where a maternal uncle had an estate. Here he learnt all the craft 
of the ranch—afterwards at Cambridge he would sometimes amuse 
’ his friends by illustrating with a rope some of the skill that he had 
acquired with the lariat—and for some time he lived an independent 
life, maintaining himself as ‘“ broncho-buster” and cowboy. 
Drifting in this way from California to Texas, he came at length to 
the little township of Throgmorton. Here there was a school- 
master who had some knowledge of physics and with him Vernon 
became very friendly. The two used to discuss scientific problems 
together, and Vernon was made by him to realise that he had gifts 
which were being wasted in the life he was then leading, and was 
persuaded to return to Europe to continue his education. His 
parents were at Wiesbaden, and he joined them there and spent 
six months working in the laboratory of Professor Fresenius. 


Fresenius recognised his ability and encouraged him to take up * 


chemistry as a profession. Accordingly, in 1907, at the age of 
twenty-one, he entered the Eidgendssische Technische Hochschule 
at Zurich, where, after working through the customary four years’ 
course in chemistry, physics, and mathematics, he obtained the 


a er ee ee ee ee ee a a Ee Ee a ae 


OBITUARY NOTICES. 2133 


diploma in 1911. He then began, under the direction of Prof. 
F. P. Treadwell, the work on the electric conductivity of very pure 
water which was to form the subject of his thesis for the doctor’s 
degree. The greater part of this thesis is occupied with the calcula- 
tion of the relations between the inductances and capacities of the 
arms of the Wheatstone bridge which give the sharpest minimum 
of sound in the telephone. He demonstrated the practical utility of 
arrangements based on his results, and employed them to examine 
the methods of obtaining pure water by distillation. After receiving 
his doctor’s degree in the spring of 1914, he began a magneto- 
chemical investigation of platinum compounds with Prof. Pierre 
Weiss, but this was cut short by the events of the following August. 
He was then fishing in the Black Forest and barely succeeded in 
crossing the frontier at the declaration of war. He hastened to 
England to offer his services, but was rejected several times on 
account of eyesight. Ultimately he enlisted in the R.A.M.C., but 
after serving for a short time with that corps he was transferred to 
the Royal Engineers, where he became a despatch rider. In 1915 
he was granted a commission in the 3rd Battn. of the Dorset 
Regiment, and in the spring of 1916 proceeded to the Western 
Front, where he saw much active service, chiefly in the Armentiéres 
district and on the Somme. After two long periods of illness in 
hospital he was pronounced unfit for active service and was trans- 
ferred for duty to the Chemical Warfare Committee, for whom he 
worked, first at the Imperial College of Science in conjunction with 
Prof. Baker on dichlorodiethyl sulphide, and afterwards at Cam- 
bridge in the University Chemical Laboratory, where, at the 
suggestion of Sir William Pope, he began an investigation of the alkyl 
tellurium compounds. 

In July, 1918, Vernon was sent as Chemical Adviser to the Shell 
Filling Factory at Chittening. Here he rendered services of the 
greatest value in contriving precautions to be taken in the handling 
of “ mustard gas,” in working out methods for cleaning up spills 
and rendering the waste innocuous, and in training the operatives 
in the use of the measures which had been devised. It fell to him 
to grapple with the mischances that not infrequently occurred. 
When, for example, as happened in the early days of the factory, a 
defective cock led to a spill of several gallons, it was the Chemical 
Adviser who_had to deal with the emergency. He won the regard 
and confidence both of the staff and of the operatives; the men of 
his special anti-gas detachment in particular gave him willing and 
loyal support. Life in the factory at first was rendered intolerable 
by the vapour of the “‘ mustard gas,” which permeated everything ; 
sometimes, in fact, before the later improvements were introduced. 
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the whole of the workers in a shed would be left on the sick list at 
the end of a four hours’ shift. It was largely through the devotion, 
and indeed the heroism, of the Chemical Adviser that in spite of 
everything the factory was able to send out in a steadily increasing 
stream the shells so urgently needed to enable the troops in the 
field to reply to the deadly weapon which the enemy had adopted. 

By the continuous strain of work such as this Vernon’s health was 
severely tried and at the time of the Armistice he was in hospital 
very dangerously ill with pneumonia. After a period of convales- 
cence in the south of France he was able to return to Cambridge, 
and in the spring of 1919 he entered Gonville and Caius College as a 
research student and resumed his work on the tellurium compounds. 

Before going to Chittening Vernon had prepared a number of 
dimethyltelluronium derivatives. He now examined more closely 
the base formed by treating dimethyltelluronium iodide in aqueous 
solution with silver oxide, and thus made the highly interesting 
discovery that when the solution of this base is evaporated to 
dryness a new base is produced, the salts of which are isomeric with 
those of the original series. As a difference of structure seems 
excluded, the two series of salts are almost certainly stereoisomeric. 
Vernon’s observations indicate therefore that in dimethyltellur- 
onium iodide the four radicles about the tellurium atom have not a 
regular tetrahedral arrangement as might have been anticipated, 
but lie more or less in one plane. 


According to this view the «-salts and «-base are trans-compounds, 
the $-salts are cis-compounds, and the displacement of the methyl 
groups on heating the «-base is due to the fact (for which some 
experimental evidence was obtained) that the 8-base is an oxide. 
The marked analogy which this formulation indicates between the 
configurations of the dimethyltelluronium iodides and those of 
platosamminochloride and platosemidiamminochloride as_inter- 
preted by Werner is very suggestive. 


NH,- 


. Cl NH;- Cl 
qi Pt NH, and NH Pt< Gy 


This work, the results of which are published in four papers in the 
Society’s Transactions (T., 1920, 117, 86, 889; this vol., p. 105, 
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687), occupied Vernon until Christmas, ‘For it he was awarded the 
certificate of research of the University and in due course took his 
B.A. degree. 

During the Christmas vacation, which he spent at Montreux, he 
was attacked with another serious illness, and in, consequence had 
to undergo a severe abdominai operation, so that he was unable to 
return to Cambridge until Easter, 1920. He was then appointed 
to the official position in the University of Assistant to the Professor 
of Chemistry and began, in conjunction with Sir William Pope and 
Mr. F. G. Mann, a detailed experimental investigation of the inter- 
action of ethylene and sulphur monochloride (this vol., p. 634). 
During the next few months his health, to external appearances, 
improved greatly, and he seemed to have made a complete recovery 
from the operation at Montreux, but in the late autumn disturbing 
symptoms of arterio-sclerosis, brought about by the kidney disease 
left as a consequence of his early illness, showed themselves and 
increased in gravity through the early months of the present year. 
He sank very rapidly at the end and died on April 9th, 1921, at the 
age of thirty-six. 

Although Vernon had been at Cambridge for comparatively so 
short a time, he had gained the affectionate regard of many of the 
senior members of the University as well as of the younger men, for 
his personality was one of singular charm and attractiveness that 
rapidly won the friendship of all with whom he was more closely 
associated. His education had been so different from that of the 
men whom he met in the laboratories and colleges as to give him a 
fresh and often unconventional outlook on the questions that arose, 
and the engaging frankness with which he would state his views 
made him always an interesting companion. 

As a chemist he was gifted with quite exceptional experimental 
skill. All who were familiar with his methods of work were greatly 
impressed with his powers and know that through his untimely 
death an investigator of unusual promise has been lost. 

W. H. M. 
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Polysaccharides, constitution of (IRVINE 
and OLDHAM), 1744. 
Potassium ¢ri- and per-thiocarbonates 
(YEOMAN), 46. 
hydroxide, fused, action of, on 
phenylglyceric acid (LE SuzuR and 
Woop), 1697. 
sulphate, equilibrium in the system, 
glucinum sulphate, water, and 
(BRITTON and ALLMAND), 1463. 
Pyridine, C,H,;N. 
Pyridine derivatives, crystallography of 
(PoRTER), 1769. 


Q. 


Quinaldine, C,,H,N. 

Quinine, O2.H,O,N,. 

Quinoline compounds, hydrogenated, 
physical and physiological properties 
of (SHIMOMURA and CoHEN), 740. 


Racemice acids, resolution of, by means 
of optically active alcohols (WREN 
and WricHt), 798. 

Radiation hypothesis applied to chemical 
reactions (Cox), 142. 

Reactivity, influence of constitution on 
(GurTa), 298. 

Rubidium selenodithionate 

and Smiru), 1068. 
sulphites (MorGAN and SmiTH), 1069. 
a - ean of (BAKER and HUvLTon), 


(MoRGAN 


Salvarsan, commercial, sulphur deriv- 
atives in (Kine), 1107, 1415. 

Selenodithionic acid and its metallic 
salts (MorGAN and Smirn), 1066. 

Silicon organic compounds (Kirpinc), | 
647 ; (Kipprne and Sanps), 830, 848. | 


Silver, action of solutions 
sulphates on (Higson), 2048. 
Soap curd, hydration of the fibres of 
(McBain and Martin), 1369; 
(McBain and SaALmon), 1374; 
(LainG), 1669. 
solutions, interfacial and 
tensions of (REYNOLDs), 473. 
Soaps, use of, as protective colloids for 
colloidal gold (IREDALE), 625. 
um, action of, on phenyl acetate 
(VERKIN), 1284. 


CXIX. 


of per- 


surface 


| Sodium 
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tri- and _ per-thiocarbonates 

(YEomMAN), 40. 

chloride, solubility of ethyl ether in 
solutions of (THORNE), 262. 

hydroxide, fused, properties of (WAL- 
LAcK and FLEcK), 1839. 

selenodithionate tetrahydrate (Mor- 
GAN and Smits), 1067. 

Solubility, influence of position in 
substitution on (Sipewick and Ew- 
BANK), 979 ; (Sipewick and ALDovs), 
1001 ; (StpGwick and Rusiz), 1013. 

Solutions, influence of salts on chemical 
equilibria in (BRONSTED), 574. 

Solvents, mixed, velocity of reaction in 
(CASHMORE, McComBIE, and Scar- 
BOROUGH), 970. 

Spectra, mass, 
(Aston), 677. 

Stannic chloride. See under Tin. 

Stearic acid, C,,H,,0,. 

Strontium ¢r?- and per-thiocarbonates 
(YEoMAN), 49. 

Strychnine, C,,H,,0,N3. 

Sulphonamides, aromatic, action of 
diazo-salts on (Durr, WHITEHEAD, 
and WoRMALL), 2088. 

Sulphonium compounds, molecular con- 
ductivity of, in acetone (RAy and 
KumAR), 1643. 

Sulphur monochloride, action of, on 

organic acid amides (Naik), 1166. 
action of, on ethylene (MANN, Pore, 
and VERNON), 634. 
action of, on substituted ethylenes 
(Pore and Sir), 396. 
chlorides, action of, on substituted 
ethylenes (CoFFEy), 94. 

Sulphuryl chloride, chlorination of 
benzene with (SILBERRAD), 2029. 
Persulphates, action of solutions of, 
on metallic silver (H1Gson), 2048. 

Sulphur organic compounds, action of 
Grignard reagents on (HEPWORTH and 
CLAPHAM), 1188. 

Sulphuryl chloride. See under Sulphur. 

Surface tension, determination of, from 

capillary rise (SUGDEN), 1483. 
of saturated liquids (REYNOLDS), 467. 
of salts of the fatty acids (WALKER), 
1521. 


and atomic weights 


T. 
Tantalum :— 

Tantalocolumbates, analysis of 
(ScHOELLER and PowWELt), 1927. 
Terpenes, chemistry of (HENDERSON and 

Marsa), 1492. 

Tellurium organic compounds (KNAGGs 
and VERNON), 105; (VERNON), 687. 
Temperature-coefficients of chemical re- 

actions (Cox), 142. 
4E 
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Tetrahydrocarbazole, C,,H,,N. 

Thallium organic compounds 
DARD), 672, 1312. 

Thianthren series, syntheses in the 
(RAy), 1959. 

Thorium-B and -C, adsorption of, by 
ferric hydroxide (CRANSTON and 
BuRNETT), 2036. 

Stannic chloride, action of phenyl- 
dimethylarsine with (BuRRows and 
TURNER), 1449. 

Tin organic compounds (Druce), 758. 


Uv. 


Unsaturated compounds, formation of, 
from halogenated open-chain com- 
pounds (INGoLD), 305, 951 ; (FARMER 
and InNGoLp), 2001. 


| 
| 
| 
| 
| 
| 
| 
| 
| 


INDEX OF SUBJECTS. 


V. 


(Gon- | Valency, electrochemical theories of 


(FRIEND), 1040. 
and co-ordination (BrigGs), 1876. 
Velocity of reaction in mixed solvents 
(CASHMORE, McCompBig, and Scar- 
BOROUGH), 970. 
involving gases, influence of colloids 
on (FrnpLAy and Tuomas), 170. 


Y. 


Yeast, factors influencing the growth of 
(StaTor), 115. 


Z. 


| Zine, reduction of acid solutions of ferric 


sulphate by (SuGDEN), 233. 

Zirconium, separation of, from colum- 
bium and from tantalum (SCHOELLER 
and PowELL), 1927. 


FORMULA INDEX. 


THE following index of organic compounds of known empirical formula is arranged 
according to Richter’s system (see Lexikon der Kohlenstof -Verbindungen). 

The elements are given in the order C, H, O, N, Cl, Br, I, F, S, P, and the 
remainder alphabetically. 

The compounds are arranged— 

Firstly, in groups according to the number of carbon atoms (thus C, group, 
C, group, ete. ). 

Secondly, according to the number of other elements besides carbon contained in 
the molecule (thus 5 IV indicates that the molecule contains five carbon atoms and 
four other elements). 

Thirdly, according to the nature of the elements present in the molecule (given in 
the above order). 

Fourthly, according to the number of atoms of each single element (except carbon) 
present in the molecule. 


Salts are placed with the compounds from which they are derived. The chlorides, 
bromides, iodides, and cyanides of quaternary ammonium bases, however, are register 
as group-substances, 


C, Group. 


CH, Methane, ignition of mixtures of air and (MorGAN and WHEELER), 241; 
lability of halogen atoms in substituted nitro-derivatives of (MACBETH and 
PraTT), 1356 ; synthesis of the polyacetic acids from (INGoLD), 341; (INGOLD 
and PowE LL), 1222, 1869; (INGoLv and PERREN), 1582, 1865. 


CCl, Carbon tetrachloride, purification and condensations of (INcoLD and 
THORPE), 1227. 


1 Il 

CHCl, Chloroform, additive compound of 4’-dimethylamino-2-hydroxydistyry] 

ketone with (HEILBRON and Buck), 1510. 
CH,O Formaldehyde, photosynthesis of (BALY, HEmLBron, and BARKER), 1025. 
CH,O, Formic acid, preparation of (Corrry and Waxp), 1303. 
CHI, Methylene iodide, preparation of (PERKIN and ScarBorovGn), 1408, 
CH,S, Trithiocarbonic acid, salts of (YEOMAN), 38. 
CH,S, Perthiocarbonic acid, salts of (YEOMAN), 38. 


1 Ill 
CHO,N, Nitroform, preparation of halogen derivatives of (MacBerH and Pratt), 
oo 5 colorations produced by substituted derivatives of (GRAHAM and MAcBETH), 
CH,N,S Thiocarbamide, additive compounds of azonium iodides with (SIncH 
and Lat), 210. 
CH,N.S, Dithiocarbazinic acid, and its salts (Losanircn), 763. 
CO,NCl, Chloropicrin, preparation of (Oxron and McKir), 29. 
CO.N,Cl Chlorotrinitromethane (MacsErH and Pratt), 354. 


C, Group. 
C,H, Acetylene, explosion of nitrogen and (GARNER and Marsuno), 1903 ; 
action of mercuric chloride with (JENKINS), 747. 
C,H, Ethylene, propagation of flame in mixtures of air and (CHAPMAN), 1677 ; 
action of sulphur monochloride with (MANN, Porz, and VERNON), 634. 
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2 II 
C,H,O, Acetic acid, equilibrium of aniline with (O’Connor), 400; additive 
compounds of, with benzene and 4’-dimethylamino-2-hydroxydistyryl ketone 
(HgILBRON and Buck), 1511. 
C.H,I Ethyl iodide, velocity of reaction of sodium §-naphthoxide and (Cox), 
149, 


C.H,O Ethyl alcohol, additive compound of 4’-dimethylamino-2-hydroxy- 
distyryl ketone with (HxmBron and Buck), 1510. 


C.H,,N Diethylamine, action of ethyl nitrate o1. (Gisson and Macsern), 441. 


C,HOC], Chloral, condensation of cresotic and gallic acids with (ALIMCHANDANI 
and MeLprum), 201. 

C,H,0,Cl, Dichloroacetic acid, preparation of esters of (Crompron and 
TRIFFITT), 1874. 

C,H,Cl,As 6-Chlorovinyldichloroarsine (GREEN and Price), 451. 

C,H,ONa Sodium ethoxide, action of carbon tetrachloride with (INcoLD and 
PowELt), 1228. 

C,H,0O,N Ethyl nitrate, preparation of (HEPworTH), 254; action of diethyl- 
amine on (Gisson and MacserH), 441. 

C.H,Br,Sn Ethylstannic tribromide (Drvce), 761. 

C,H,OS Monothioethylene glycol (BENNETT), 422; condensation reactions 
of (BENNeTT and WuIncop), 1860. 

C,H,O,Sn Ethylstannic acid, and its salts (Druce), 758. 

C,H,O,S Ethyl hydrogen sulphate, equilibrium of the formation of (DunnI- 
CLIFF and Burtier), 1384; potassium salt, dimorphism of (HamMicK and 
MULLALY), 1802. 

C.H,NsS, Methy! dithiocarbazinate (Losanitcn), 764. 

C.H.N,S, Sulphidodithiocarbamide, dihydrochloride of (Nar), 1168. 

€,H,IT]1 Thalliumdimethyl iodide (Gopparp), 674. 

C,H,I,Te Dimethyltelluronium di-iodides, crystallography and pharma- 
cological properties of (KNaGcs and VeRNon), 105. 

CxH,I,Te Dimethyltelluronium tetraiodide (VERNon), 695. 

C.H,ON 88-Dimethylhydroxylamine, and its salts (HEPwortH), 256. 

C,H,OT1 Thalliumdimethyi hydroxide, salts of (Gopparp), 674. 

C.H,Cl,Sn Ethylchlorostannic acid, and its salts (Deuce), 761. 

C.H,0.Te Dimethyltelluronium dihydroxide, nitrates of (VERNON), 694. 

2IV 


C.H,0.CIBr Chlorobromoacetic acid, preparation of esters of (CRomPTON and 
TRIFFITT), 1874. 


C,H;0,CIS Chloroethanesulphonic acid, sodium salt (BENNETT), 420. 
C, Group. 


C,H, Propylene, action of sulphur monochloride on (CorrEy), 94. 
3 Il 
C;H;Cl Allyl chloride, preparation of (Corrzy and WArp), 1805. 
C,H,O Acetone, action of ammonia on (PATTERSON and McMILLAn), 269. 
Allyl alcohol, preparation of (Correy and Warp), 1303. 
C,H,O, Ethyl] formate, influence of neutral salts on the hydrolysis of (MANNING), 
2079. 


Methyl acetate, rate of hydrolysis of (Burrows), 1798. 
3 Ill 
C,H,O,Na aSodium glyceroxide (Farrsourne and Toms), 1035. 
C,H,IAs Methylethyliodoarsine (Burrows and TurNER), 433. 
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3 IV 
C;H;0.N.Bre Bromomalonamide (BAckKEs, WEsT, and WHITELEY), 364. 
0;H,0,CIS Chloropropanesulphonic acid, barium salt (Corrry), 96; (Porz 
and SmirH), 398. 


C, Group. 
C,H,O, Allyl formate, preparation of (Corrry and Warp), 1308. 
C,H,O, Tartaric acid, decomposition of, by heat (CHaTraway and Ray), 34; 
complex cupric salts of (PAckER and Wark), 1348. 
C,H,O, Ethyl acetate, additive compound of 4’-dimethylamino-2-hydroxy- 
distyryl ketone with (HErLBRON and Buck), 1510. 
ae Ethyl ether, solubility of, in solutions of sodium chloride (THoRNE), 


4 Ill 
C,H,Cl,As 88’-Dichlorodivinylchloroarsine (GREEN and Price), 452. 
C,H,OC], a8-Dichlorovinyl ethyl ether, preparation of dichloro- and chloro- 
bromo-acetates from (CROMPTON and TRIFFITT), 1874. 
C,H,ON, cycloPropanonesemicarbazone (INGOLD), 329. 
C,H,C1,S 88’-Dichlorodiethyl disulphide (BENNETT), 418. 
C\H.CLS; BB’-Dichlorodiethyl trisulphide (Mann, Porz, and VERNoyn), 


C,H, OT] Thalliumdiethyl hydroxide, salts of (Goppaxp), 675. 


41V 
C,H,O.N,S N-Sulphidobisacetamide (Natk), 1167. 
C,H,0.N,Br Bromomalondimethylamide (Backzs, West, and WHITELEY), 
65. 


C,H,0,CIS s-Chlorobutane-y-sulphonic acid, barium salt (Porz and Smirn), 
399. 


C,H,,01.Te, Di-iodotetramethylditelluronium oxide (VERNON), 691. 


4V 
C,Hi1,0N,Cl,Co trans-Dichlorodiethylenediaminecobaltic hydroxide, 
salts of (DuFF), 1987. 


C, Group. 

C;H,0, A*-cycloPropene-1:2-dicarboxylic acid (Farmer and Incoxp), 2015. 

C,H;N Pyridine, additive compound of 4’-dimethylamino-2-methoxydistyryl 
ketone phenylhydrazone with (HEILBRON and Buck), 1520. 

C;H,0, cycloPropanol-1:2-dicarboxylic acid, and its silver salt (INGOLD), 326, 

C,H,O, Lactonic acids of aa’-dihydroxyglutaric acids, and their silver 
salts (INGOLD), 322. 

C;H,0, a-Hydroxyglutaric acid (INGoLp), 318. 

C,H,0, aa’-Dihydroxyglutaric acids (INGoLp), 322. 

C;H,,N Piperidine, action of, on alkyl nitrates (Gisson and Macseru), 438; 
action of, on silicon organic compounds (Ki1ppine and Sanps), 848. 


5 Ill 

C;H,0,Br 1-Bromocyclopropane-1:2-dicarboxylic acid, and its salts (IN- 
GOLD), 325. 

C,H,O,N, 4-Nitro-3:5-dimethylisooxazole (MoRGAN and Buregss), 699. 

C,H,0,Br, Dibromoglutaric acids (INcoLD), 317. 

C;H,0,N Ethyl cyanoacetate, syntheses by means of (INGoLD), 829, 341; 
(INGOLD and PERREN), 1582, 1865 ; sodium derivative, condensation of carbon 
tetrachloride with (INGoLD and PowE LL), 1229. 
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C;H,O.N, 3:5-Dimethylisooxazole-4-diazonium hydroxide, salts of 
(MoreAn and Burcgss), 702. 

C;H,ON, 4-Amino-3:5-dimethylisooxazole, and its hydrochloride (MorGAN 
and Buregss), 700. 

C;H,,0.N Choline, crystalline, preparation of (DupLEyY), 1260. 

, 5 IV 

C;H,ON,Fe Nitroprussic acid, and its salts (BuRRows and TurNER), 1450. 

C;H,ONI 4-lodo-3:5-dimethylisooxazole (Morcan and Burcgss), 1547. 

C;H,O.Br.Te Tellurium acetylacetone dibromide-(Morcan and Drew), 
616. 


C;H,0.I,.Te Tellurium acetylacetone di-iodide (MorcAN and Drew), 617. 
C;H,0.N.S, Dithiomesoxodimethylamide (Nark), 384. 


C, Group. 

C,H, Benzene, adsorption of, by charcoal(Bakr and Krn«), 454 ; chlorination 
of, with sulphuryl chloride (SILBERRAD), 2029; additive compound of 4’- 
dimethylamino-2-hydroxydistyryl ketone with (HEILBRON and Buck), 1510. 

C.H,. A-Ethyl-Aas-butylene (Kon), 821. 

6 Il 

C.H,0, p-Benzoquinone, additive compound of 4’-dimethylamino-2-hydr- 
oxydistyryl ketone with (HEILBRON and Buck), 1511. 

C,H,O Phenol, additive compound of 4’-dimethylamino-2-hydroxydistyryl ketone 
with (HEILBRON and Buck), 1511. 

C.H,N Aniline, equilibrium of acetic acid with (O'Connor), 400; velocity of 
reaction of w-bromoacetophenone and (Cox), 145. 

C,H,O; Methoxycyclopropane-1:2-dicarboxylic acid, and its silver salt 
(INGoLD), 327. 

CoH Os 8-Glucosan, preparation and relationships of (IRVINE and OLDHAM), 
1744. 


a-Methoxyglutaric acid, and its silver salt (INcoLD), 320. 

C.H,,N, 4-8-Methylaminoethylglyoxaline, and its. salts (FARGHER and 
PyMan), 734. 

C,H,,0, Dextrose, mutarolation of, and its catalysis by metals (GARNER and 
JACKMAN), 1936. 

C,H,.zN, Hexamethylenetetramine, compounds of, with metallic salts and 
acids (RAy and SaRKAR), 390. 

6 III 


C,H,0,N; s-Trinitrobenzene, additive compounds of, with 4’-dimethylamino-2- 
hydroxydistyryl ketone and 4’-dimethylamino-2-methoxydistyryl ketone (HEIL- 
BRON and Buck), 1511. 

C.H,0,N, Picric acid, preparation of (Kinc), 2105; equilibrium of 5-phenyl- 
acridine with (BAssETr and Simmons), 416. 

C,H,0,.Fe Ferrioxalic acid, potassium salt (Tomas), 1140. 

C.H,O,N, m-Dinitrobenzene, additive compounds of, with 4’-dimethylamino-2- 
hydroxydistyryl ketone and 4’-dimethylamino-2-methoxydistyryl ketone 
(HerLpron and Buck), 1511. 

C.H,0;N, Dinitrophenols, influence of position on the solubility and volatility 
of (StpewicK and ALpovs), 1001. 

C.H,0O,N Nitrophenols, influence of position on the solubility and volatility of 
(StpewicK and ALpovs), 1001. 

C.H,Br.Bi Phenyldibromobismwuthine, preparation of (CHALLENGER and 
ALLPRESS), 919. 

CoH.O.N Nitroanilines, solubility and volatility of (Sipcwick and Ruiz), 

1013. 
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C,H,NC1 Chloroanilines, solubility and volatility of (Sipewick and Ruste), 
1013. 


C,H,.Cl,;As 88’8”-Trichlorotrivinylarsine (GREEN and Price), 452. 
C,H,ON 8-Benzildioxime (ATack and WuHInyaTss), 1184. 
B-Phenylhydroxylamine, preparation of, from nitrobenzene (LAPWoORTH and 

Pgarson), 765. 

C,H,0,Br, Dibromoadipic acids (PERKIN and Rosinson), 1392. 

C,H,0,I, Di-iodoadipic acids (INGoLpD), 964. 

C,H,NI Methyl pyridinium iodide, mercuri-iodide of, and its crystallography 
(PorTER), 1770. 

C.H,.N.S, Methyl bismethyldithiocarbamate (Losanircn), 765. 

C.H;.Cl,S 88’-Dichlorodi-n-propyl sulphide (Corrgy), 97; (PopE and 
SmiTH), 397. 

CoH 2Cl.Ss Ethylene bis-8-chloroethyl sulphide (BENNETT and WHINCcopP), 
1862. 


C.H,,0.8 88'-Dihydroxydi-n-propyl sulphide (Correy), 96. 
Colt — bis-8-hydroxyethyl sulphide (Bennett and Wuin- 
cop), 1862. 


6 IV 
C,H,ONC] o- and m-Chloronitrosobenzenes (HaworTH and Lapwortn), 
772. 


C,H;,0,NS 6-Nitrophenol-o-sulphonic acid, and its salts (Kina), 1417. 
a. m-Chlorophenylhydroxylamine (HaworrH and Lapworrn), 
C,H,O,N,Cl 2-Chloro-5-nitrophenylhydrazine (PERKIN and PLANT), 1837. 
C.H,O.N.S Nitroaminophenol-o-sulphonic acids (Kine), 1418. 
C.H,O,NS 6-Aminophenol-o-sulphonic acid (Kr1Ne),r1117, 1417. 
C,H,O,N.S 4:6-Diaminophenol-o-sulphonic acid (Kine), 1419. 
C.H,,0.1.Te, Di-iodohexamethyltritelluronium dioxide (VERNON), 690. 


6 V 
C,H,O,NSAs 3-Amino-4-hydroxy-5-sulphinophenylarsinic acid (K1Ne), 
1113. 


8-Amino-4-hydroxy-5-sulphop henylarsenious acid (KiNG), 1420. 
C,H,O,NSAs 3-Amino-4-hydroxy-5-sulphophenylarsinic acid (K1v@), 
114. 


C, Group. 
C:H, Toluene, sulphonation of, with chlorosulphonic acid (HARDING), 1261. 


7 iI 
C,H,O Benzaldehyde, condensation of m-dimethylaminophenol with (KrisHNA 
and Pope), 286. . 
C.H,0, Salicylaldehyde, additive compounds of 4’-dimethylamino-2-hydroxy- 
distyryl ketone with (HEILBRON and Buck), 1512. 
C,H,O, Gallic acid, condensation of chloral with (ALIMCHANDANI and MEL- 
DRUM), 201. 
C,H,Cl, m-Chlorobenzyl chloride (KENNER and WiTHAM), 1460. 
C,H,O, Dimethylpyrone, action of iodine and barium hydroxide on (CoLLIE 
and ReEILiy), 1550. 
C,H,0, Anhydro-acid from methanetriacetic acid (INGoLD), 353. 
C,H,N, 1:1-Dimethylceyclopropane-2:3-dicarboxylonitrile (Brrcu, Gouen, 
and Kon), 1322. 
C.H,,0, cis- and trans-1:1-Dimethylcyclopropane-2:3-dicarboxylic acids 
(Brrcu, Govcu, and Kon), 1322. 
2159 


7II—71V FORMULA INDEX. 


C,H,,0O, Methanetriacetic acid, preparation of (INGOLD), 352. 
C,H,,.0, Diethyl malonate, sodium derivative, condensations of a8-unsatu- 
rated esters with (INcoLD and Powk LL), 1976. 


7 Ill 

C,H;,0.N, Nitro-3-keto-1:3-dihydroindazoles, and their sodium salts (Ken- 
NER and WITHAM), 1055. 

C,H,0,N, 2:4-Dinitro-m-tolylazoimide (Brapy and Bowman), 898. 

C,H;0,N, 2:4:6-Trinitrotoluene, additive compound of 4’-dimethylamino-2- 
hydroxydistyryl ketone with (HeILBRON and Buck), 1511. 

C,H,0,N, Trinitrophenylmethylnitroamine (tetryl), thermal decomposi- 
tion of (HINSHELWOOD), 722. 

C,H;0O,N; Trinitrohydroxyphenylmethylnitroamine, thermal decompo- 
sition of (HINSHELWOOD), 722. 

C,H,O,N, 4-Nitro-l-hydroxymethyl-1:2:3-benzotriazoles (Brapy and 
Bowman), 898. 

C,H,O,N. 2:4-Dinitrotoluene, additive compound of 4’-dimethylamino-2-hydr- 
oxydistyryl ketone with (HeiLBron and Buck), 1511. 

Dinitrotoluenes, partial reduction of (BuRToN and Kenner), 1047. 

C,H,ON, 5-Amino-3-keto-1:3-dihydroindazole, and its hydrochloride (KEv- 
NER and WITHAM), 1056. 

C,H,0,N, Nitroformaldehydephenylhydrazone, tautomerism of (Sme- 
Wick and Ewsanrk), 491. 

C,H,0,I Substance and its salts, from dimethylpyrone, barium hydroxide, 
and iodine (CoLLIE and ReEILuiy), 1553. 

C,H,NS, Phenyldithiocarbamic acid, hydrazine salt (Losanircn), 765. 

C,H,Cl1,Bi p-Tolyldichlorobismuthine (CHALLENGER and ALLPREss), 917. 

C,H,0O,N, 2-Nitro-m-toluidine (Burron and Kenner), 1052. 

C,H,O,N, Dinitrotolylhydrazines (Brapy and Bowman), 894. 

C,H,O,Br, cis-1:3-Dibromocyclopentane-1:3-dicarboxylic acid (Perkin 
and ScarBorovuGH), 1407, 

C,H,N,S, Phenyldithiocarbazinic acid, hydrazine salt (Losanircn), 765. 

C,H,0O,N Caronimide (Bircu, Goven, and Kon), 1822. 

C,H,N.Cl 2-Chloro-3:4-tolylenediamine (Morcan and GLover), 1706. 

C;H,.ON, m-Methoxyphenylhydrazine (Kermacx, Perkin, and Rostn- 
son), 1640. 

C:HyO.Ns 4-Acetylamino-3:5-dimethylisooxazole (MorGAN and Buragss), 


C,H,,0,Br, Methyl aa’-dibromoglutarate (INcoLp), 317. 
C,H,NI Ethylpyridinium iodide, mercuri-iodide of, and its crystallography 
(PorTER), 1770. 
Methyl-a-picolinium iodide, mercuri-iodide of, and its crystallography 
(PorTER), 1772. 
C,H,,0.N, dl-a-Methylamino-8-glyoxaline-4-propionie acid, and its salts 
(FARGHER and PyMAn), 736. 
C,H,,0,N Ethyl a-carbamylerotonate (Gupra), 303. 
C,H,,0,N, Glycylcholine, and its salts (DupLEy), 1256. 
7 IV 
C,H,0.N,Cl 3-Chloro-5-nitroindazole (KENNER and WirHam), 1057. 
C,H,O,NCl o-Chlorodinitrotoluenes (MorcaN and Jonzs), 187. 
C,H,0,C1,S 2:6-Dichloro-p-toluenesul phonyl chloride (Davres), 872. 
C,H,0,N,Cl 3-Chloro-2:4-dinitrotoluene (Brapy and Bowman), 897. 
o-Chlorodinitrotoluenes (MorGAN and CHALLENOR), 1537; (MorGAN and 
GLovER), 1700. 
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C,H;0,N,I 3-lodo-2:4-dinitrotoluene (Brapy and Bowman), 897. 

C,H,ON;C1l 4-Chloro-l-hydroxy-5-methyl-1:2:3-benzotriazole, and _ its 
hydrazine salt (MorcAN and GLovER), 1705. 

C,H,O,NCl p-Nitrobenzyl chloride, condensation of nitroso-compounds with 
(Barrow and GRIFFITHS), 212. 

C,H,0,C1,S 2-Chloro-p-toluenesulphony! chloride, preparation and nitra- 
tion of (Daviss), 860. 

6-Chloro-o-toluenesulphonyl chloride (DAvrgs), 878. 
C,H,O;NC1 2-Chloro-5-nitro-p-cresol, and its salts (DAviEs), 866. 
—~ 2:6-Dichloro-p-toluenesulphonic acid, and its salts (Davies), 


C,H,O,N,Cl 2-Chloro-3:5-dinitro-p-toluidine (Daviess), 868. 

C,H,NCIBr, 6-Chloro-2:4-dibromo-m-toluidine (Davies), 866. 

C,H,O0,N.Cl 2-and 6-Chloro-4-nitro-m-toluidines (MorGAN, CHALLENOR, and 
JONES), 1544; (MorGAN and GLovgEr), 1704. 

C;H,0,C1IS o- and p-Toluenesulphony! chlorides, melting points of mixtures 
of (HARDING), 260. 

C,H,0,CIS 6-Chloro-o-toluenesulphonic acid, and its salts (DAvigs), 879. 

C,H,,0,Cl],Te Tellurium O-ethylacetylacetone trichloride (MorGAN and 
DrEw), 613 

Coase Dibromomalondiethylamide (Backes, West, and Wuirr- 
LEY), 367. 

C;H0.N.Br Bromomalondiethylamide (Backes, Wrst, and WHITELEY), 


7V 

C,H,O,NCIS 6-Chloro-o-benzoicsulphinide (Davigs), 880. 

C,H;0,NC1,S Chloronitro-o- and -p-toluenesulphonyl chlorides (Davigs), 
864, 870, 884. 

C,H,O;,NCIS Chloronitro-o- and -py-toluenesulphonic acids, and their salts 
(Davigs), 865, 870, 884. 

C,H,O,NC1S 2:6-Dichloro-p-toluenesulphonamide (Davrgs), 872. 

ae Chloronitro-o- and -p-toluenesulphonamides (Davigs), 865, 
870, 884. 

C,H,O,NCIS 6-Chloro-o-toluenesulphonamide (Daviss), 879. 

C,H,O,NCIS 6-Chloro-m-toluidine-4-sulphonic acid (Davies), 865. 


C, Group. 


GsHig 1:1-Dimethylcyclohexane from methylheptenone (CRossLEy and RENOUF), 
271. 


: 8 Il 
C,H,O, Carboxymethanetriacetic dianhydride (INcotp and PoweEL1), 
1873. 


C;H,O, Anisaldehyde, additive compound of 4’-dimethylamino-2-hydroxy- 
distyryl ketone with (HzILpRoN and Buck), 1512. 
Phenyl acetate, action of sodium on (PERKIN), 1284. 
C,H,O, Cresotic acids, condensation of chloral with (ALIMCHANDANI and 
MELDRUM), 201. 
C,H,N, 6-Amino-5-methylindazole (PEARMAN), 718. 
C,H,,0, Lactone of B-hydroxy-8-methylbutane-yds-tricarboxylic acid 
(Brrcu, GoveH, and Kon), 1323. 
cis- and trans-cycloPentane-1:2:3-tricarboxylic acids, synthesis and resolu- 
tion of (PERKIN and Rosinson), 1392. 
C,H,,0, »-Butane-afys-tetracarboxylie acid (INGoLp), 348. 
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C,H,,.0, Carboxymethanetriacetic acid, and its salts (INco.D and PoweEtt), 
1869. 


C,H,,As Phenyldimethylarsine, additive compounds of, with arsenic and 
phosphorus iodides, and metallic iodides (BURROWS and TURNER), 1449. 

C.H,.0 cycloPentenylacetone (Kon), 823. 

C,H,.0, Ethyl] cyclopentanone-3-carboxylate (INGOLD and THORPE), 500. 

C.H,.0, cycloPentane-l-acetic-l-carboxylic acid (Norris and Txorpr), 
1208. 


C,H,.0, w-Methylmethanetriacetic acid (INGoLD and PErREn), 1599, 1868. 
C,H,,0 Ketone, from 88-diethylgluiaric acid (Kon), 821. 
cycloPentylacetone (Kon), 824. 
C,H,,O Ketone, from reduction of ketone CgH,,O (Kon), 822. 
C,H,,S, Tetramethyldiethylene disulphide (Popz and Smirn), 400. 


8 Ill 

C.H,0,N. 6-Nitro-3:4-methylenedioxybenzonitrile (Kerrie), 1478. 

C,H,0,Cl 4-Chlorophthalic acid, preparation of (Moore, MARkaAcK, and 
Provup), 1788. 

C,H,;NCl, 3-Chloro-2-cyanobenzyl chloride (KENNER and WirHaAm), 1458. 

C,H,OS 3-Oxy(1)thionaphthen, preparation aud derivatives of (SmrLes and 
McCLELLAND), 1810. 

C,H,O,N Hydantoin from 6-carbamido-m-hydroxybenzoic acid (FRog- 
LICHER and CoHEN), 1432. 

C,H,NCl 3-Chloro-o-toluonitrile (KENNER and WirHAm), 1458. 

— w-Bromoacetophenone, velocity of reaction of aniline and (Cox), 
45. 


C,H,0,Cl 3-Chloro-o-toluic acid (KeNNeR and WirHaw), 1458. 
C,H,0O,N, 2:4:6-Trinitrotolylmethylnitrosoamine (Brapy and Grpson), 
104. 


C,H,O,N, 2:4:6-Trinitrotoly lmethylnitroamine (Brapy and Grsson), 98. 

CHES 5-Chloro-6-methylbenziminazole (Morgan and CHALLENOR), 
1542. 

C,H,0.N, 2:3-Dicyano-1:1-dimethylcyclopropane-2-carboxylic acid 
(Brrcu, Goven, and Koy), 1320. 

C,H,0O,.S m-Methylthiolbenzoic ‘acid (Smiies and Stewart), 1797. 

CoH.O.Ns o-Carbamidobenzoic acid, preparation of (Scorr and Coney), 

4 


Nitroacetanilides, solubility and volatility of (Srp@wick and Ruste), 1013. 
C,H,O,N, Carbamido-m-hydroxybenzoic acids (FRoELICcHER and CoHEN), 
1430. 


C,H,O.N, Formaldehyde-2:4-dinitro-m-tolylhydrazone (Brapy and 
Bowman), 899. 

C,H,O,S m-Methylsul phonebenzoic acid (Smites and Stewart), 1797. 

C,H,0O;N, Dinitrotolylmethylnitrosoamines (Brapy and Gipson), 103. 

C,H,O,.N, 2:4-Dinitrophenyl-8-hydroxyethyl ether (FArrspournE and 
Toms), 2077. 

C,H,O,.N, Dinitrotolylmethy]nitroamines (Brapy and Grsson), 103. 

CoH.N,Cl 6-Chloro-2-methy1-2:3-tolylenediazoimine (MorGAN and Jonks), 
191, 


C.H,ON, 2:3-Dicyano-1:l-dimethylcyclopropane-2-carboxylamide (Brrcu, 
GoveuH, and Kon), 1320. 

C,H,O,N Amino-m-methoxybenzoic acids (FROELICHER and ConEN), 1430. 

C,H,O,N, Acetyl.p-nitrophenylhydrazine (MorGAN and Drew), 622. 

C,H,O.N, Dinitromethyltoluidines (Brapy and Gresoy), 101. 
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C,H,ON, 6-Amino-2:3-dihydro-l:4-benzisooxazine (FAIRBOURNE and 
Toms), 2078. 


C,H,O.N, py-Aminophenylaminoacetic acid, hydrochlorides of (Granr and 
PyMmAn), 1901. 


C,H,,0N m-Dimethylaminophenol, condensation of benzaldehyde with 
(KrisHNA and Pope), 286. 


CoH 0.Ns cyclo Pentanone-3:4-dicarboxylic acid semicarba zone (INGOLD), 


CNC 6-Chloro-2-methyl-2:3-tolylenediamine (Monrcan and Jones), 


6- Chioros. -N-methyl-3:4-tolylenediamine (Morcan and CHALLENOR), 
154 
C,H,.NI Ethyl-e-picolinium iodide, mercuri-iodide of, and its crystallography 
(PorTER), 1772. 
Propylpyridinium iodide, mercuri-iodide of, and its crystallography 
(PokTER), 1771. 
C,H,,0.N Ethyl cyanomethylbutyrates (INGoLpD), 339. 
C.H,,ON Oxime of ketone C,H,,0 (Kon), 822. 
C.H,,Cl,S 88’-Dichlorodi-sec.-buty] sulphide (Pope and Smirn), 399. 
C.H,,ON 1-Ethoxymethylpiperidine, preparation of (McLeop and 
Ropinson), 1474. 


8 IV 


C,H;,0,N,Cl Substance, from sodium hypochlorite and 2:4-diketo-1:2:3:4-tetra- 
hydroquinazoline (Scorr and CoHEN), 665. 


C,H,O,NC] Methyl 2-chloro-3-nitrobenzoate (KENNER and StvuBBINGs), 
598. 


C,H,ONC] Chloroacetanilides, solubility and volatility of (Simcwick and 
Rusie), 1013. 


3-Chloro-o-toluamide (KENNER and WirHAM), 1458. 

C.H,0,N,Cl Chloronitrotolylmethylnitrosoamines (Morcan’ and 
JONES), 189. 

C,H,0,N.S 2:4-Dinitropheny] 8-hydroxyethyl sulphide (Bennerr and 
WHINcopP), 1864. 

C.H,0O,N,Cl Chloronitro-N-methyltoluidines (Morcan and Jonks), 189. 

C.H,,0.CIBr 4-Chloro-4-bromo-1:1-dimethylceyclohexane-3:5-dione 
(Nogris and THorPE), 1210. 

C,H,,0,NT1 Thalliumdimethyl nitrophenoxides (Gopparp), 1312. 

C,H,,0,N,Tl Thalliumdimethyl 4:6-dinitro-2aminophenoxide (Gop- 
DARD), 1313. 

C,H,.0.N.S N-Sulphidobisbutyramide (Nark), 1168. 

C.H,,0.C1,S 88’-Dichloto-di-sec.-butylsul phone (Porg and Smirn), 399. 

C,H,,0,S, Sulphidobis-8-hydroxydiethyl sulphide (Brennerr and 
WHINCOP), 1863. 

C,H,,0,N,Co cis-Maleatodiethylenediaminecobaltic hydroxide, salts 
of (DuFF), 388. 

C.H.,0,N,Co cis-Succinatodiethylenediaminecobaltic hydroxide, salts 
of (DuFF), 387. 

C,H,,0,N,Co cis-Mesotartratodiethylenediaminecobaltic hydroxide, 
salts of (DurFF), 388. 

8 V 

C,H,0,N,CI1S ea deaas B-chloroethyl sulphide (Bennett and 

WHINcop), 1864. 


C.H,O,N.BrS 2:4-Dinitrophenyl 8-bromoethyl sulphide (BENNe1T and 
WHINcOP), 1864. 
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C,H,O,N.CIS 2:4-Dinitrophenyl B-chloroethyl sulphoxide (BENNETT 
and WHINcopP), 1864. 

C,H,0;N.BrS 2:4-Dinitrophenyl 8-bromoethyl sulphoxide (Bennett 
and WuIncop), 1864. 

C,H,,0,N,BrCo cis-Maleatodiethylenediaminecobaltic bromide 
(+ 2H,O) (DvuFF), 388. 

C,H,,0,N,Br,Co cis-Dibromosuccinatodiethylenediaminecobaltic 
bromide (+ 2H,0) (Durr), 389. 

C,H,,0,N,Br.Co cis-Dibromosuccinatodiethylenediaminecobaltic 
hydroxide (DuFF), 389. 

C,H..0,N,BrCo —cis-Succinatodiethylenediaminecobaltic bromide 
(+ 2H,O) (Durr), 387. 

C,H»O.N,BrCo cis-Mesotartratodiethylenediaminecobaltie bromide 
(+ 2H,O) (DuFF), 388. 


C, Group. 


C,H,N, 4-Phenylglyoxaline, and its salts (Grant and Pyman), 1896. 
C,H,.0, Atrolactinic acid, resolution of (WrEN and Wricut), 798. 
a-Hydroxy-8-phenylpropionic acid (Wren and Wricnr), 798. 

C,H,,0, Phenylglyceric acid, action of fused potassium hydroxide on 
(LE Surur and Woop), 1697. 

C,HyN, 5-Amino-4-p-aminophenylglyoxaline, dihydrochloride of (Grant 
and PymaAn), 1900. 

CoH! s cycloHexane-l-acetic-l-carboxylic anhydride (Norris and 


HORPE), 1206. ‘ 
C,H,,0, Acid, from oxidation of cyclohexane-1:1-diacetic acid (INcoLD and 


PowEtt), 1870. 
C,Hy,0, cycloHexane-l-acetic-l-carboxylic acid, and its silver salt (NorRIs 
and THORPE), 1206. 
C,H,,0, Trimethyl saccharolactonic acid (IRvinz and OLpHAM), 1757. 
C,H,.0, Ethyl! a-hydroxyglutarate (Incoxp), 318. 
Trimethyl §-glucosan, preparation of (IRvingz and OLDHAM), 1754. 


9 III 
C,H;0,Cl, 3:4:5-Trihydroxy-2-trichloromethylphthalide (ALmmcHan- 
DANI and MELDRUM), 206. 

C,H,O,N, Diketotetrahydroquinazolinecarboxylic acid, and its sodium 
salt (Seort and CoHEN), 667. 
C,H,O,N, 5-Nitro-4-p-nitrophenylglyoxaline, and its nitrate (GRANT and 
PyMAn), 1898. , 

C,H,OCl Chloro-l-hydrindones (Kenner and WirHam), 1459. 
C,H.0.N, 4-Nitrophenylglyoxalines, and their salts (Grant and Pyman), 
897. 


CoH.0,Ns 5-Nitro-4-p-hydroxyphenylglyoxaline (Grant and Pyman), 


C,H,O,N, Acetyl derivative of 5-nitro-3-keto-1:3-dihydroindazole 
(KENNER and WITHAM), 1055. 

C,H,0O,N, 5-Nitro-4-p-aminophenylglyoxaline, and its dihydrochloride 
(GRANT and PyMAN), 1901. 

C,H,0,N, 6-Nitroveratronitrile (KeFFLER), 1479. 

C,H,O;N, 3-Carbamidophthalic acid (+ 4H,O) (Scorr and ConEn), 666. 

C,H«N.S 2-Thiol-4-phenylglyoxaline, and its salts (Granr and Pyman), 


C,H,ON 6-Methoxyindole (Kermaoxk, Perkin, and Rosrnson), 1632. 
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C,H,0,C1 5-Chloro-2:4-dimethylbenzoic acid (MorcAn and Hickinporrom), 
1891. 
B-m-Chlorophenylpropionic acid (KENNER and WITHAM), 1460. 
C,H,0.Br 5-Bromo-2-methoxyphenylacetaldehyde (Reap and ANDREWS), 
1785. 


C,H,0,Cl Cinnamic acid chlorohydrin, preparation of (READ and 
ANDREWS), 1777. 

C,H,O,Br Cinnamic acid bromohydrin, and its salts (Reap and ANDREWS), 
1778. 


C,H,O,I Acetyl] derivative of substance C,H,O,I (CoLtie and Rettiy), 1554. 
C,H,O,N o-Nitro-p-methoxyphenylacetic acid (KeRMACK, PERKIN, and 
Rosrnson), 1631. 
3-Nitro-2-methoxy-p-toluic acid (StmonsEN and Rav), 1342. 

C,H,0;N, 4:5-Dinitroaceto-o-toluidide (MorGAN and GLover), 1703. 
C,H,0,,Co Cobaltimaloniec acid, potassium salt (Tuomas), 1140. 

ae oe 5-Chloro-1:6-dimethylbenziminazole (MorcGaNnand CHALLENOR), 

41. 


C,H»0,N, Malonphenylamide (+ }3H,0) (Backes, West, and WHITELEY), 
372. 


C,H,O,N, 2-Nitroaceto-m-toluidide (Burton and KENNER), 1052. 
CyH1.0,.N, Carbamido-m-methoxybenzoic acids (FroxLIcHER and CoHEN), 
1430. 


3-Nitro-2-methoxy-p-toluamide (S1ImonsEN and Rav), 1342. 

C,H1s0,N, Acetaldehyde-2:4-dinitro-m-tolylhydrazone (Brapy and 
30WMAN), 899. 

C,H,0;N, a8-Dicyano-y-hydroxy-y-methylbutane-a8-dicarboxylic acid, 
and its silver salt (BrrcH, GouGH, and Kon), 1323. 

C,H,,0,N, Acety1-2:4-dinitro-m-tolylhydrazine (Brapy and Bowman), 897. 

C,H,,ON p-Dimethylaminobenzaldehyde, additive compound of, with 4’- 
dimethylamino-2-hydroxydistyryl ketone (HEILBRON and Buck), 1507. 

C,H,,0.Ns p-Acetylaminonitrosomethylaniline (Perkin and P.ant), 
1835. 


C,H,,0;N 8-Amino-2-methoxy-p-toluic acid, and its salts (SrtmonsEN and 
RAv), 1348. 
B-Hydroxy-8-3:4-methylenedioxyphenylethylamine, and _ its salts 
(Mason), 1077. 
C,H,,0,N, Dinitrodimethyltoluidines (Brapy and Gipson), 102. 
4-Nitro-2-carbethoxyphenylhydrazine (KENNER and WirHam), 1055. 
C,H,,0,Br, Methyl cis-1:3-dibromocyclopentane-1:3-dicarboxylate (PER- 
KIN and ScARBOROUGH), 1407. 
C,H,,0N, p-Acetylaminophenylmethylhydrazine (Perkin and PLAN?), 
1835. 


C,H,,0,Be Ethyl a-bromoglutaconate (Farmer and INGotp), 2013. 

C,H,,0,Br, Ethyl aa’-dibromoglutarate (INcoxp), 318. 

C,H,,NI Propyl-a-picolinium iodide, mercuri-iodide of, and its crystallo- 
graphy (PorTER), 1773. 

C,H,,ON, Semicarbazone of cyclopentenylacetone (Kon), 823. 

C,H,,0As Phenyltrimethylarsonium hydroxide,  cadmi-iodide of 
(Burrows and TurNER), 1449. 

C,H,,0,Br Ethyl a-bromoglutarate (INcotp), 316. 

C,H,,N.I Phenylmethylethylazonium iodide, additive compound of 
thiocarbamide and (Sinen and Lat), 211. 

C,H,,ON, Semicarbazone of ketone C,H,,0 (Kon), 821. 

Semicarbazone of cyclopentylacetone (Kon), 824. 
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C,H,,0,.N, Malondi-x-propylamide (Backes, West, and WutreLey), 367. 
C,H,,ON, Semicarbazone of ketone C,H 4,0 (Kon), 822. 
9 IV 

C,H,O,NC1] 5-Chloroisonitroso-1-hydrindone (KENNER and WirHAm), 1461. 

C,H,O.N,Br, Dibromomalondibromophenylamide (Backes, West, AND 
WHITELEY), 373. 

C,H,O,N,Br, Dibromomalonbromophenylamide (Backrs, West, and 
WHITELEY), 373. 

C,H,ONC] Oxime of 5-chloro-1-hydrindone (Kexner and Wrrnam), 1461. 

C,H,0O.N.Br, Bromomalonbromophenylamide (Backes, West, and 
WHITELEY), 373. 

Malondibromophenylamide (Backes, West, and WuHIreLey), 373. 
C,H,0,N.S, Dithiomesoxomonophenylamide (Naik), 1237. 
C,H,O,NC]l Ethyl 2-chloro-3-nitrobenzoate (KENNER and StuBBINGs), 598. 
Ethyl chloronitrobenzoates, condensation of, with hydrazines (KENNER 

and WiTHAM), 1053. 

C,H,0,NI Ethy! 2-iodo-3-nitrobenzoate (KENNER and Stusstnes), 599. 

C,H,0,N,Br, 2:4-Dinitrophenyl #y-dibromopropyl ether (FAIRBOURNE 
and Toms), 1038. 

C,H,0;N,Cl 2-Chloro-3:5-dinitroaceto-p-toluidide (Daviess), 868. 

C,H,0,N,Cl Formate of 5-chloro-6-methylbenziminazole (MorGaNn and 
CHALLENOR), 1542. 

C,H,ON,S w-Aminoacetophenone thiocyanate (Grant and PymAn), 1896. 

—. ee phenylthiocarbamate (BenNerr and Wuiv- 
CoP), , 

C,H,,0,NT1 Thalliumdimethy]l 3-nitro-o-tolyloxide (Gopparp), 1314. 

aa ee Bromomalonyldiurethane (Backes, West, and WHITELEY), 


C.H,.0,N,Br, Dibromomalondi-n-propylamide (Backes, West, and 
WHITELEY), 368. 
ae Aad Bromomalondi-n-propylamide (BackEs, West, and WHITBLEY), 


C.H,.0 Neo cisCitraconatodiethylenediaminecobaltic hydroxide, 
hydrogen citraconate of (DuFF), 389. 


C,. Group. 
C,H,. Tetrahydronaphthalene, preparation of derivatives of (Kon and 
SrEvVENsON), 87. 
CioHig Hydrocarbon, from Andropogon Jwarancusa (SIMONSEN), 1649. 
10 II 
C,.H,O, 3-Methoxy-4-methyl-o-phthalic anhydride (Simonsen and Rav), 
1344, 


C,oH,N Quinaldine, synthesis of (MiLLs, HARRIs, and LAMBOURNE), 1294. 
C,,H,,0 ar-Dihydro-a-naphthols (Rowe and Levin), 2021. 
C.oH,,0, 6-Hydroxy-5-carboxy-m-tolylacetic acid, and its silver salt 
(ALIMCHANDANI and MELDRUM), 209. 
3-Methoxy-4-methyl-o-phthalic acid, and its salts (StmonseN and Rav), 
1345. 
m-Opianic acid, and its silver salt (FARGHER and PERKIN), 1739. 
CipHyN, 6-Aminoquinaldine (HAMmEn), 1435. 
CyHyCl 4-Chlorobutenyl benzene (MorGan and Hickinpottom), 1886. 
Cio9H,,0, - and iso-Eugenols, analysis of mixtures of (McK1k), 777. 
Hydroxypheny] n-propyl ketones (MorcANn and HIcKINBoTToM), 1884. 
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CioH,.0, 5-Hydroxy-4-methoxy-o-tolyl methyl ketone (FARGHER and 
PERKIN), 1733. 

CyH,0, Ethyl 6-ethoxy-2-pyrone-5-carboxylate (INcoLp and PERREN), 
1601. 


CioH,2N, cyclohexane spirocyclopropane-2:3-dicarboxylonitrile (Bircn, 
GovueH, and Kon), 1325. 
1:4-endoMethylene-6-methyltetrahydroquinoxaline, and its salts (MooRE 
and DovuBLEDAY), 1172. 
C,oH,sCl 4-Chloro-n-butyl benzene (MorGAN and HickinBorttom), 1886. 
CyH,;AS As-Methyltetrahydroarsinoline, and its salts (Burrows and 
TURNER), 430. 
C;oH,,0.  cycloPentanespirocyclohexane-3:5-dione (NorRIs and THORPE), 1207. 
C,H,40; Hydroxyketodihydroepicampholenic lactone (PERKIN and 
‘LITLEY), 1106. 
C\oH,40, Benzoyl glyceride (FatrsourNE and Toms), 1040. 
y-Lactone of 1-hydroxycyclohexylethane-af-dicarboxylic acid, and its 
silver salt (BrrcH, Goucn, and Kon), 1326. 
C,HyN Epicampholenonitrile (PERKIN and TrrLEy), 1102. 
C,.H;,0 Epicamphor (Perkin and Tit.ey), 1089. 
cycloHeptenylacetone (Kon), 827. 
Piperitone (READ and Siru), 779 ; constitution of (StmonsEN), 1650. 
CyoHy0, Dihydroepicampholenolactone (PERKIN and TiTLEY), 1104. 
Epicampholenic acids (Perkin and TITLEy), 1103. 
CioH,.0,; 1-Hydroxycyclohexylethane-af-dicarboxylic acid, silver salt 
(BircH, GoucH, and Kon), 1327. 
C,.H,,Cl Hydrochloride of hydrocarbon, CygH,, (StmoNsEN), 1649. 
C,.H,s3Br, Dihydrobromide of hydrocarbon, C, gH,, (SmmonsEN), 1650. 
C,.H,.N /-Epicamphylamine (Perkin and TitLEy), 1105. 
CyoH2.0, Trimethy|l-8-methylglucoside (Irvine and OLDHAM), 1758. 


10 III 

C,oH,O.N 1:2-Naphthaquinone-l-oxime, hexamminocobaltic salt (MoRGAN 
and SmirxH), 708. 

C,oH,O,N 7-Oxy-1:2-naphthaquinone-l-oxime, pentamminodicobaltic salt 
(MorGaAN and SmiTH), 709. 

— Sodium-f-naphthoxide, velocity of reaction of ethyl iodide and 
(Cox), 149. 

C,.H,O,N 7-Hydroxy-1:2-naphthaquinone-l-oxime, cobaltic salt (MORGAN 
and Smits), 708. 

CoHBr.Bi a-NaphthyJdibromobismuthine (CHALLENGER and ALLPRESS), 
919. 


C,oH,O,S 2-Acetyl-3-oxy(1)thionaphthen (Smites and McCLELLAND), 1814. 

C,.H,0,.N, Dinitro-2:3:6:7-dimethylenetetraoxyanthraquinonedi-imide 
(KEFFLER), 1479. 

C,,H,0,N, 2:4-Dinitro-5:8-dihydro-a-naphthol (Rowe and Levin), 2028. 

C1oHO.N Scatole-2-carboxylic acid (KermMack, PERKIN, and Rosrnson), 


CioH,O,N 2-Methoxy-3-cyano-p-toluic acid, and its silver salt (SIMONSEN 
and Rav), 1344. 
“caer acid (KERMACK, PERKIN, and RoBINson), 
632. 
3-Methoxy-4-methyl-o-phthalimide (SrmonsEn and Rav), 1345. 
Nitrodihydro-a-naphthols (Rowe and Levin), 2026. 
C,.H,0,Cl_ m-Chlorobenzylmalonic acid (KENNER and WiTHAM), 1460. 
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C,H,O.N o-Nitro-p-methoxyphenylpyruvic acid (KermAck, Perkin, and 
Rosrnson), 1630. 

C,oH,0,Cl, 4-Hydroxy-5-88-dichloroethyl-m-toluic acid, and its calcium 
salt (ALIMCHANDANI and MELDRvUM), 208. 

CioHy»O,N, 2:3:6:7-Dimethylenetetraoxyanthraquinonedi-imide (Kur- 
FLER), 1479. 

C,,.H,,0,Br, a:5-Dibromo-8-hydroxy-2-methoxy-8-phenylpropionie acid, 
and its brucine salt (READ and ANDREWs), 1783. 

CyH,,ON 6-Methoxy-3-methylindolée (KermAck; Perkin, and Rosrnson) 
1640. 


CyH,,0C1 Chlorophenyl n-propyl ketones (MorGaANn and Hicktnsorrom), 
1885. 


CyoH,,0.N 38-Methoxy-4-ethoxybenzonitrile (Kerrier), 1481. 
C,H,,0;N Nitrophenyl n-propyl ketones (Morgan and HicktnsottTom), 
1882. 


CyH,,0,N 3-Nitro-4-hydroxyphenyl n-propyl ketone (Morcan and 
HICKINBOTTOM), 1888. 

C,.H,,0;N 4-Carbethoxyamino-m-hydroxybeénzoic acid (FrogLicHER and 
CoHEN), 1430. 

C,H,,CIBr, 4-Chloro-a8-dibromo-n-butylbenzene (MorGAN and Hickin- 
BUTTOM), 1887. 

C,.H,,0.Br, cycloPentanespiro-4:4-dibromocyclohexane-3:5-dione (Norris 
and THORPE), 1210. 


CyH320.S, cycloPentanespiro-3:5-diketo-4-dithiocyclohexane (NAIK), 1240. 


CioH,,0,N. Acetyl derivative of 3-nitro-2-methoxy-p-toluidine (SimonsEN 
and Rav), 1342. 


CioH,,0,N, Acetonedinitrotolylhydrazones (Brapy and Bowman), 899. 
n-Propaldehyde-2:4-dinitro-m-tolylhydrazone(Brapy and BowMan), 899. 


CioH,;,0N Aminophenyl n-propyl ketones, and theit salts (MorcGan and 
HICKINBOTTOM), 1883. 


C,.H,,0.Br cycloPentanespiro-4-bromocyclohexane-3:5-dione (Norris and 
THORPE), 1210. 


CyoH,,0.N, 4-Diazoamino-3:5-dimethylisooxazole (MornGan and BurcEss), 
1547. 


CyH,,;0,N, 3:5-Dimethylisooxazole-4-azo-acetylacetone (MorcaN and 
BureceEss), 1546. 


CyHyON, Acety]-4:6-diamino-m-xylene (PEARMAN), 718. 
CyH,ClAs y-Phenylpropylmethylchloroarsine (Burrows and TurNEn), 
430. 


CuglipgBr As y-Phenylpropylmethylbromoarsine (BuRRows and TURNER), 
430. 


CioH,;0,N Ethyl a-cyanopropane-Sy-dicarboxylate (INGoLD), 340. 


CigHyO.N, 3-Nitrophenyl n-propyl ketone p-nitrophenylhydrazone 
(MorGAN and Hickrinsorrom), 1882. 


CioH,,.0,Br, Ethyl dibromoadipates (INcoLpD), 962. 
CyoH 00,1, Ethy! di-iodoadipates (Incotp), 963. 
CioH;,ON Piperitoneoximes (Reap and Smirn), 784; (Stwonsen), 1651. 


CioH;,0As Phenyldimethylethylarsonium hydroxide, salts of (BuRROWS 
and TuRNER), 1450. 


Ci9Hy70.Cl Pinene chlorohydrins (HeNpERsoN and Marsh), 1497. 
CyoH;,0,C1 Ethyl a-chloroadipate (INcoup), 961. 
C,oH;,0,Br Ethyl a-bromoadipate (INcotp), 961. 


C,.H,,0,Cl, 1:2-Dichloromenthane-6:8-diol, or Sobrerol dichloride 
(HENDERSON and Marsn), 1496. : 


Pinene dichlorohydrins (HENDERSON and Marsh), 1495. 
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CyoH2,.0,N, d-Piperitonehydroxylamino-oxime (READ and Smirn), 783. 
CioH2,0N 1-isoButoxymethylpiperidine, preparation of (McLEop and Rosin- 
son), 1474. 
10 IV 


C,,H,O,NS, 8-Oxy-1:2-naphthaquinone-2-oxime-3:6-disulphonice acid, 
pentamminocobaltic salts (Morcan and Smita), 713. 

C,,H,O;,NS 1:2-Naphthaquinone-2-oxime-4-sulphonic acid, cobaltic and 
B-naphthylamine salts (MorGAN and Sirs), 710. 

C,,H,0,NS, 8-Hydroxy-1:2-naphthaquinone-2-oxime-3:6-disul phonic 
acid, cobaltic and 8-naphthylamine salts (MorGAN and SmirH), 713. 

CyH,0.N.1 6-Nitroquinoline methiodide (Hamer), 1435. 

C,H, ON;,Cl Chloro-l-hydrindone semicarbazones (KENNER and 
WirHAM), 1459. 

CyH;,0,N.S; Dithiomesoxomono-p-toluidide (Nark), 1237. 

CyoH,.0;NCl 4-Chloro-3-nitrophenyl »-propyl ketone (Morcan and 
HICKINBOTTOM), 1887. 

C,.H,,ONC] 4-Chloro-3-aminophenyl n-propyl ketone, and its hydro- 
chloride (MorGAN and HickINBoTToM), 1888. 

CioH:,0.N,;Br 5-Bromo-2-methoxyphenylacetaldehyde semicarbazone 
(ReaD and ANDREws), 1785. 

C,.H,,0,N,;Tl Thalliumdiethyl 2:4:6-trinitrophenoxide (Gopparp), 1313. 

C,oH,30;N.Tl Thalliumdiethyl 2:4-dinitrophenoxide (Gopparp), 1313. 

C,.H,,0,NT1 Thalliumdiethyl nitrophenoxides (Gopparp), 1812. 

C.oH,,0;NsTl Thalliumdiethyl 4:6-dinitro-2aminophenoxide (Gop- 
DARD), 1313. 

C,.H,,ONBr, Dibromopiperitoneoxime (SIMONSEN), 1652. 

C,.H,,ON,I Substance, from eseroline methiodide, methyl iodide, and sodium 
ethoxide (STEDMAN), 892. 

10 VI 


C,.H.0,N,BrS,Co cis-Bromobenzene-3:4-disulphonatodiethylenedi- 
aminecobaltic hydroxide, salts of (Durr), 1986. 


Ci; Group. 

C,,H,0, Dihydroxynaphthaldehydes (MorcGan and Vinrne), 177. 

C,,H,0O, Substance, from sodium and phenyl acetate (PERKIN), 1289. 

C,,H,N, Norharman, and its salts (KerMack, PerKIN, and Rosinson), 1602. 

C,,H,,.0, 4:5-Dimethoxy-o-phthalonic acid (+ 2H,O) and its acid calcium 
salt (FARGHER and PERKIN), 1735. 

C,,H,.0, o-Methoxystyryl methyl ketone (HErLBron and Buck), 1509. 

C,,H,.0, Methyl m-opianates (Farcuer and Perkin), 1741. 

C,,H,,0, dl-trans-cycloP entane-1:3-dicarboxylic acid, resolution of (PERKIN 
and »CARBOROUGH), 1400. 

C,,H,,0, Ethyl 6-ethoxy-3-methyl-2-pyrone-5-carboxylate (INGoLD and 
PERREN), 1601. 

C,,H,,0, Lactone of 1-hydroxycyclohexylethane-aff-tricarboxylic 
acid (Brrcw, Goucu, and Kon), 1326. 

C,,H,N. 1:4-endoEthylene-6-methyltetrahydroquinoxaline, and its salts 
(Moore and DovsLEpay), 1174. 

C,,H,,0, Hydroxymethylene-l-epicamphor (PERKIN and TuorPE), 1096. 

C,,H,.0, cycloHexanespirocyclohexane-3:5-dione (NorRISs and THorPE), 1205. 

C,,H,,0, Ethyl cyclopentanonedicarboxylate (INcoLp), 349; (INcotp and 
THORPE), 499. 

Cy,H,,0, 1-Hydroxycyclohexylethane-aS8-tricarboxylic acid, silver salt 
(Brrcw, Goucu, and Kon), 1326. 
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11 1—1i U1 FORMULA INDEX. 


C,,H,,AS y-Phenylpropyldimethylarsine (Burrows and Turner), 429. 
C,,H,,0, Ethyl trimethyl saccharolactone (IRvingE and OLpHAmM), 1757. 


11 III 
C,,H,O,N 2-Carboxyindole-3-acetic anhydride (KerMAck, PERKIN, and 
Rosinson), 1623. 
C,,H,O,N 1:2-Naphthaquinone-l-oxime-3-carboxylic acid, cobaltic salts 
(MorcGAN and Smirn), 709. 
C,,H,O,N, 2-m-Nitrophenylglyoxaline-4:5-dicarboxylic acid (FARGHER), 
163. 


C,,H,ON, 5-Keto-4:5-dihydroindolediazine(1:4) (KermMack, PERKIN, and 
Rosinson), 1627. 

C,,H,O.N, Norharmol (Kermack, Perkin, and Rostnson), 1619. 

C,,H,0,S (1)Thionaphtha-4-oxycoumarin (SMILEs and McCLELLAND), 1815. 

C,,H,O,N 2-Carboxyindole-3-acetic acid (KERMACK, PerKIN, and Rosty- 
SON), 1622. 

C,,H,O,N, 2-m-Aminophenylglyoxaline-4:5-dicarboxylic acid (Far- 
GHER), 163. 

C,,H,.0,N, 2-Carboxyindole-3-acetamide (KERMACK, PERKIN, and Rosrn- 
son), 1623. 

C.,H,.0,N, 5-Nitro-p-acetylaminophenylglyoxaline (Granrand Pymay), 
1902, 


C,,H,,0,N, Dimethyldiketotetrahydroquinazolinecarboxylic acid 
(Scott and CoHEN), 668. 
C,,H,,0,N 1:3-Dimethylindole-2-carboxylic acid (KeRMAcK, PERKIN, and 
Rosrnson), 1636. 
3-Methoxy-4-methyl-a-quinolone (KERMACK, PERKIN, and Rosrnson), 1635. 
CyHy0.,N, 1-p-Nitrophenyl-3:5-dimethylpyrazole (MorcaNn and Drew), 
621. 


C,,H,,0,N 6-Methoxy-3-methylindole-2-carboxylic acid (KERMACK, 
PERKIN, and Rosrnson), 1640. 

C,,H,,0,N, 3:5-Dimethylisooxazole-4-azoresorcinol (MorGan and Bvr- 
GEss), 703. 

Ci:H;,0,N, cycloHexanespiro-2:3-dicyanocyclopropane-2-carboxylic acid 
(Brron, Gove, and Kon), 1825. 

C,,H,,0,N, Acetylacetone-p-nitroanil (MorGAN and Drew), 624. 

C,,H,,0,N, 1-p-Nitroanilinoacetylacetone (MorGAN and Drew), 623. 

C,,H,,0N, cycloHexane spiro-2:3-dicyanocyclo propane-2-carboxyiamide 
(Brrcu, Goueu, and Kon), 1324. 

C,,H,;,0,N o-Methoxystyrylmethyl ketoxime (HetiBron and Buck), 1509. 

C,,H,,0,N Carbethoxyamino-m-methoxybenzoic acids (FROELICHER and 
COHEN), 1431. 

C,,H,,0;N, Acetyl derivative of 4-nitro-2-carbethoxyphenylhydrazine 
(KENNER and WiTHAM), 1055. 

C,,H,;,0,.N, Methylmalonomono-o-toluidide (Nark), 1238. 

C,,H;,0,Cl, cycloHexanespiro-4:4-dichlorocyclohexane-3:5-dione (Norris 
and THORPE), 1209. 

C,,H,,0,Br, cycloHexanespiro-4:4-dibromocyclohexane-3:5-dione (Norkis 
and THORPE), 1209. 

C,,H,,0,N, n-Butaldehyde-2:4-dinitro-m-tolylhydrazone (Brapy and 
Bowman), 899. 

Methyl ethyl ketone 2:4-dinitro-m-tolylhydrazone (Brapy and Bow- 

MAN), 899. 

Cy,H,,0,Cl cycloH exanespiro-4-chlorocyclohexane-3:5-dione (Norris and 
THORPE), 1209. 
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Ci:H,;0,.Br cycloHexanespiro-4-bromocyclohexane-3:5-dione (Norris and 
THORPE), 1208. 

C:H1;0;N 4:5-Dimethoxy-o-tolyl methyl ketoxime (Farcuer and PeEr- 
KIN), 1732 

Ci1H1;0:N5 5-Hydroxy-4-methoxy-o-tolyl methyl ketone semicarbazone 
(FARGER and PERKIN), 1733. 

CuHls:0.N Ethyl a-cyano-y-methylglutaconate (INcoLp and PERREN), 


Kt? As-Methyltetrahydroarsinoline methiodide (Burrows and 
TURNER), 431. 

C,,H,,ON Amino methylene-epicamphor (PERKIN and TirTLey), 1101. 

C:,H,,0,N Ethyl cyanomethylglutarates (INGoLD), 338; (INGoLD and 
THorre), 500. 

Ci:H1,0,N,; Semicarbazone of acid, CroH 4%, from oxidation of Z-epicampho- 
lenic acid (PERKIN and TrrtEy), 1107. 

C,,H,,0,Br, isoPropy! aa’-dibromoglutarate (INGoLv), 318. 

Ci:H,,ON; cycloHeptenylacetone semicarbazone (Kon), 827. 

Piperitone semicarbazones (Reap and Smirn), 784 ; (StmonsEN), 1650. 

C,,H..0,N, Malondi-n-and -iso-butylamides(BackEs, West, and WHITELEY), 

368. 


1i IV 

naa, 6(7)-Chloro-7(6)-methylquinoxaline-2;3-dicarboxylic acid 
(+ 2H,O) (MoreGan and CHALLENOR), 1540. 

C,,H,0,N,Br 2-p-Bromobenzeneazoglyoxaline-4:5-dicarboxylic acid 
(FARGHER), 162. 

C,,H,O.N,Br 4-p-Bromobenzeneazo-2-methylglyoxaline-5-carboxylic 
acid (FARGHER), 161. 

C,,H,O.N,Br 2-p-Bromobenzenehydrazoglyoxaline-4:5-dicarboxylic 
acid (FARGHER), 163. 

C,,H,,0,N.Br p-Bromobenzeneazoacetylacetone (Morgan and Drew), 
622. 


C,,H,,0,N.I 6-Nitroquinaldine methiodide (Hammr), 1435. 
C,,H,,0,.CIBr cycloHexanespiro-4-chloro-4-bromocyclo-hexane-3:5-dione 
(Norris and THorPE), 1210. 
C,,H,,O,NT1 Thalliumdiethy] nitrotolyloxides (Gopparp), 1314. 
C,:H..0,.N.Br, Dibromomalondiisobutylamide (Backes, West, and 
WHITELEY), 370. 
C,,H,,0,N.Br Bromomalondi-n- and -iso-butylamides (BAcKEs, West, and 
WHITELEY), 368. 
11 V 
C,,H,,0,.N,SCo cis-o-Sutphobenzoacetatodiethylenediaminecobaltic 
hydroxide, salts of (DuFF), 1985. 
11 VI 
C,,H..0;N,BrSCo cis-o-Sulphobenzoacetatodiethylenediaminecobaltic 
bromide (+ H,O) (Durr), 1985. 


C,;, Group. 
C,,H,N Carbazole, oxidation of (Perkin and TucKER), 216; additive compound 
hy -dimethylamino-2-hydroxydistyrylketone with (HEILBRON and Buck), 
C,.H,N. Harmine (Kermack, Perky, and Rostnson), 1602. 
C..H,,N 6-Ethylquinaldine (Mitts, Harris, and Lamsourne), 1300. 
Tetrahydrocarbazole, and its picrate (PERKIN and PLant), 1831. 
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C.2H,,0, Acetyl] derivative of 5-hydroxy-4-methoxy-o-tolyl methyl ketone 
(FARGHER and PERKIN), 1733. 


C,.H,,N, 6-Aminotetrahydrocarbazole (PERKIN and PLANT), 1833. C 
CisHigN, 1:4-endoTrimethylene-6-methyltetrahydroquinoxaline, and its C 
salts (Moore and DovuBLEDAY), 1174. 1 
C::H,,0, Ethyl aconitate, preparation of (INcotD), 350. C. 
C,2H..0, Ethyl a-acetoxyadipate (INGoLD), 966. ‘ 
C,2H220,, Cellobiose, constitution of (HAworTH and Hirst), 193. CG. 
C;, 
12 Ill 
C,,H,Cl,S, Substance, from chlorobenzene and sulphur chloride (RAy), 1963. C; 
C,,.H,O;,N. Norharmolcarboxylic acid, and its sulphate (KERMACK, PERKIN, C 
and Rosinson), 1618. 1 
C,:H,O,Cl, 6-Methyl-2:4-bistrichloromethy]-1:3-benzdioxine-8-carboxy- [ C 
lic acid, and its sodium salt (ALIMCHANDANI and MELDRUM), 208. . 
C,.H,,ON, 5-Keto-7-methy]l-4:5-dihydroindolediazine(1:4) (Kermack, f 
PERKIN, and Roprnson), 1635. , ¢, 
eee (KERMACK, PERKIN, and Rosrn- C, 
son), ' 
Ci2H,,0.N, 11-Methoxy-5-keto-4:5-dihydroindolediazine(1:4) (KERMACK, : 
PERKIN, and Rosinson), 1633. C, 
C,.HigO3N, cyclo Hexanespiro-2:3-dicyanocyclopropane-2:3-dicarboxylic . 
anhydride (Bircu, GovaeH, and Kon), 1328. c 
C,.H,,.N.S, Diaminothianthren (RAy), 1964. . 
C,2H,,0,N, 4-Nitrobenzylideneamino-3:5-dimethylisooxazoles (MORGAN C 
and BurcEss), 701. : 
C,.H,,0,N 6-Methoxy-2-carboxyindole-3-acetic acid (Kermack, Perky, C 
and Roprnson), 1641. . 
C,.H,,ON, Acetylaminoquinaldines (Hamer), 1438. c 
a (Morcan and Bvurcgss), ; 
01. 
C,:H,.0,N, 4-Benzoylamino-3:5-dimethylisooxazole (MorGAN and Bor- . 
GEss), 701 ’ 
Ci2H,,0,N, 4-p-Nitrobenzylidenehydrazino-3:5-dimethylisooxazole C 
(Morcan and Buresss), 1548. . 
C.H,:0,N. cycloH exanespiro-2:3-dicyanocyclo propane-2:3-dicarboxylic C 
acid (Brrcu, Goven, and Kon), 1327. 
Methyl dimethyldiketotetrahydroquinazolinecarboxylate (Scorr 
and CoHEN), 669. C 
C,.H,,0.N Ethyl] a-keto-8-o-nitrophenylbutyrate (KERMACK, PERKIN, and 
Rosinson), 1634. C 
Cy2H,,0,N cycloHexanespiro-2-cy anocyclopropane-2:3:3-tricarboxylic 
acid (Brrou, Goucn, and Kon), 1328, C, 
C,,H,,ON, Acetyl derivative from base C.,H,,N. (PEARMAN), 720. 
C,.H,,0,N. 2:6-Dinitro-m-4-xylyl n-propyl ketone (Morcan and Hick1n- C. 
BOTTOM), 1891. 
C,.H,;,0Cl 6-Chloro-m-4-xylyl n-propyl ketone (Morgan and HIckry- C. 
*  BoTTOM), 1891. 
C,.H,,0,N 3-Acetylaminophenyl n-propyl ketone (Morcan and Hickiv- C. 
BOTTOM), 1883. 
CisHs03N Nitro-m-4-xylyl n-propyl ketones (MorGaN and HickinBoTTo™), 
C,y.H;,ON 6-Amino-m-4-xylyl n-propyl ketone, and its salts (MorGcAN and 
HICKINBOTTOM), 1890. C 
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CisH,,0,N, 2:4-Dinitro-8-diethy!aminoethylbenzene, and its salts (Mc- 
Lrop and Rostnson), 1476. 

C,.H,,0.N, Hydroxymethylene-epicamphorsemicarbazone (PERKIN and 
TITLEY), 1099. 

CiwHig0;N, Semicarbazone of ethyl cyclopentanone-2:4-dicarboxylate 
(INcoLp and THorRPE), 500. 

Cy.H0.N, Ethyl aa’-dicarbamyl-8-methylglutarate (Gupra), 304. 

CyzH IAS y-Phenylpropyldimethylarsine methiodide (Burrows and 
TuRNER), 429. 

Ci2H220,S, Diacetyl derivative of sulphidobis-8-hydroxydiethy] sulph- 
ide (BENNETT and WuHINcop), 1863. 

C,;H,,0,;N, Ethyl J-y-acetyl-a-isopropylbutyrate semicarbazone (Sr- 
MONSEN), 1653. 

C.zH,.O,N, Piperitonehydroxylamino-oximes (Simonsen), 1651. 


12 IV 
C,.H,0,C1,S, Substance, from oxidation of dichlorothianthren (RAY), 1962. 
C,.H,O,N,Ba Barium nitrophenoxides (Gopparp), 1162. 
C,.H.O,N,Ca Calcium nitrophenoxides (GopparRp), 1164. 
C,.H,0O,N,Sr Strontium nitrophenoxides (Gopparp), 1163. 
CisH,O.N,S 6-Acetylamino-1:2-naphthaquinone-2-oxime-3-sul phonic 
acid, cobaltic and 8-naphthylamine salts (MoRGAN and Smirn), 711. 
C,.H,,0.N.Cl 8-Chloro-5-nitrotetrahydrocarbazole (PERKIN and PLANT), 
1837. 


C,:H,,0,N.S. 8-Acetylamino-1:2-naphthaquinone-2-oxime-3:6-disul ph- 
onic acid, pentamminocobaltic salt (MorGAN and Samira), 712. 

C,.H,,0,NC1 Ethyl 7-chloro-1-iminohydrindene-2-carboxylate (KENNER 
and WITHAM), 1459. 

C,.H,,0,C1],Te Tellurium O-ethylbenzoylacetone trichloride (Morcan 
and Drew), 618. 

C,.H,,0,NS, Ethyl dithiomesoxotolylamates (Natk), 1237. 

Ci2H,,0.N,Cl cycloHexanone-2-chloro-5-nitrophenylhydrazone (PERKIN 
and PLANT), 1837. 

C,.H,,0;N,Co cis-Phthalatodiethylenediaminecobaltic hydroxide, salts 
of (Du¥FF), 1984. 

C,2H.,0,N,S, Methylmalonodimethylamide disulphide (Nark), 1239, 


12 V 

C,.H,.0,N,SAS, 3:3’-Diamino-4:4’-dihydroxy-5-sulphinoarsenobenzene, 
hydrochloride of (Kine), 1115. 

C,.H,.0,N,SAs, 3:3’-Didmino-4:4’-dihy droxy-5-sulphoarsenobenzene, 
hydrochloride of (Kine), 1117. 

C,.H,.0,N.S,AS, 3:3’-Diamino-4:4’-dihydroxy-5:5’-disulphinoarseno- 
benzene (Kino), 1113. 

Ci2H,.0,N,S,AS, 3:3’-Diamino-4:4’-dihydroxy-5-sul pho-5’-sul phino- 
arsenobenzene (KING), 1118. 

C,.H:0,N,S,AS. 3:3’-Diamino-4:4’-dihy droxy-5:5’-disulphoarsenoben,- 
ene (KiNG), 1116. 

Ci2H.p0,.N,BrCo cis-Phthalatodiethylenediaminecobaltic bromide 
(+ 3H,O) (Durr), 1984. 


C,,; Group. 


CisHig Fluorene, additive compounds of 4’-dimethylamino-2-hydroxydistyryl 
ketone with (HEILBRON and Buck), 1511. 
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13 II 
C,3H,.0 Benzophenone, additive compounds of 4’-dimethylamino-2-hydroxy. 
distyryl ketone with (HrILpRon and Buck), 1513. 
C,;H,,0, «-1-Keto-3-methyltetrahydronaphthyl-3-acetic acid, and its 
silver salt (Kon and STEvENson), 90. 
C,;H,,N 9-Methyltetrahydrocarbazole (PERKIN and PLant), 1834. 


C,;3Hi.N. 6-Amino-9-methyltetrahydrocarbazole, and its picrate (PERKIN 
and PLANT), 1835. 


C,;H,,0 Ethyl cyclopentanespirocyclohexane-3:5-dione-2-carboxylate 
(+ H,0) (Norris and THorre), 1207. 


C,;H,,0, 1-Keto-3-methyloctahydronaphthyl-3-acetic acid, and its silver 
salt (Kon and STEVENSON), 92. 


13 III 
C,;3H;0,Cl, Lactone of 7:8-dihydroxy-2:4-bistrichlorometh yl-6-8-tri- 
chloro-a-hydroxyethyl-1:3-benzdioxine-5-carboxylic acid (ALm- 
CHANDANI and MELDRUM), 206. 
C,,H,O,N,; Nitro-3-keto-2-phenyl-1:3-dihydroindazoles, and their sodium 
salts (KENNER and WITHAM), 1056. 


C,;H,0O,N, y-Nitrobenzaldoxime-N-p-nitrophenyl ether (Barrow and 
GRIFFITHS), 216. 


C,;H,,0;N, Acetyl! derivative of 2-carboxyindole-3-acetimide (KERMACK, 
PerKIN, and Roprnson), 1624. 


p-Nitrobenzaldoxime-N-pheny] ether (BARRow and GRIFFITHS), 213. 


C,;H,.N,Cl 6-Chloro-3-pheny1-3:4-tolylenediazoimine (Monrcan and 
JONES), 191. 


C,,;H,,0,N Dimethy! 2-carboxyindole-3-acetate (KeRMACK, PERKIN, and 
RKosrnson), 1623. 


C,;H,,N.Cl 6-Chloro-3-phenyl-3:4-tolylenediamine (Morcan and Jongs), 
191, 


C,;H,;N,Cl Benzene-5-azo-6-chloro-2:4-tolylenediamine, and its dihydro- 
chloride (MorGAN and JoNgEs), 188. 


C,3sH,,ON, Harmaline (Kermack, Perkin, and Roprnson), 1602. 
C,,;H,,0,N, 6-Nitro-9-methyltetrahydrocarbazole (PerKIN and PLAy7), 
1834. 


C,3H,,0,N, Diacety] derivative of glycerol a-2:4-dinitrophenyl ether 
(FAIRBOURNE and Toms), 1037. 


C,;H,;0,N Ethyl 6-methoxy-3-methylindole-2-carboxylate (KERMACK, 
PERKIN, and Roprnson), 1640. 


Ci3Hy;0,N Ethyl] a-keto-8-o-nitro-p-methoxyphenylbutyrate (KERMACK, 
PERKIN, and Rosrnson), 1639. 


C,;3H,.0,N, Methyl ether of 4-p-hydroxybenzylhydantoin 00-dimethy] 
ether (Scorr and ConeEn), 671. 


C,,H,,0,N. p-Nitroanilino-ethoxyacetone (MorGAN and Drew), 623. 
C,3H,.NI 6-Ethylquinaldine methiodide (Mitts, Harris, and LAMBouRNE), 
1300. 


C,;3H,,O,N Ethy] a-cyano-y-carboxyglutaconate, and its metallic salts 
(INGOLD aud PErren), 1594. 


C.isH,,ON 8-Diethylaminopropiophenone, and its salts (McLeop and 
Ropinson), 1475. 


CisH,,0,N, Di(diethylaminomethyl)trimethylene ether (McLeop and 
Ropinson), 14738. 


13 IV 
C,,;H,0O,N,Cl 3-Chloro-5-nitro-2-phenylindazole (Kenner and WirHAM), 
1057. 
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C,;3H,0;N,Cl Chloronitrophenyltolylnitrosoamines (MorGan and 
JONES), 190. 

C,;H,,0,N.Cl Chloronitro-N-phenyltoluidines (MorcAN and Jongs), 190; 
(MorGaAN and GLOVER), 1704. 

C,;3H,0,NS, Ethyl y-phenylearbamyl-ay-bisdisulphidoacet oacetate 
(Naik), 1241. 

C,;H,.0.NS Benzenediazo-p-toluenesulphinate (Durr, Wutreneap, and 
WorMALL), 2089. 

C,;H,.0.N;Cl 4’-Nitrobenzene-5-azo-6-chloro-2:4-tolylenediamine (Mor- 
GAN and JONEs), 188. 

C,,H,,ON,I Acetylaminoquinaldine methiodides (Hamer), 1438. 

C,,H.,ONBr a-Bromopropiono-d-bornylamide (SHimomura and ConeEn), 
1822. 

C,;H.,0;N,Co cis-Homophthalatodiethylenediaminecobaltic hydrox- 
ide, salts of (DuFF), 1986. 

13 V 

C,3H.;0,N,SCo cis-Benzylsulphoacetatodiethylenediaminecobaltic 

hydroxide, salts of (DuFF), 1985. 
13 VI 

C,;H.,0;N,BrSCo cis-Benzylsulphoacetatodiethylenediaminecobaltic 

bromide (+3H,0) (Durr), 1985. 


Cus Group. 
C.4Hip Phenanthrene, additive compound of 4’-dimethylamino-2-hydroxy- 
distyryl ketone with (HeI_Lpron and Buck), 1511. 
C,,.H,, 9:10-Dihydrophenanthrene, preparation of (HENsTock), 1461. 
CyH2, 1:4-Di-n-butylbenzene (Morcan and Hickrnsorrom), 1892. 


14 II 
C,,H,O, Ellagic acid, formation of, from gallotannin (NIERENSTEIN, SPrERs, 
and GEAKE), 275. 
C,,H,Br, Dibromophenanthrene (HEnstock), 57. 
C,,H,Br, Bromophenanthrene dibromide (HEnstrock), 57. 
CyH,O, 1-Hydroxy-3-methylxanthone, and its potassium derivative (PEr- 
KIN), 1291. 
C,,H,.N. 1:10-Dimethyl-5:6-naphthaisodiazine (KENNER and STUBBINGs), 
602. 
C,,H,,0, ac-1-Keto-3-ethyltetrahydronaphthyl-3-acetic acid, and its 
silver salt (Kon and STEVENSON), 92. 
CyH,N, 6:6’-Diamino-2:3’-ditolyl (KENNER and StupsinGs), 600. 
C,,H,.0, Ethyl cyclohexanespirocyclohexane-3:5-dione-2-carboxylate 
(+H,0) (Norris and THorpe), 1204. 
C,,H..N 2-Amino-1:4-di-n-butylbenzene, and its salts (MorGAN and Hick- 
INBOTTOM), 1892. 
14 III 


C,,H,OBr, Dibromophenanthrone (Henstock), 58. 

C,,H,O.N, Dilactam of y-6:6’-diaminodiphenic acid (KENNER and Srus- 
BINGS), 601. 

C,,H,0,S, Thianthrendicarboxylie acid (Ray), 1966. 

CyH,O,N, ‘“‘Hydrazide” of y-6:6’-dinitrodiphenic acid (Kenner and 
SrussBinGs), 600. 

C,,H,O.N, y-6:6’-Dinitrodiphenie acid, and its salts (KENNER and Stur- 
BINGS), 593. 

C,,H,0;,N Nitro-l-hydroxy-3-methylxanthones (PERKIN), 1293. 
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C,,H,NBr, Dibromo-9-aminophenanthrene (HENstock), 59. 

C,,H,,0OCl, Diphenylchloroacetyl chloride, action of magnesium phenyl 
haloids on (McKENzIE and Boy te), 1131. 

C,,H,,0,S. m-Dithiobenzoic acid (Smites and Stewart), 1792. 

C,,H,,0,N, -6:6’-Dinitrodiphenamide (Kenner and Srussines), 599. 

C,,H,,0,S. Benzoic acid m-disulphoxide (Smiues and Srewarr), 1797. 

C,,HiN,S 4’-Triazo-l-phenyl-5-methylbenzothiazole (MorGAN and Wexs- 
STER), 1074. 

C,,H,,C1.S, Dichlorodimethylthianthren (RAy), 1963. 

C,,H,,N.Cl 5-Chloro-l-phenyl-6-methylbenziminazole (Morcan and 

CHALLENOR), 1543. 


C,,H,,.ON, Phenylglyoxalphenylhydrazone, preparation, tautomerism, and 
solubility of (SipGwick and Ewsank), 487. 


C,,H,.0,N, Benzaldehydedinitrotolylhydrazones (Brapy and Bowmay), 
899. 


C,,H,,0,N, 6-Nitro-m-xylene-4-azoresorcinol (PEARMAN), 717. 
C,,Hy,0.N, Diamide of aa’-dicyano-8-benzylglutaric acid (Kon and 
STEVENSON), 93. 


C,,H,,0,N, 5- and 6-Nitro-9-acetyltetrahydrocarbazoles (PERKIN and 
PLANT), 1832. 

C,,H,,0,N, p-Nitrobenzoyl derivative of §-hydroxy-8-3:4-methylene- 
dioxyphenylethylamine (Mason), 1080. 

C,,H,,CIBi Di-p-tolylchlorobismuthine (CHALLENGER and ALLPREss), 917. 

C,,H,,ON 9-Acetyltetrahydrocarbazole (Perkin and PLant), 1831. 

C,,H,;,0,N, Benzoyl derivative of a-methylamino-8-glyoxaline-4-pro- 
pionic acid (+4H,O) (FarcHer and Pymay), 738. 

C,,H,ON, 6-Acetylaminotetrahydrocarbazole (PERKIN and PLANT), 1833. 


C,,Hy,0,N, Indole-2-carboxy-a-(carbethoxy)ethylamide (Kermack, Pezr- 
KIN, and Rosrinson), 1628, 


Cy,H;,0,C1 Ethyl m-chlorobenzylmalonate (KENNER and WirHAm), 1460. 


Cy4Hys01,N. 4-p-Acetoxybenzylhydantoin O0O-dimethyl ether (Scorr 
and CoHEN), 671. 


C,.H:,0,;N,; Semicarbazone of ac-1-keto-3-methyltetrahydronaphthyl- 
8-acetic acid (Kon and STEVENSON), 91. 


C,,H,;,N.I Phenylbenzylmethylazonium iodide, additive compound of 
thiocarbamide and (S1ncu and Lat), 211. 


CyuH,,N,Cl, 3:7-Diamino-8-methylphenazine methochloride (ConEN and 
CRABTREE), 2068. 


C,,H,,ON, cyclonexanone-p-acetylaminophenylhydrazone (Perkin and 
PLANT), 1883. 


CyH,O,.N 6-Acetylamino-m-4-xylyl mx-propyl ketone (Morcan and 
HickINBoTrom), 1890. 


CyH,0,N 2-Nitro-1:4-di-n-butylbenzene (Morcan and Hickinsorrom), 
1892. ‘ 


Cy4sH.0,N; Semicarbazone of 1-keto-3-methyloctahydronaphthyl-3- 
acetic acid (Kon and STEvVENsoN), 93. 


CyHy,O.N Ethyl w-cyanomethanetriacetate (INaoLp), 340, 352. 


14 IV 
C,.H,O,N.Cl, Chloride of y-6:6’-dinitrodiphenic acid (Kenner and 
STUBBINGS), 599. 
Cy.H,O,NBr, Dibromo-9-nitrophenanthrene (HENstock), 58. 
C,,H,ONBr, Dibromophenanthroneoxime (HEnstock), 58. 
C,,H;,.0,NC1 Benzoyl derivative of 2-chloro-5-nitro-p-cresol (Davigs), 867. 
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C,sHioOigN,Cd Cadmium dinitrotolyloxides (D. and A, E. Gopparp), 
2048. 

CyuHieQi1oN.Mg Magnesium dinitrotolyloxides (D. and A. E. Gopparp), 
2048. 

C.sH190..N,Sr Strontium dinitrotolyloxides (D. and A. E. Gopparp), 
2047. 


Cy.H,.0,.N.Zn Zine dinitrotolyloxides (D. and A. E. Gopparp), 2048. 

C,H, NCIS 4’-Chloro-l-phenyl-5-methylbenzothiazole (Morcan and 
WessTER), 1074. 

C,,H,,ON,S 1-Phenyl-5-methylbenzothiazole-4’-diazonium hydroxide, 
salts of (MorGAN and WeEssTER), 1073, 1076. 

C,,H,,0;N,S, 1-Phenyl-5-methylbenzothiazole-4’-diazosulphonic acid, 
sodium salts (MorcaNn and WEBSTER), 1075. 

CyH,,0.N.S N-Sulphidobisbenzamide (Nark), 1168. 

C,,H,.0,N,S, Disulphidobis-salicylamide (Narxk), 1169. 

C,,H,.0,N,Ba Barium nitrotolyloxides (D. and A. E. Gopparp), 2046. 

C,,H,,0,N,Ca Calcium nitrotolyloxides (D. and A. E. Gopparp), 2046. 

Cy.H,.0,N.Mg Magnesium nitrotolyloxides (D. and A. E: Gopparp), 2047. 

C,,.H,.0,N.Sr Strontium nitrotolyloxides (D. and A. E. Gopparp), 2046. 

C,,H,,0O,NBr Ethyl ester of a-bromopropionyl-/-tyrosine (SHIMOMURA 
and CoHEN), 1823. 


C, Group. 


C,;H,,0, 1:6-Dihydroxy-2-methylanthraquinone (SrtmonsEN and Rav), 
1339. 


C,;H,.0, 9-Acetoxyfluorene, preparation of (HENsTock), 1463. 

C,;H,,.0, 1-Hydroxy-3-methylxanthone methyl ether (PERKIN), 1292. 

C,;H,,0, Catechin, constitution of (NIERENSTEIN), 164. 
2:4:6:3’:4’-Pentahydroxy-3-phenylechroman (NIERENSTEIN), 169. 


15 III 

C,;H,0,Cl,, Lactone of 7:8-888-trichloroethylidenedioxy-2:4-bistri- 
chlorometh yl-6-888-trichloro-a-hydroxyethy]-1:3-benzdioxine-b- 
carboxylic acid (ALIMCHANDANI and MELDRUM), 208, 

C,,H,O,Cl, Lactone of 7:8-dimethoxy-2:4-bistrich loromethy]-6-8- 
trichloro-a-hydroxyethyl-1:3-benzdioxine-5-carboxylic acid (ALIM- 
CHANDANI and MELDruM), 207. 

C,;H,N.S 4’-Cyano-l-phenyl-5-methylbenzothiazole (MorGAN and 
WEBSTER), 1076. 

C,;H,,0,Cl, 3:4:5-Triacetoxy-2-trichloromethylphthalide (ALIMCHAND- 
ANI and MELprRvm), 206. 

C,;H,,0,N, 3:5-Dimethylisooxazole-4-azo-8-naphthol (Morean and Bur- 
GEss), 702. 

C,;H,,0,N, 4-Nitro-2-carbethoxyazobenzene (KENNER and WITHAM), 1056. 

C,;H,,0,N, 6-Nitro-m-xylene-4-azosalicylic acid (PEARMAN), 718. 

C,;H,,N,Br 5-Amino-4-(2’-amino-5’-bromopheny])-2-phenylglyoxaline, 
and its salts (FARGHER), 160. 

C,;H,,ON, 3:5-Dimethy]isooxazole-4-az0-8-naphthylamine (Morcan and 
BureEss), 703. 

C,,H,,ON 8-Amino-8-phenylpropiophenone (McKenzie and Barrow), 69. 

C,;H,,0,N; p-Nitrobenzaldoxime-N-p-ethylaminophenyl] ether (BARROW 
and GRIFFITHS), 215. 

C,;H,,0,N, p-Nitrobenzaldoxime-N-p-dimethylaminophenyl ether 
(Barrow and GRIFFITHS), 214. 
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C,;H,,0,N 8-Carbethoxy-a-methylvinyl indole-2-carboxylate (KeEr- 
MACK, PERKIN, and RoBiINnson), 1629. 

C,;H,;0,N, Nitrocarbethoxyhydrazobenzenes (KENNER and WITHAM), 
1056. 


C,,H,,ON, 8-Amino-p-phenylpropionanilide (McKeEnzig and BaRRow), 71. 

C,;H,;,0.N 4-Dimethylamino-2-hydroxybenzhydrol, and _ its salts 
(KRISHNA and Pops), 287. 

C,;H,,0,N, 3:5-Dieyano-2:6-diketo-4-cyclohexenylmethyl-4-methy] pi- 
peridine (Kon and STEVENson), 92. 

C,;H,,O;N, Antipyrylaminodiacetic acid, and its salts, additive com- 
pounds of, with neutral salts (FARGHER and Kine), 292. 

C,;H,,ON, 6-Acetylamino-9-methyltetrahydrocarbazole (PERKIN and 
PLANT), 1835. 

C,;H,,N,Cl, 3:7-Diamino-2:8-dimethylphenazine methochloride (ConEn 
and CRABTREE), 2067. 

a Anilide of lactonic acid C,,H,O, (BircH, Goven, and Koy), 
1327. 


C,;H:,0,N Anilic acid from cyclo-hexane-l-acetic-l-carboxylic acid 
(Norris and THorpe), 1207. 

C,;H,,0,N, Semicarbazone of ac-l-keto-3-ethyltetrah ydronaphthyl-3- 
acetic acid (Kon and STEVENson), 92. 

C,;H..0,N, Indole-2-carboxyacetalylamide (Kermack, Perkin, and 
Ropinson), 1626. 

C,;H.O,.N, Eserine, degradation of (SrEpMAN), 891. 

C,;H.,0,Ga Gallium acetylacetone (MorcAN and Drew), 1061. 

C,;H,,0,In Indium acetylacetone (MorGAN and Drew), 1062. 

C,;H.,0,N Ethyl w- and w’-cyano-w-methylmethanetriacetates (INGoLD 
and PERREN), 1600, 1868. 

15 IV 


C,;H,O.N.Br, Dibromomalon-2:4:6-tribromoanilide (Backes, West, and 
WHITELEy), 375. 

C,;H.O,.N,Br, Dibromomalon-2:4-dibromoanilide (Backres, West, and 
WHITELEY), 374. 

C,;H,0,.N.S, Tetranitrodithiomesoxanilide (Narx), 383. 

C,;H,,O.N.Br, Dibromomalon-p-bromoanilide (Backes, West, and 
WHITELEY), 374. 

C,;H,,0,.N.Br, Bromomalon-p-bromoanilide (Backes, West, and 
WHITELEY), 374. 

C,,H,.0.N.Br, Dibromomalonanilide (Backes, West, and WaIre.ey), 375. 

C,;H,.0.N.S, Dithiomesoxanilide (Nark), 382. 

C.sH, ONC! B-m-Chlorophenylpropionanilide (KeNNer and WITHAM), 
1460. 


C,;H,,0.NBr, Dibromo-derivative of 4-dimethylamino-2-hydroxy- 
benzhydrol (KrisHna and Pope), 287. 


C,, Group. 


C,.H,.0, o-Dimethylanthraquinones (FarrBourNr), 1573. 

C,.H,,0,  4’-Hydroxy-2-methoxy-3-methylbenzophenone-6-carboxylic 
acid, and its silver salt (SIMONSEN and Rav), 1346. 

CyHyAS Phenyl-y-phenylpropylmethylarsine (Burrows and TuRNER), 
431. 


Ci.H,,0, Ethyl n-butane-aSyi-tetracarboxylate (INGoLD), 348. 
Ethyl carboxymethanetriacetate (INGOLD and PowELL), 1873. 
C,.H;,0, Palmitic acid, sodium salt, adsorption by (Larne), 1669. 
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16 III 
C,\.H.O,N, 9:10-Dinitro-2-ethoxyphenanthrene (HENsTock), 61. 
C,.H1,0,N, 1-Benzoyl-4(or 5)-nitrophenylglyoxalines (Granrand Pyman), 
1899. 


C,,H:,0N, 1-Benzoyl-4(or 5)-phenylglyoxaline (Grant and Pyman), 1899. 

CysH120.S8, Diacetylthianthren (Ray), 1965. 

C,.H,.0,N, Methyl] y-6:6’-dinitrodiphenate (KENNER and Stuppines), 599. 

C,.H,,0Br 10-Bromo-2-ethoxyphenanthrene (HENsrTock), 60. 

Cye8130;N, Substance from benzenediazonium chloride and 4-p-hydroxybenzyl- 
hydantoin (Scott and Coney), 671. 

CrcHs05N, Carbethoxyaminophenanthr ieee (KENNER and SruBBINGs), 
601. 


Phenylopiazones (FARGHER and PERKIN), 1743. 
C,.H;;0,N Anilino-m-opianic acid (Farcuer and Perky), 1739. 
Substance, from anilino-m-opianic acid and hydrochloric acid (FARGHER and 

Perkin), 1740. 

C,,H,;,0,.N; Benzaldehyde 4-nitro-2-carbethoxyphenylhydrazone 
(KENNER and WITHAM), 1055. 

C,.H,,0,N, “-Butyrophenone-3-azoresorecinol (Morcan and HIcKIN- 
BOTTOM), 1884.» 

CycHy.0;N, 3-Nitro-4-hydroxyphenyl n-propyl ketone p-nitrophenyl- 
hydrazone (Morean and HickINbottTom), 1888. 

C,.H,;,0,.N, Phenyl a-propyl ketone p-nitrophenylhydrazone (MorGAN 
and HickiNBoTrToM), 1882. 

C,.H,,0,N; 3-Hydroxyphenyl n-propyl ketone p-nitrophenyl- 
hydrazone (MorGan and HICKINBoTTOM), 1885. 

C\sH,;N.Cl 4-Chlorophenyl x-propyl ketone phenylhydrazone (Mor- 
GAN and Hickrnsorrom), 1886. 

C,.H,.0.N, 5-Hydroxy-4-methoxy-o-tolyl methyl ketone phenylhydr- 
azoue (FArGHER and Perky), 1733. 

C,.H,,0.S, 88’-Diphenoxydiethyl disulphide (Bennett), 425, 

C,.H,,0,N, o- and p-Nitrophenyliminocamphor (Forsrer and SAviLLz), 
794. 


C,gHs0,S_ 3:5:3’:5’-Tetraketo-4:4’-bisdithio-1:1:1/:1’-tetrameth yldicyelo- 
hexyl 2:2’-disulplride (Nark), 1240. 

C,,<H,,ON Anilide of cyclopentanespirocyclohexane-3:5-dione (Norris and 
THORPE), 1207. 

C,,H,,O,.N, o- and p-Nitrophenylnitroscaminocamphor (Forster and 
SAVILLE), 793. 

C,.H,,0;N,; Dinitrophenylaminocamphor (Forster and SAvILLe), 792. 

C,.H,,N.I Phenylbenzylallylazonium iodide, additive compound of 
thiocarbamide and (Sincn and LAL), 211. 

C,,.H.,0,N, N-Phenyleamphorimidoxime and Phenylnitrosoamino- 
camphor (Forster and SAvILLe), 792. 

CisHaN,Cl, 3-Amino-7-dimethylamino-2-methylphenazine metho- 
chloride (COHEN and CrasTrke), 2058. 

ae Phenylaminocamphor, hydrochloride of (Forster and SavILte), 


O.dH.N.I Phenylbenzylpropylazonium iodide, additive compound of 
thiocarbamide and (Sincu and Lat), 211. 
C,.H..ON, p-Aminophenylaminocamphor, and its dihydrochloride (ForsTER 
and SAVILLE), 794. 
C,eH,.0,N. 1-Methylindole-2-carboxyacetalylamide (Kermack, PERKIN, 
and Roptinson), 1637. 
Scatole-2-carbox yacetalylamide (Kermack, PERKIN, and Ropinson), 1635. 
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C,,H..0,N. 6-Methoxyindole-2-carboxyacetalylamide (KERMACK, PER- 

KIN, aud Rosrnson), 1633. 
16 IV 

C,,H,0,N.S N-Sulphidodiphthalimide (Nark), 1170. 

C,.H,,0;N,S. 5-Disulphido-1:3-diphenylbarbiturie acid (Nark), 385. 

C,.H,,ONBr, Dibromo-9-acetylaminophenanthrene (Henstock), 59. 

C,,H,,0.N,Br 4-p-Bromobenzeneazo-2-phenylglyoxaline-5-carboxylic 
acid, and its sodium salt (FARGHER), 159. 

C,.H,,0;N.Br 5-Bromo-1:3-diphenylbarbiturie acid (BAckEs, West, and 
WHITELEY), 378. 

C,,H,;,ON,S 2-Acetyl-3-oxy(1)thionaphthenphenylhydrazone (SMILEs 
and McCLe.ianp), 1814. 

C,,H,,0.N,S. Diacetylaminothianthren (RAy), 1964. 

C,,H,,0,N,Cl, 3:4-Dichlorophenyl x-propyl ketone p-nitrophenyl- 
hydrazone (MorGANn and HIckINBorTom), 1889. 

C,<H,;0,N,Cl 4-Chloro-3-nitrophenyl n-propyl ketone p-nitrophenyl- 
hydrazone (MorcaANn and Hickinsottom), 1888. 

C,.H,.0.N;Cl 4-Chloro-3-nitrophenyl x-propyl ketone phenylhydr- 
azone (MorGan and Hick1nsorrom), 1888. 

Chlorophenyl a-propyl ketone p-nitrophenylhydrazones (Morcan 

and HickINBOTTOM), 1885. 


C,, Group. 
C,,H,O, Benzophenone-2:4:2':4’-tetracarboxylic acid ketodilactone 
(MiLLs and NoppeEr), 2099. 
C,;H,».O, Benzhydrol-2:4:2’:4’-tetracarboxylic acid lactone (MiLLs and 
NoppeEr), 2102. 
C,,H,,0, 1:6-Dimethoxy-2-methylanthraquinone (SimonsEN and Rav), 
1347. 


Phenolcitraconein, and its potassium salt (KRISHNA and Pork), 289. 
C,,H,,AS Phenyl-a-naphthylmethylarsine (Burrows and TurRNER), 432. 
C,,H,,0, Eugenol benzoates, melting points of (McK1x), 777. 

C,,H,,0, 2:4’-Dimethoxy-3-methylbenzophenone-6-carboxylic acid, and 
its silver salt (SIMONSEN and Rav), 1347. 

C,,H,.Br,. Hydrocarbon, from petroleum extract of the bromination of phen- 
anthrene (HENsTocK), 60. 

C,,H,,0 Di-m-xylyl ketone, preparation of (MiLLs and NoppEr), 2099. 

C,,H,.0 Benzylidene-di-piperitone (Reap and Smith), 784. 

C,,H,.0, Ethyl cyclopentane-1:2:2:3-tetracarboxylate (PERKIN and 
Rogpinson), 1397. 

17 Ill 


C,,H,O,Cl, Acid chloride of benzophenone-2:4:2’:4’-tetracarboxylic 
acid ketodilactone (Mitts and Noppsr), 2100, 

C,,H,O.Cl, Lactone of  7:8-diacetoxy-2:4-bistrichloromethyl-6-8-tri- 
chloro-a-hydroxyethyl-1:3-benzdioxine-5-carboxylic acid (ALIM- 
CHANDANI and MELDRUM), 207. 

C,,H,,0,Br, Tetrabromophenolcitraconein (KrisHna and Pops), 290. 

C,,H,,N,Cl 10-Chloro-9-methyl-a8-naphthaphenazine (Morcan_ and 
CHALLENOR), 1540. 

C,,H,,ON Anilide of cyclohexane spirocyclohexane-3:5-dione (Norris and 
THorPE), 1206. 

C,,H,,0,N Dihydroxynaphthylideneanilines (MorGAN and ViNING), 179. 

C,,H,,0,N“8-Phthalimino-§-phenylpropionic acid (McKEnziz and 
Barrow), 73. 
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FORMULA INDEX. 17 I1I—17 IV 


C,,H,,0;N. 2-Carboxyindole-3-acetanilide (Kermack, Perkin, and 
Rosinson), 1625. 

C,,H,,0AS Phenyl-a-naphthylmethylarsine oxide(Burrowsand TURNER), 
432. 


C,,H;;0.N Anilino-4:5-dimethoxyphthalonic acid, aniline salt (FARGHER 
and PERKIN), 1738. 

C,;H,.0;N, 1-Toluene-p-sulphonylnaphthylenediaminesul phonic 
acids, and their sodium salts (MoRGAN and Grist), 608. 

C,,Hi,0,N 3-Benzoylaminophenylx-propy!] ketone (MorGAN and Hickin- 
BOTTOM), 1884. 

Cy,H,,0.As Hydroxyphenyl-a-naphthylmethylarsonium hydroxide, 
bromocamphorsulphonate of (BURROWS and TuRNER), 482. 

C,,H,,0,N Methyl anilino-m-opianate (FarGHER and PERKIN), 1741. 

p-Toluidino-m-opianic acid (FarcueEr and Perkin), 1739. 

C,,H,,0.N, Dianilinoacetylacetone (Morcan and Drew), 622. 

Malondibenzylamide (BackEs, West, and WHITELEY), 370. 

C,,H,,0,.N, aa’-Dihydroxyglutardianilides (INcoLp), 323. 

Opianiec acid phenylmethylhydrazones (FarcHeERr and Perkin), 1743. 
C,,H,,ON Benzoyl-n-butylaniline (Mitts, Harris, and LaMBouRNE), 1298. 
C,,H;,0,N 4-Dimethylamino-2-acetoxybenzhydrol (Krisuna and Pore), 

287. 


C,,Hy0,N; p-Nitrobenzaldoxime-N-p-diethylaminophenyl ether (Bar- 
RoW and GRIFFITHS), 215. 

C,,H,,N.Cl 6(7)-Chloro-7(6)-methylceamphanoquinoxaline (Morcan and 
CHALLENOR), 1540. 

C,;H20;N, Di-p-nitrophenylhydrazinoacetylacetone (MorGan and 
Drew), 621 

CyH,,ON Anilinomethylene-epicamphor (PERKIN and TitLEy), 1100. 

Benzylidene-d/-piperitoneoxime (READ and SmirH), 788. 

C,,H»IAS Phenyl-y-phenylpropylmethylarsine methiodide (Burrows 
and TURNER), 431. 

C,,H.,0,N, 1:3-Dimethylindole-2-carbox yacetalylamide (KERMACK, PER- 
KIN, and Rosinson), 1637. 

Cy,H.,0,N Ethyl a-cyano-n-butane-afyd-tetracarboxylate (INGoLD), 348. 


17 IV 
C,,H,.0,NC1 A§-Phthalimino-8-phenylpropionyl chloride (McKeEnziz and 
Barrow), 73. 
C,,H,.0,.NeS, Tetranitrodithiomesoxotoluidides (Nark), 1235. 
C,,H,,0.N.Br Dihydroxynaphthaldehyde phenylhydrazones (Morcan 
and VINING), 178. 
C,,H,,0.N.Br, Dibromomalonbromotoluidides (Backes, West, and 
WHITELEY), 376. 
C,,H,,0;N,S, ay-Disulphidoacetonedicarboxydianilide (Nark), 1240. 
C,,H,,0,N,Br; Bromomalon-4-bromo-o-toluidide (Backes, West, and 
WHITELEY), 377. 
C,,H,,0.N.Br, Dibromomalondibenzylamide (Backes, West, and WHITE- 
LEY), 371. 
Dibromomalon-p-toluidide (Backes, West, and WHITELEY), 376. 
Malonbromotoluidides (Backes, West, and WHITELEY), 376. 
C,,H,.0,N.S Toluene-p-sulphonyl-1:4-naphthylenediamine (MorGan and 
Grist), 604. : 
C,,H,0,N,S, Dithiomesoxodibenzylamide (Narx), 384. 
Dithiomesoxotoluidides (Nar), 1235. 
2181 


17 IV—18 III FORMULA INDEX. 


C,,-H,.0,NC] Phenylchloroacety]-l-t yrosine (SHrmomuRA and CoHENn), 1824, 

C,,H,.0,N,Cl Diacetyl derivative of 4’-nitrobenzene-5-azo-6-chloro-2:4- 
tolylenediamine (MorGAN and Jongs), 188. 

C,,H,,0,N,Br Bromomalondibenzylamide (BackEs, West, and WuirTeLEy), 
370 


Bromomalon-p-toluidide (BackEs, WEst, and WHITELEY), 376. 
C,,H,,0,N,Cl Diacetyl derivative of benzene-5-azo-6-chloro-2:4-tolylene- 
diamine (MorGan and JonEs), 188. 


C;,; Group. 

C,,H,.0; Piperonylidene derivative of 5-hydroxy-4-methoxy-o-toly] 
methyl ketone (FARGHER and PERKIN), 1733. 

C,.H,,0,; Benzylidene derivative of 4:5-dimethoxy-o-tolyl methyl ketone 
(FARGHER and PERKIN), 1732. 

C,,.H,,0; Methyl 2:4’-dimethoxy-3-methyl benzophenone-6-carboxy late 
(SIMONSEN and Rav), 1346. 

CisH,.0, Benzoyloxymethylene-epicamphor (PERKIN and TiTLEyY), 1099. 

C,,H;,.0, Linolenic acid, and its salts (Corry), 1306; oxidation of (Corry), 
1409. 


C,.H;,0, Linolic acid, oxidation of (Corrry), 1408. 


18 III 

C,.H,,0,N, ‘Diacetylhydrazide” of y-6:6’-dinitrodiphenic acid (KENNER 
and Stussines), 600. 

C,,H,,ON, Cinnamoylaminoquinolines (HAmER), 1437. 

C,,H,,0,N Methyl 8-phthalimino-§-phenylpropionate (MoKenzig and 
Barrow), 74. 

C,,H,,;0,Cl, 888-Trichloro-4:4’-dihydroxy-aa-di-m-tolylethane-5:5’-di- 
carboxylic acid, and its calcium salt (ALIMCHANDANI and MELDRUM), 209. 

C.sH,.0,.N, -6:6’-Diacetylaminodiphenic acid (KENNER and StuBBINGs), 
600. 


C,,H,,0,N. Ethyl y-6:6’-dinitrodiphenate (KENNER and Stupsines), 599. 

C,,H,,0,N, Dinitro-2:5:6:7-tetramethoxyanthraquinonedi-imide 
(KeFFLER), 1481. 

C,,H;,0,N p-Toluidino-4:5-dimethoxyphthalonic acid, p-toluidine salt 
(FaRGHER and Perxry), 1739. 

C,,H,;0,N; ———— derivative of 6-nitro-m-xylene-4-azoresorcinol (PEAk- 
MAN), 717. 

C,sH;,0,N, 2:3:6:7-Tetramethoxyanthraquinonedi-imide (KEFFLER), 1480. 

C,,H,,0,N, Ethylidenebis-p-nitrophenylacetamide (Gupta), 302. 

C,,H,,0,N, o-Azoxy-p-methoxyphenylacetic acid (KERMACK, PERKIN, and 
Kosinson), 1631. 

C,,H,,.N,Cl, Tetramethylenebis-2-chloro-4:5-diaminotoluene (MORGAN 
and CHALLENOR), 1541. 

C,.H,IAs Phenyl-a-naphthylmethylarsine methiodide (BurRows and 
TURNER), 432. 

C,,H..0,N, 6:6’-Diacetylamino-2:2’-ditolyl (KENNER and StussBiNGs), 600. 

Methylmalonotoluidides (Nark), 1238. 

C,sH,,0,.N,; m-4-Xylyl-n-propyl ketone p-nitrophenylhydrazone (Mor- 
GAN and HickINBoTTom), 1889. 

C,sH,N,Cl 3-Amino-2-methyl-N-methyltetrahydroquinolinophenazine 
methochloride (ConEN and CraBrREE), 2065. 

C,,H.,0.N Phenylacetylaminocamphor (Forster and SAVILLE), 791. 

CisH,0,C1 l-Menthyl di-phenylchloroacetate (SHimomuRA and CoHEN), 
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FORMULA INDEX. 18 ITI—19 III 


CroHs,03Br l-Menthyl di-phenylbromoacetate (SHimomurRA and ConEn), 


6,.H.,0,N Ethyl -cyano-w’-carboxy-w’-methylmethanetriacetate (IN- 
GOLD and PERREN), 1599. 
C,,H;,.0.Br, Hexabromostearic acid, and its salts (Corrrey), 1306. 
C,;H,,0,N, Tri(diethylaminomethyl) glyceryl ether (McLxop and 
Rosrnson), 1478. 
18 IV 


C,,H,,0O,N.S, 88’-Di-p-nitrobenzoyldiethyl disulphide (Bennerr and 
WHINCOP), 1861. 

C,sH,ONC] Phenylehloroaceto-d-bornylamide (Saimomura and ConEn), 
1823. 


C,;H,ONC] Phenylchloroaceto-l-menthylamide (Saimomura and ConeEn), 
1823. 


Cr Group. 
C,.H,;N 5-Phenylacridine, picrates of (BAssETr and Stmmons), 417. 
CipH,,0, Acetyl derivative of 1:6-dimethoxy-2-methylanthraquinone 
(StmonsEN and Rav), 1347. 
CroHlss0s Fluoran derivative of citraconic anhydride (KrisHNa and Pope), 
291. 


C,9H,,0, Phenolcitraconein dimethyl ether (KrisHna and Pops), 290. 
CigHog0, 4:6:3’:4’-Tetramethoxy-3-phenylehroman-2-one (NIERENSTEIN), 
167. 


CisH2,0, 2-Hydroxy-4:6:3':4’-tetramethoxy-3-phenylchroman (NIEREN- 
STEIN), 168. 

C,.H.,0,; /-Bornyl a-hydroxy-8-phenylpropionates (WREN and WricHr), 
802. 


C,,H,,0, 7-Menthyl-d-atrolactinate (WREN and Wricur), 800. 
l-Menthyl-l-a-hydroxy-8-pheny! propionate (WrEN and WricHr7), 802. 
CigHyg0,, Hexamethyl methylcellobioside (Haworrn and Hirsz), 198. 


19 Ill 
C,,H,NBr Anthranylpyridinium bromide (+ H,O) (Barnertr and Cook), 
907. 


CisH,,0N Anthranylpyridinium hydroxide, salts of (BARNETT and Cook), 
907. 


C,,H,,ON, Cinnamoylaminoquinaldines (Hamer), 1437. 
C,,H,,0,N, Anhydride of 2-carboxyindole-3-acetanilide and acetic acid (Ker- 
MACK, PERKIN, and Rosinson), 1625. 


C,\9H,,ON, 6-Benzoylaminotetrahydrocarbazole (Perkin and PLanr), 
1833. 


CipH,,0,N. cycloPentanone-8:4-dicarboxyanilide (INGoLD), 350. 

Ci.H;,0,N 4’-Dimethylamino-2-hydroxydistyryl ketone, and its additive 
products (HEILBRON and Buck), 1500, 1515. 

C,,H.,0,N, Acetonedicarboxyditoluidides (Naik), 1241. 

C,,H.,0,N. Dianilic acid from methanetriacetic acid (INGOLD), 353. 

C,H. 2 O5N) Prcoenyiestneantetes of 4’-dimethylamino-2-hydroxy- 
distyry] etone (HEILBRON and Buck), 1518. 

C\H.,0,N, aa’-Dihydroxyglutardi-p-toluidides (INGoLD), 323. 

C,,H,,0,N, Hydroxylamino-derivative of 4’-dimethylamino-2- -hydroxy- 
istyryl ketoxime (HEILBRON and Buck), 1518. 

p-Nitrobenzaldoxime-N-p-di-n-propylaminophenyl ether (Barrow and 
GRIFFITHS), 215. 
C,sH,,0,N,; Ethyl antipyrylaminodiacetate (FARGHER and Kine), 297. 
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19 I1I—20 III FORMULA INDEX. 


C,,H:,0.Br i-Menthyl dl-a-bromo-8-phenylpropionate (SHimomMuURA and 
CoHEN), 1821. 
19 IV 


C,,H,ONBr, Anthranylpyridinium perbromide (Barnertr and Cook), 
907. 


C,,H,,ON,I Cinnamoylaminoquinoline methiodides (Hamer), 1437. 

C,,H,,0,N;S, a7-Disulphidoacetonedicarboxyditoluidides (Narr), 1241. 

C,,H;,0ON,I Phenylhydrazine derivative (+ 3H,0) of substance C,H,0,| 
(CoLLIE and REILLY), 1554. 

C.pH290,NC1 Ethyl ester of phenylchloroacetyl-J-tyrosine (SHIMOMURA 
and CoHEN), 1824. 


C., Group. 
CxoH,.0, Dina phtha-1:7:1’:7’-diquinone (MorGAN and VintN@), 1707. 
C..H:;N, Aminophenanthraphenazines (Watson and Durr), 1215. 
C..H,,0, Phenolphthalein, preparation of (Warp), 850. 
1:7:1':7’-Tetrahydroxydinaphthyl (MorGan and Vinine), 1712. 
C..H,N, Diaminophenanthraphenazines (Watson and Durr), 1215. 
CooHi,N; 2:7:11-Triaminophenanthraphenazine, and its hydrochloride 
(Watson and Dutt), 1217. 
C..H;,0 Triphenylvinyl alcohol, constitution of (McKenziz and Boy sz), 
1131. 


C.o9HisN, 2:7-Diaminodihydrophenanthraphenazine, and its hydro- 
chloride (Watson and Dutt), 1216. 

CyH,,N 9-Phenylamino-9:10-dihydroanthracene (BARNETT and Cook), 
909. 


C.oH;,0, m-Opianic anhydride (FArcuer and Perxrn), 1742. 
CooHyO, w-Hydroxy-3:4:2’:4’:6’-pentamet hoxy-aa-diphenylpropan-f-one 
(NIERENSTEIN), 166. 
C..HaN, Base, from formaldehyde and 4:6-diamino-m-xylene (PEARMAN), 720. 
CroHss0r1 Heptamethyl methylcellobioside (Haworrn and Hirst), 
99. 


20 Ill 
CroHieClS, Substance, from a-chloronaphthalene and sulphur chloride (RAy), 


CuHly 04M Dinaphtha-1:7:1’:7’-diquinonedioxime (MorGAn and VINING), 


CunH ON 2:7-Dihydroxydihydrophenanthraphenazine (Watson and 
T), 1217. 
C..H,CIBi Di-a-naphthylchlorobismuthine (CHALLENGER and ALLPRESS), 
918, 
C.oH,,0.N, 9-Nitrophenylamino-9:10-dihydroanthracenes (Barnett and 
Cook), 909. 
C.oH,,0:N; il camara naphthols (Morcan and HIckIn- 
BOTTOM), 1884, 
C.oH,,ON, 2-Butyrophenone-3-azo-8-naphthylamine (Morean and 
HICKINBOTTOM), 1884. 
CxoH;,0,N, 6-Acetylamino-m-x ylene-4-azo-8-naphthol (Pzarman), 718. 
C,,.H..BrAs Phenyl-a-naphthylmethylallylarsonium bromide (Burrows 
and TURNER), 434, 
CxoH2,0,N 4’-Dimethylamino-2-methoxydistyryl ketone, and its additive 
compounds (HEILBRON and Buok), 1509. 
C.9H220,N, 2:6-Dimethoxy-3:7-diethoxyanthraquinonedi-imide (KErF- 
FLER), 1482. 
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FORMULA INDEX. 20 III—21 III 


C.oH,ON, 4-Amino-l-naphthylaminocamphor, and its hydrochloride 
(ForsTER and SAVILLE), 797. 

CooHyO2N2 Quinine, hexabromostearate of (Corrry), 1309. 

CooH2;0;N; Hydroxylamino-derivative of 4’-dimethylamino-2-methoxy- 
distyryl ketoxime (HEILBRon and Buck), 1518. 


20 IV 
CooH1gO0.N.2S Naphthalene-a- and -8-sulphonyl-1:4-naphthylenediamine 
(MorGAN and Grist), 605. 
C..H;,0N.I Cinnamoylaminoquinaldine methiodides (Hamer), 1437. 


C., Group. 
C.,H,,0;, Resorcinolcoumarein (Krisuna), 1424. 
C.,H,0, Ethyl benzophenone-2:4:2’:4’-tetracarboxylate ketodilactone 
(MILLs and NoppEr), 2101. 
Cast 4s0 Diacetyl derivative of phenolcitraconein (KrisHNna and Pope), 
290. 


CHiN 9-Phenylmethylamino-9:10-dihydroanthracene (BAaRNerr and 

Cook), 912. 
9-Tolylamino-9:10-dihydroanthracenes (BARNETT and Cook), 910. 

C.,H:.0; Phenolcoumarein, and its salts (KrisHNna), 1420. 

C,,H,,Bi Tri-m-tolylbismuthine (CHALLENGER and ALLPREss), 920. 

C.,H..0, Phenolcitraconein diethyl ether (KrisHNna and Popr), 291. 

C:,H,.0, Methylenebiscyclopentanespirocyclohexane-3:5-dione (NoRRIS 
and THORPE), 1208. 

21 II 

C,,H,.0,Br, Tetrabromophenolcoumarein (KrisHna), 1424. 

C.,H,;,0,Br, Tetrabromoresorcinolcoumarein (KRISHNA), 1425. 

C.,H,;N,Cl 5-Chioro-2:3-diphenyl-€-methylquinoxaline (Morcan and 
GLOVER), 1706. 

6(7)-Chloro-2:3-diphenyl-7(6)-methylquinoxaline (Morcan and Cuat- 

LENOR), 1539. 

C.,H,,0;Br, Phenoldibromocoumarein (KrisHNA), 1424, 

C,H,,0,.N 9-0-Carboxyphenylamino-9:10-dihydroanthracene (BARNETT 
and Cook), 910. 

C.,H,,0.N 6-Dimethylamino-3-hydroxy-9-phenylxanthen (KrIsHNA and 
PoPE), 288. 

CyHiNaI 1:1’-Dimethylisocyanine iodide (Hamer), 1439. 

CoH O4Cl Ethyl di-n-chlorobenzylmalonate (KENNER and WiTHAM), 
1460. vs 


C.,HoN3Il Amino-1:1’-dimethylisocyanine iodides (HAmER), 1443. 

C.,H.,0,N Acetyl derivative of 4’-dimethylamino-2-hydroxydistyryl 
ketone (HEILBRON and Buck), 1509. 

C.,;H,.0.N, Strychnine, hexabromostearate of (CorrEy), 1309. 

C.,H.,ON 8-Naphthylaminomethylene-epicamphor (PERKIN and Tir- 
LEY), 1100. 

C.,H,ON, pp’-Tetramethyldiaminodistyryl ketone (HEmsron and 
Buck), 1514. 

C.,H.0,N, Semicarbazone of 4’-dimethylamino-2-methoxydistyryl 
ketone (HEILBRON and Buck), 1519. 

C,,H,,ON 2-Benzoylamino-1:4-di-n-butylbenzene (Morcan and HIcKIN- 
BOTTOM), 1893. 

C.H,,0;N, Semicarbazide derivative of 4’-dimethylamino-2-hydroxy- 
distyryl ketone semicarbazone (HxzmLBRoN and Buck), 1519. 


CXIX. 2185 4G 


22 II—23 IV FORMULA INDEX. 


Ca. Group. 
C.2Hi.0, 1:2-Phthaloylanthraquinone (FarrBourne), 1580. 
C.:HSi, @-Diphenyldiethyldipropylsilicoethane (Kirrrne), 648. 
22 Ill 

C..H,,ON, 1-Methoxy-2-methylphenanthraphenazine (SIMONSEN 
Kav), 1343. 

C..H,,0.N A8-Benzoylamino-8-phenylpropiophenone (McKENZIE 
Barrow), 73. 

C..H.,0N 6-Dimethylamino-3-hydroxy-9-phenyl-2-methylxanthen 
(KRISHNA and Pore), 288. 

C.:H:,0,N 4-Dimethylamino-2-benzoyloxybenzhydrol (Krisuna and 
Pore), 288. 

C..H..0,.N, Butyro-2:4-dimethylphenone-5-azo-8-naphthol (More@an and 
HickINBotrom), 1890. 

C.2H..0,S, 1:1’-Dicyclohexanespiro-8:5:3':5’-tetraketo-4:4’-bisdithiodicyclo- 
hex ylene-2:2’:6:6’-bisdisulphide (Nark), 1240. 

C..H.,0,N, p-Nitrobenzeneazophenylaminocamphor (Forsrer and Sa- 
VILLE), 796. 

C..H.,0,N, Mitraversine, and its hydrochloride (F1eLp), 891. 

C..H;,0;N Mitragynine, and its salts (FreLp), 888. 

22 IV 


C.2H,,0;N.Cl, Ethyl aa-bis-3-chloro-2-cyanobenzylacetoacetate (KEN- 
NER and WiTHAM), 1459. 


C..H,0,N.S, Di-p-toluenesulphony]-4:6-diamino-m-xylene (PEARMAN), 
719. 


C..H.;,0,N,;S p-Sulphobenzeneazophenylaminocamphor (Forster and 
SAVILLE), 796. 


C..H.,0,N,S. Methylmalonomono-o-toluidide disulphide (Nark), 1238. 


C.; Group. 


C.,3H 3,0, Methylenebiscyclohexanespirocyclohexane-3:5-dione (Norris and 
THORPE), 1206. 
23 III 


C.;H,,0,S. Methylene bis-(1)thionaphtha-4-oxycoumarin (Smites and 
McCLELLAND), 1816. : 


C,,;H,,0,N 8-Phthalimino-8-phenylpropiophenone (McKenzie and Bar- 
ROW), 75. 


Coal ON B-Phthalimino-8-phenylpropionanilide (McKenziz and Bar- 

ROW), 74. 

C.3H,,0,N 8-Benzoyl-a-phenylethylphthalamic acid (McKenzie and 
Barrow), 75. 

C.;H.,0.N, Benzylidenebisphenylacetamide (Gupta), 300. 

C.;3H.,0,N, Benzoyl derivative of phenylceamphorimide (ForsTer and 
SAVILLE), 792. 

C.;H.,0.N, p-Benzoylaminophenylaminocamphor (Forster and Sa- 
VILLE), 795. 

23 IV 


C.;H,90,;N.S Hexanitro-derivative of oxythiomesoxo-a-naphthylamide 
(NAIK), 1236. 


C.3H1.0,.N.S, Tetranitrodithiomesoxonaphthylamides (Naik), 1236. 
C.3H,,0,N,S, Dithiomesoxonaphthylamides (Narx), 1236. 
CrsH2ONal Acetylamino-l:l’-dimethylisocyanine iodides (Hamer), 
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FORMULA INDEX. 24 II—26 II 


C., Group. 

CxHigN2 Dicarbazyls, isomeric (PERKIN and TvcKER), 221. 

C.HipN 9-8-Naphthylamino-9:10-dihydroanthracene (BARNETT and 
Cook), 911. 

C.,H.,0, Phenolcoumarein trimethyl ether (KrisHna), 1423. 

C.,H,,Si, d/-Dibenzyldiethyldipropylsilicoethane (Kirrine), 649, 

24 Ill 

C.,HoN.Br, 9:10-Dihydroanthraquinyldipyridinium dibromide (Bar- 
NETT and Cook), 904. 

C.,H.N.Br, 9:10-Dihydroanthraquinyldipyridinium perbromide (Bar- 
NETT and Cook), 905. 

C.,H..0.N, 9:10-Dihydroanthraquinyldipyridinium dihydroxide, salts 
of (BARNETT and Cook), 906. 

C.,H..BrAs Phenyl-a-naphthylbenzylmethylarsonium bromide 
(Burrows and TuRNER), 435. 

C.,H.IAs Phenyl-a-naphthylbenzylmethylarsonium iodide (Burrows 
and TURNER), 436. 

C.,H.,0AS Phenyl-a-naphthylbenzylmethylarsonium hydroxide, salts 
of (BuRROws and TURNER), 435. 

C.,H.,0.N. Phenylethylidenebisphenylacetamide (Gurra), 302. 

C.,H.,0,N, Anisylidencbisphenylacetamide (Gupra), 301. 


24 IV 
C.,H,,0,N,S Diamino-15-hydroxyphenanthranaphthazine-13-sulphonic 
acids (Watson and Dutt), 1218. 
C.,.H,,ON,S 1-Phenyl-5-methylbenzothiazole-4-azo-8-naphthol (Morcan 
and WEnsTER), 1073. 
C.,H;,0,S,.Si, Dibenzyldiethyldipropylsilicoethanedisulphonic acid, 
l-menthylamine salt (KipprnG), 652. 


C,; Group. 


C.;H..0, Diacety!] derivative of phenolcoumarein (Krisuna), 1423. 


25 Ill 
C.;H.,ON &-Dimethylamino-1l-phenyl-8-naphthaxanthen (KrisHna and 
Pore), 288. 
C,;H.,0,As Homopiperonylphenyl-e-naphthylmethylarsonium 
hydroxide, salts of (BURROWS and TURNER), 434. 
C.;H.,0,.N, Cinnamylidenebisphenylacetamide (Gurta), 301. 
C,;H,,0N, 4’-Dimethylamino-2-hydroxydistyryl ketone phenylhydr- 
azone (HEILBRON and Buck), 1519. 
C.;H2.0;N. 4:6:3:4’-T etramethoxy-3-phenylchroman-2-one phenyl- 
hydrazone (NIERENSTEIN), 167. 
25 IV 
C.,H..OBrAs Phenacylphenyl-a-naphthylmethylarsonium bromide 
(BuRRows and TURNER), 434. 
C.;H..0,BrAs Homopiperonylphenyl-a-naphthylmethylarsonium 
bromide (Burrows and TurNER), 434. 


C.; Group. 
C.sH.S, Dibenzylthianthren (RAy), 1965. 
C,.H.,N 9-Diphenylamino-9:10-dihydroanthracene (Barnerr and Cook), 
912. 


C.<H.,N; 9-p-Benzeneazophenylamino-9:10-dihydroanthracene (Bar- 
NET? and Cook), 911. 
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26 Ill 
C.~H,,0,N, Dianilide of -y-6:6’-dinitrodiphenic acid (KENNER and 
STUBBINGS), 599. 
C.,H2 N.S, 3:6-Dithio-1:2:4:5-tetraphenylhexahydro-1:2:4:5-tetrazine 
(NAIK), 1169. 
C..H2,ON, 4’-Dimethylamino-2-methoxydistyryl ketone phenyl. 
hydrazone, and its pyridine additive compound (HEILBRON and Buck), 1520, 
C..H,,0,N. Camphorylaminophenyliminocamphor (Forsrer and 
SAVILLE), 795. 
26 IV 


C.,H..0.N.S,; Trisulphidobisbenzanilide (Narx), 1169. 

C.,H..0,N,S, Benzene-1:3-disulphony]bis-1:4-naphthylenediamine 
(Morean and Grist), 606. 

C.H..0,N,S, 2:7-Diaminophenanthraquinonediphenylhydrazone-pp'-di- 
sulphonic acid (Watson and Dutt), 1221. 

C.cH2,0,N,S p-Sulphobenzeneazonaphthylaminocamphor (Forster and 
SAVILLE), 797. 


C., Group. 
C.;H,,0,Cl, Lactone of 7:8-dibenzoyloxy-2:4-bistrichloromethy]-6-8- 
trichloro-a-hydroxyethy1-1:3-benzdioxine-5-carboxylic acid (A.LIn- 
CHANDANI and MELprum), 207. 


C., Group. 
C.3H,.0, 1:7:1':7’-Tetra-acetoxydinaphthyl (Morcan and Vinino), 1713. 
28 III 
C.,H.,0,N 6-Dimethylamino-3-benzoyloxy-9-phenylxanthen (KRISHNA 
and Pore), 288. 
C,s5H.3N,Cl 2:7-Diamino-11:4’-dimethylflavinduline chloride (Warson 
and Durr), 1219. 
C.,H.,0,N, Tetra-acetyl derivative of 2:7-diaminodihydrophenanthra- 
phenazine (Watson and Dutt), 1217. 
28 IV 
C.sH,,0,N,Cl 2:7-Dinitro-11:4’-dimethylflavinduline chloride (Watson 
and Dorr), 1218. 


Cso Group: 
C,.H;,.0,N, Camphoryl-l-aminonaphthyl-4-iminocamphor (Forster and 
SAVILLE), 798. 
30 1V 
Cy.H,0,N,S,; Naphthalenedisul phony] bis-1:4-naphthalenediamines 
(MorGan and Grist), 606. 
CyH,,ON,I Cinnamoylamino-1:1’-dimethylisocyanine iodides (HameR), 


C;, Group. 


C3,H.,0, Dibenzoyl] derivative of phenolcitraconein (Krisuna and Ports), 
290. 


C3, Group. 
Cz:H;,0,N, pyp’-Bisiminocamphordiphenylamine (B. K. and M. Sixeu 
and Lat), 1975. 
Cs2H~0,N, pp’-Diphenylenebisaminocamphor (B. K. and M, Srven and 


LAL), 1974. 
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32 IV 
C32H30,.N,S. Methylmalonanilide disulphide (Nark), 384, 


C;, Group. 
C3,.H..0, Substance, from magnesium phenyl bromide and diphenylchloro- 
acetyl chloride (McKENzIE and Boye), 1138. 
34 III 
C3,5H.O.N, 00’-Ditolylenebisiminocamphor (B. K. and M. Srnen and 
Lat), 1973. 
CysH..0,N, 00’-Dimethoxydiphenylenehisiminocamphor (B. K. and M. 
Sincu and Lat), 1974. 
34 IV 
C;,H..0,.N,.S; Phenanthraquinonebis-(2’)-azo-7’-amin o0-l’-hydroxynaph- 
thalene-3’-sulphonic acids (Watson and Durr), 1219. 
C,4H;,0,N.S,; Malondimethylanilide disulphide (Nark), 384. 


Cz. Group. 
C3¢H2,0.,NicS. Dodecanitro-derivative of methylmalono-p-toluidide 
disulphide (Nark), 1238. 
C;,H;,0,N,S. Methylmalonotoluidide disulphides (Nak), 1238, 


Cy Group. 
C;,H,,0,N,S, 11-Aminophenanthraphenazine-2:7-bis-(2’)-azo-7’-amino- 
1’-hydroxynaphthalene-3’-sulphonic acid (Watson and Durr), 1220. 
C,.H.,0,N,S, Dihydrophenanthraphenazine-2:7-bis-(2’)-azonaphthi- 
onic acid (Watson and Dutt), 1220. 


C,. Group. 


Cy.H,,0, Tribenzoyl derivative of phenolecoumarein (KRisuna), 1428. 


Cy, Group. 
C.H.,.0,.N;, Dinaphtha-1:7:1’:7’-diquinonetetra-2:4-dinitrophenyl- 
hydrazone (MorcGan and VINING), 1712, 
C,,H,,0.N, py-Diphenylenebisazophenylaminocamphor (Forster and 
SAVILLE), 797. 


Cus Group. 
C,,H,,OSi, Octaphenylsilicotetrane oxide (Kipptnc and Sanps), 840. 
C.;H,.0,Si, Octaphenylsilicotetrane oxide, rhomboidal (Kippinc and 
Sanps), 844. 
CysHagI,Si, Octaphenyldi-iodosilicotetrane (Kirpinc and Sanns), 830. 
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ERRATA. 
Vou. 115 (Trans., 1919). 


Line 
6* for “latter” read ‘‘ heat of formation of methane.” 


Vou. 117 (Trans., 1920). 


“ce 5 74 ” “ec 
Table V in third column fort 6°62 }read 
5°15 g 
Line 
1* Sor - C;Hy.03N.S ne read ” C;H,)0;N.S. = 
1* ,, ‘‘oxide, a little water” read ‘‘ oxide and a little water.” 
» ‘*citronellal” read ‘‘ citronellol.” 
** peonal ” read ** peonol.” 
“3” read ‘*S.’ 
. Ons ” read ‘* 9nS.” 


$015 cm.” read **0°1588 cm.” 


**6°69” read ‘*6°69 x 19°4.” 

**Mr. E. A. Perren” read ‘‘ Messrs. R. Craven and E. A. Perren.” 
“this” read ‘‘ their.” 

**V/10-KMn0O,” read ‘* N/10-K MnO, equivalent to.” 

**0°03994 ” read ‘*0°03004.” 

‘sodium sulphate” read ‘‘ sodium hydrogen sulphate.” 

‘*lead acetate” read ‘‘ sodium a 


Me0/ \CO,H Me0/ \CO,H 


| | | 
formule V. and VI. read MeO\ / and HO, / 
OMe OMe 


respectiv ely. 
», ‘‘positive” read ‘‘ negative.” 
the formula should be “3K {Fe (CN)¢],K ‘o[ Fe(CN),H,0].” 
col. 2 for **167°90” read ** 157-90. 
diagram insert ‘‘y” values at end of horizontal lines, namely, from 
below upwards **100, 90, 80, 70, 60.” 
Sor **Cy,H,.0,N,” read ‘ “OisH205Ny. ro 
es “N=217°37. CisH Na requires N=17°73” read 
**N=16°35. C9H,,0,N,; requires N=16°47.” 
*$9B” read ‘* 20.” 
**20” read ‘‘ 2B.” 
$28” read ** 20.” 


Von. 119 (Trans., 1921). 
‘* Shenstone” read ‘‘ Stenhouse.” 
**SrOS,,8H,0” read “ SrCS,,8H,0.” 
‘salts in millimols.” read ‘* salts and soaps in millimols. per cent.” 


in tables I, II, V, VI, and VIII after “‘ millimols,” insert ‘‘ per cent.” 


15 for ‘*renewal” read ‘* reversal.” 


* From bottom. 
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ERRATA (continued). 


Vor. 119 (Trans., 1921). 
Page Line 


307 Jor ‘* denominator of equation” read ‘'4( Vv) — (V# + v8).” 
389 8* ,, ‘‘cis-Citraconatodiethylenediamine” read  ‘“‘ cis-Citraconatodi- 
ethylenediaminecobaltic.” 

oo In equations (6), (7), (8) and in tables II, III, IV for ‘‘ loge” read 
1392 a3 logio.” 

1590 11 for ‘“‘ay-dicarboxy-a-methylglutaconate” read ‘‘ ay-dicarboxy-a- 

benzylglutaconate.”’ 
” ” (C,H y905).Ca ‘s read ** (C,,H,0,),Ca. ” 


* From bottom. 


